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Evaluating the Kinetic Behavior of lon Exchange Resins
This standard is issued under the fixed designation D 6302; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope effluent is measured by conductivity, and if agreed upon, other

1.1 This practice is intended to evaluate changes in kineti@PPropriate analytical procedures.
performance of ion exchange resins used in mixed beds
produce high purity water. Within strict limitations, it also may : L :
be used for comparing resin of different types. This standard 9:1 This practice is intended to evaluate changes in the
does not seek to mimic actual operating conditions. Specifif€rformance of ion exchange resins used in mixed beds
challenge solutions and conditions are specified. At the optioRP€rating as polishing systems for solutions of low ionic
of the user, other conditions may be tested. strength, typically, <10 mg/L dissolved so_llds, that are intended

1.2 This standard does not purport to address the safety® Produce very high purity effluents. It is recommended that
concerns, if any, associated with its use. It is the responsibilitg/hen new resins are installed in a plant it be used to provide a
of the user of this standard to establish appropriate safety andP@Se line against which the future performance of that resin can

health practices and determine the applicability of regulatoryP€ judged. N _ S
limitations prior to use. 5.2 The conditions of this test must be limiting kinetically,

such that kinetic leakage, and not equilibrium leakage, is

tg‘ Significance and Use

2. Referenced Documents tested. This leakage is influenced by a combination of influent
2.1 ASTM Standards? flow velocity and concentration, as well as bed depth.
D 1129 Terminology Relating to Water 5.3 Itis recommended that the practice be followed with the
D 1193 Specification for Reagent Water resin ratio, flow rate, and influent quality as indicated. The
D 2187 Test Methods for Physical and Chemical Propertie§l€sign of the apparatus permits other variations to be used that
of Particulate lon-Exchange Resins may be more appropriate to the chemicals used in a specific
D 2687 Practices for Sampling Particulate lon-Exchangé’!@nt and the nature of its cooling water, but the cautions and
Materials limitations noted in the practice must be accommodated.
D 5391 Test Method for Electrical Conductivity and Resis- 54 It is possible that the cation resin could experience
tivity of a Flowing High Purity Water Sample kinetics problems. In many cases, however, the anion resins are
more likely to experience the types of degradation or fouling
3. Terminology that could lead to impaired kinetics. Testing of field anion and
3.1 Definitions—For definitions of terms used in this prac- cation resins together is an option, especially when historic
tice, refer to Terminology D 1129. data on the mixed bed will be compiled. Recognize, however,
that many variables can be introduced, making it difficult to
4. Summary of Practice interpret results or to compare to historical or new resin data on

4.1 An apparatus is described in which a specified volumé&eparate components. _
of regenerated resin sample is mixed with a corresponding new 5.5 Provision is made for calculation of the mass transfer
resin. The mixed bed then is operated at a controlled high flowgoefficient in the Appendix X1. When such calculation is to be

rate on an influent of known composition, and the quality of themade, a full wet sieve analysis, as described in Test Methods
D 2187, also is required. Electronic particle sizing may be

substituted if it is referenced back to the wet sieve method.
5.6 This practice is intended to supplement, not displace,
1 This practice is under the jurisdiction of ASTM Committee D19 on Water and other indicators of resin performance such as exchange capac-

is the direct responsibility of Subcommittee D19.08 on Membrane and lon. 0 . . L
Exchange Materials. ity, % regeneration, and service experience records.

Current edition approved June 1, 2004. Published June 2004. Originally
approved in 1998. Last previous edition approved in 1998 as D 6302 — 98. 6. Interferences

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or H i H]
contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM 6.'1. Inter_ferences n the conventional sense are minimal, but
Standardssolume information, refer to the standard’s Document Summary page onVarlaltlons in test conditions, such as flow rate, temperature,

the ASTM website. resin ratio, particle size, column configuration, regeneration
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efficiency, and influent concentrations can cause major differ7. Equipment

ences in performance. This practice fixes or measures these; ¢ Backwash/Separation and Regeneration Apparatae
variables so that true changes in resin kinetics can be demoRgst Methods D 2187. The column should be 50-mm<BO0
strated af:curately._ Other means will be needed to investigatg goo-mm length.

other resin or equipment problems. 7.2 Kinetics Test Apparatus (see Fig. 1)

