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1. Scope 2. Referenced Documents

1.1 These test methods cover the determination of the 2.1 ASTM Standards:
physical and chemical properties of ion-exchange resins when D 1129 Terminology Relating to Wafer
used for the treatment of water. They are intended for use in D 1193 Specification for Reagent Water
testing both new and used materials. The following thirteen test D 1293 Test Methods for pH of Water

methods are included: D 2687 Practices for Sampling Particulate lon-Exchange
Material$
Sections D 2777 Practice for Determination of Precision and Bias of

fst metﬂog g—s\;etfeaémem_ conac 123-1(7) Applicable Methods of Committee D-19 on Water

est Metho —\Water Retention apacny - e - . _ . . _
Test Method C—Backwashed and Settled Density 1824 E 11 Specification for Wire-Cloth Sieves for Testing Pur
Test Method D—Particle Size Distribution 25-32 pose§
Test Method E—Salt-Splitting Capacity of Cation- 33-41

Exchange Resins 3. Termino|ogy
Test Method F—Total Capacity of Cation-Exchange 42-50 . L. .

Resins 3.1 Definitions—For definitions of terms used in these test
TeIs:t Metgoq GEPehrcent ieggneration of Hydrogen- 51-58 methods refer to Termino|ogy D 1129.

orm Cation-Exc ange Rresins . e ape . .
Test Method H—Total and Salt-Splitting Capacity of 59-66 3.2 Deflmtlons of Terms Spe_cmc t(_) This Standard: .

Anion-Exchange Resins 3.2.1 anion-exchange materiatan ion-exchange material
Te;t Mhethod |R_P_ercent Regeneration of Anion 67-75 capable of the reversible exchange of negatively charged ions.
TestX(l\:/I;Egz Jisll(r;:ic Chloride Content of Anion- 76-83 3.2.2 Cation'eXChan_ge materiatan ion-e>_<c_:hange materi_al

Exchange Resins capable of the reversible exchange of positively charged ions.
Te;t Mhethod E—_Carbonate Content of Anion- 84-91 3.2.3 ion-exchange restr-a synthetic organic ion-exchange

XChange Resins .

Test Method L—Sulfate Content of Anion Exchange 92-99 material. . . . .

Resins 3.2.4 mixed bed- a physical mixture of anion-exchange
Test Method M—Total Anion Capacity of Anion- 100-108 material and cation-exchange material.

Exchange Resins

1.2 The values stated in Sl units are to be regarded as tife Reagents
standard. The inch-pound units given in parentheses are for 4.1 Purity of Reagents-Reagent grade chemicals shall be
information only. used in all tests. Unless otherwise indicated, it is intended that

1.3 This standard does not purport to address all of theall reagents shall conform to the specifications of the Commit-
safety concerns, if any, associated with its use. It is theee on Analytical Reagents of the American Chemical Society,
responsibility of