6.2 Contaminant ions in the resins themselves, if present 7.2 1 Feed Pumpscapable of controlled delivery of 0.5 to 3
when they are loaded into the test apparatus, may impaghL/min. One is required, the second is optional for use where
performance significantly and must be considered in thenother reagent, such as ammonia, is to be added.
interpretation of the results. If the contaminant ions are 7.2.2 Circulating Pump capable of delivery of 1 to 1.5
different from those in the challenge solution, they may bel /min.
determined by ion chromatography. 7.2.3 Glass Columpnominal 25-mm IDX 600 mm. The

6.3 Aconstant velocity in the range of 50-60 gpfiitused  column shown in Fig. 1 of Test Methods D 2187 may be
to insure that flow is turbulent and there is little or no resistancenodified for this purpose.
to mass transfer from the bulk solution to the resin surfaces. 7.2.4 Mixing Chamber
This constant velocity insures the desired testing of surface 7.2.5 Conductivity Meter With Recorder and Temperature
kinetics at the boundary layer. Compensation-See Test Method D 5391.

ya 1. Water supply, ASTM Type |

. 2. Mixed bed polishing column
(Required for recirc mode)

¥ 3. Polished water reservoir

——-—:.— (Required for recirc mode)
e 12 4. Pump
1 (Required for recirc mode)

f) 18 5. Conductivity meter

~ (Required for recirc mode)

6. Flow meter

7.and 8.  Feed solution reservoir
9. and 10. Proportional metering pump
11. Mixing chamber or static mixer
12. Influent sample tap

18 13. Test column

- 14. Effluent sample tap

3 15. Conductivity meter

16. Conductivity meter

17. Cation column

14

Note—Recirculation of water is optional; final effluent also can be directed to drain.
FIG. 1 Test Apparatus for Kinetics
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7.2.6 Flow Meter—Capable of measuring flows in the range mL/min into 1 L/min flow, the concentration in the influent
of about 1 L/min. should be 1.5 mg NHIL.

7.2.7 Cation Column nominal 25-mm IDX 600-mm col-
umn, typically with a 15-45-cm depth of resin. This column

should be prepared the day before testing to allow to rinse to 8-5-2 Sodium Sulfate Feed Solution (0.9 g,8@&),/L)—Dry
>17.5 M (see 8.3). the NgSO, for 1 h at 100-105°C, then store in a desiccator.
. . . Weigh 0.900 g of the anhydrous sodium sulfate, and dissolve it
Note 1—Pressure relief sho_uld be provided for thIS system t(_) allow nojn 1 L of water. Mix well. When delivered at the rate of 0.5
more pressure than the materials can tolerate, typically 50 psig or IeSS'mL/min into 1 L/min flow, the concentration of the influent
8. Reagents should be 0.145 mg/L Na and 0.300 mg/L SO
8.1 Purity of Reagents-Reagents meeting the specifica- 3 4%6 ﬁz%e:'l?(r)agté i%ﬂl\?vrgtgyvc\j/irt?\)(?tlﬁrioIug%gl(ngﬂﬁ)sfle o
tions of the Committee on Analytical Reagents oftheAmerican40 (‘E This solljtion is caustic and Ii%érates heat durin
Chemical Society may not be suitable for use in this practice.,. |' tion. This | valent to 8 % NaOH b ht 9
All reagents used should be of the highest grade commerciallg}ISSO ution. This1s equivalent fo © o Na y weight.
available and should be tested for both anionic and cationic Note 3—This solution is intentionally stronger than typical field
impurities by ion chromatography after the feed solutions hav@rocesses so that maximum % regeneration is achieved.
been prepared® Reagent grade 50 % NaOH (763 g NaOH/L) also can be
8.2 Purity of Water—Unless otherwise indicated, referencesused and would require 456 mL to make 4.0 L.
to water shall be understood to mean reagent water conforming 8.7 Regenerant, Hydrochloric Acid Solution (1 +-9)
to Specification D 1193, Type I. It shall be checked by ionCarefully pour 200 mL of hydrochloric acid (HCI, sp. gr. 1.19)
chromatography at the ppb level prior to use, if ion chroma-into 1800 mL of water, stirring constantly. Cool to 25°C.
tography will be used for analysis. _ i o _
8.3 Standard Cation ResinNew hydrogen-form, strong NOT_E 4—For field cation samples, sulfuric acid typl_cally WOU|d be
. . L. ) . substituted for HCI, since }$0, is the usual regenerant in the field.
acid, cation resin is to be used; nuclear grade is preferred. Do
not regenerate this resin. This resin should be stored i9. Sampling

impermeable containers at temperatures that do not exceedg 1 cgjlect the sample in accordance with Practices D 2687.
25°C. Backwash the resin with water at 100 % expansion for af; g extremely important that the resin sample properly
least 15 min. The resin should be rinsed thoroughly with WateFepresent the entire bed being evaluated. Core sampling is
to = 17.5 MQ resistivity before being used in a kinetics test. . quired. A sample containing at least 300 mL of anion, or

The same cation resin may be used in the test column, as Welhtion resin. or both, must be provided. The sample may be
as the cation column. It is recommended that a Specific tyPgyen pefore or after separation of a mixed bed, so long as it is
and brand of resin be used consistently where results are 10 bgpresentative. Use a plastic or glass container with a water-
compared. ) i ) tight cap and label in accordance with Practices D 2687.

8.4 Standard Anion ResirUse new, hydroxide-form, "9 5 gypsamples taken in the laboratory also must be taken

strong base anion resin; nuclear grade preferred. Follow othgfy, careful coring to preserve the representativeness of the
requirements as given in 8.3. sample.

8.5 Test Solutions-Test solutions can be modified for
specific systems, however, the following are recommended fot0. Backwash and Separation Procedure

routine testing. Although a target feed injection rate of 0.5 10.1 Place about 800 mL of mixed bed resin sample or
mL/min is used here, the feed concentrations and meteringhout 500 mL of individual resin sample in the backwash/
pump flows can be altered, so long as the test column influerfeparation apparatus. Backwash with water at a flow sufficient
concentrations and flow rate are nominal as specified. to give about 50 % bed expansion. This should allow crud to
8.5.1 Ammonia Feed Solution (3.0 g/L as WHDptional for  rinse away while separating any cation from the anion in the
Use with Ammoniated System3are a beaker with about 50 sample.
mL of water on an analytical balance with 0.01-g sensitivity. 10.2 Using a siphon or aspiration assembly, remove and
Add 20.9 g of concentrated ammonium hydroxide (sp. gr. 0.90}ollect the resin of interest, anion resin (above the interface) or
from a dropping bottle. Transfer to a 2-L volumetric flask, andcation resin. Try to minimize cross-contamination by leaving
dilute to volume. Mix well. When delivered at the rate of 0.5 pehind or wasting resin as needed. This, however, must be
minimized in order to avoid sample bias. Inspection of the
interface with a hand lens may show a bead size variation at the
3Reagent Chemicals, American Chemical Society Specificatimerican interface. If less than 3.00 mL of the _resm of interest is
Chemical Society, Washington, DC. For suggestions on the testing of reagents nfecovered, repeat 10.1 with another portion of sample.
listed by the American Chemical Society, sdmalar Standards for Laboratory 10.3 Remove a small amount of the separated resin to a
Chemicals BDH Ltd., Poole, Dorset, U.K., and thénited States Pharmacopeia pIastic petri dish and examine under low power (12_15)()
and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville, ifi . . h f whole beads. If th
D, magnification to estimate the percentage of whole beads. If the

4McNulty J. T., Bevan C. A., et al., “Anion Exchange Resin Kinetic Testing: An I€sin is less than about 90 % whole beads, this practice should
Indispensable Tool for Condensate Polisher Troubleshooting,” Proceedings of thgot be continued.
47th International Water Conference, Engineers’ Society of Western Pennsylvania,
October 1986. Note 5—Ilon exchange kinetics are affected by particle size and shape.

Note 2—Ammonium hydroxide generates irritating ammonia vapors.
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10.4 After decanting excess water, measure, by coring, 300 Note 6—If the resin is poorly mixed or contains air pockets, test results
mL of the separated resin in a graduated cylinder under watewill be erroneous. If resin stratification or air bubbles can be seen in the
Tap gently to settle before measuring resin. Disconnect theolumn, remove the resin to the beaker, and repeat the mixing and transfer
regeneration column, and transfer the resin as a slurry to th&ePs:
column. Keep a small amount of water above the resin and try 11.4 Fill the cation column to a depth of at least 15 cm with
to r.nlnl!’n.lze air bubbles. Leave the bott.om efﬂ.uent line S.hut Offthe new hydrogen_form cation resin (84), then reconnect it in
while filling the column. Open it and immediately begin the the test apparatus. This column is not used if the sample tested
flow of regenerant. Regener_ate the resin as follows. For anioRs cation resin.
use NaOH regenerant solution at a flow rate of 25 mL/min for

60 min, maintaining a temperature of 50°C either by jacketin 11.5 Before connecting to the test_apparatus, turn on t.he
the column or warming the regenerant. For cation resin, use th ater supply system and allow it to recirculate or flush to drain

HCI regenerant with the same conditions, except that ambier‘rﬂ't” the conductivity indicator reads 0.06 uS/cm or less. Adjust

temperatures are used. t e valves to allow fl.ow to the test column, and connect the
10.5 Make sure that the water level is no more than about #fluent and effluent lines to the column.

mm above the top of the resin before beginning the rinse step.

Rinse the regenerated resin with water at 25 mL/min for 1512. Column Test Procedure

min, then increase flow to about 100 mL/min, and rinse until N . :

A L ote 7—Normally this test is conducted at laboratory temperatures,
the effluent conductivity is 20 pS/em or less. Rinsing ShOUIdbut other temperatures can be used if they can be maintained uniformly
take no more than a total of 1 h. during the test. In either case, record the temperature at which the test is

10.6 Transfer the regenerated resin from the column to @onducted, and for comparative purposes, data must be generated at
beaker. Transfer, by coring, a 75-mL portion to a graduate@emperatures within a 10°C range.
cylinder, containing 10-15 mL of water. Cover to protect from .
CO, until resin is to be used. If mass transfer coefficient is to 12.1 Tum on the water source and adjus_t _the flow rate
be calculated according to Appendix X1, use the rest of th«lﬂroygh the col_umn with t_he resin in place until it measures 1
regenerated resin sample, at least 200 mL, to measure t min on the discharge side.
particle size distribution as directed in Test Methods D 2187, 12.2 Turn on the recorder and continue the water flow until
Test Method D. No other pretreatment is required prior tod Stable reading is obtained. This should require a minimum of
sieving. Measurement of particle size distribution is recom-15 min but usually less than 1 hour. It may be useful to record
mended for all samples to verify the representativeness dhe rinse down time for comparison purposes. Although a
samples and comparability of results; however, be cautious ireading of less than 0.06 uS/cm is expected, an occasional test
using this measurement to compare to specifications for sizeample will not attain this. Repeat the entire procedure care-
since some resin may be lost in this procedure. fully, but if the conductivity is still too high, try to determine
11. Preparation of Column and Rinse Down the cause of the poor rinse down before proceeding. It may be

helpful to check for the presence of other ions. If mass transfer

11.1 Transfer, by coring, 150 mL of the hydrogen-form qeficient is to be calculated, measure the test column resin
cation resin either new or regenerated sample in a graduat%d depth

cylinder under water. Tap the graduated cylinder gently when . .
measuring the resin volume to get an accurate reading. Transfer12-3 If analysis other than conductance is to be made, open
the cation and the 75 mL of new or regenerated sample anigfr€ €ffluent sample tap and take a sample of the water, as a
resin to a 400-mL beaker, and decant excess water, then miackground blank, with care to minimize its contamination.
well with a glass rod. Sample containers should be suitable for high purity water.
11.2 Disconnect the test column (see Fig. 1), decant exce$dose the effluent sample tap.

water from the resin, and transfer the mixed resin as a slurry to 12.4 If the optional ammonia solution is to be used, turn on
the rinsed, drained test column. Keep only a very small amourthe feed pump calibrated to feed the ammonia feed solution
of water above the resin, so the resins do not stratify, and try teeagent at the chosen flow rate. Continue to feed this reagent
minimize air pockets. Leave the bottom effluent line shut offuntil the reading on the conductivity recorder restabilizes. A
while filling the column, except that a small amount of liquid ¥.-h run time is recommended. A sample(s) may be taken at the
can be drained off while liquid is being added. A small amountinfluent sample tap if desired to verify the ammonia concen-
of demineralized water can be used to rinse resin off the sidegation.

of the column, but keep only about 5 mm of free liquid above 15 5 1y on the sodium sulfate feed pump for the sodium

the resin to _keep resins from separating out. .If mass trans ulfate solution and continue running as in 12.4, taking samples
coefficient will be calculated, measure the inside diameter o

. ; . . t the influent and effluent sample taps for analysis if required.
the test column with a micrometer, divide this by two, andAgain, the conductivity should stabilize within3a-h.
convert to meters.

11.3 An alternative is to drain the test column as above, but 12-6 Verify that the test column effluent and cation conduc-
transfer the mixed resin in 25-mL portions, about one tableliVities are being recorded, or record manually.
spoon, to a long-stemmed plastic funnel inserted in the top of 12.7 Shutdown of the feed pumps in reverse order until the
the test column. Again, a minimum amount of rinse water carsample is again running on water alone. Record the conduc-
be used to facilitate the transfer. tance. Shut down the system.
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13. Reporting 14. Precision and Bias

13.1 Tabulate the data from the test, including run time, test 14.1 Precision and bias are not given since this is a practice,
temperature, flow velocity, influent concentrations, conductivi-gng data will be compared over time on actual systems.
ties, and analysis of specific ions if performed. It is recom-
mended that bed dep_th and_ particle size data also be noted_.15_ Keywords

13.2 Where data is available, graph the present data in . ' _ . o '
comparison with the data obtained from new resins or previous 15.1 anion resin; cation resin; condensate polishing; ion
samples tested in the same protocol. exchange; kinetics; leakage; mixed bed

APPENDIX
(Nonmandatory Information)

X1. CALCULATION OF MASS TRANSFER COEFFICIENT FOR SULFATE

X1.1 Calculation of the mass transfer coefficient for sodium X1.2.1 As an example, assuming the 26-mm column diam-
or sulfate requires a full wet sieve analysis (see Test Methodster and 14-min flow rate, the term is as follows.

D 2187) in addition to the above procedure. Further, it requires F 1667% 10°  3.29% 102

that sodium or sulfate be measured by ion chromatography, or AXT = 508X 107 L o (X1.2)
other suitable means, in the effluent from the kinetics test itself. :

Even with unused resins, calculation of the ion concentration X1.2.1.1 The initial term is as follows.

from conductivity alone is not recommended since other ions 1 1 0.256

that interfere frequently are present. 61-9R_ B(I_035R 'R (X1.2)

X1.2 The full equation typically used to calculate the mass x1.2.1.2 The bed porosity or void volume equals 0.35.
transfer coefficient in experiments of this kind is that proposedcombing these, the calculation is as follows.
by Harries®

8.43%x10° d
k = 1
—ar < AXL. X d X (InC/JOC), where:
k = RrEssiBnster Soeticient for sulfate or sodium, m/s, F = Decimal fraction of anion or cation volume in the
e = Bed porosity, i¥m?® bed, mixture,
R = Volume fraction of sample resin C, = Influent concentration of sulfate or sodium in ppb,
Anion, n? C = Effluent concentration of sulfate or sodium ppb,
Cation, nt + Anion, n?* L= Bed depth, in m, and - ,
or d = Harmonic mean size of sample resin in m, which
0.10
Cation, n equalsg— g
Cation, nt + Anion, n? X1.2.1.3 This is calculated by filling the values from the wet
F = Flow rate, ni/s, screen analysis of the sample resin and adding up the values
A = Bed cross sectional area, x/dp. The value ofdp is equal in each case to the square root
m? = mr?, where r is radius in meters (as measured in 11.2),0f the product of the two size openings ®fd; X d,. This
L = Bed depth, m (as measured in 12.2), already has been calculated below.
d = Sample resin _harmonlc mean size, m' Screen Cut Size Open, % Retained, X Factor, X (or X Times
C = Sulfate or sodium effluent concentration, pg/L, mm 1/dp Factor) dp
C, = Sulfate or sodium feed concentration, pg/L, Through 16 on 20 1.19t0 084 __ 1.000
= Through 20 on 30 0.84 to 0.59 1.420
m _ meter?j’ and Through 30 on 40 0.59 to 0.42 2.009
S = seconds. Through 40 on 50 0.42 to 0.30 2.817
Through 50 on 60 0.30 to 0.25 3.651
Through 60 on 100 0.25 to 0.15 5.164

5 Harries, R. R., “Anion Exchange Kinetics in Condensate Purification Mixed . R
Beds,” Proceedings of the 5th EPRI Condensate Polishing Workshop, Richmond, X1.3  Typical reproducibility error has been fOUI"!d to be on
VA, October 1985. the order of= 2 to 8 % of the mass transfer coefficient value.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



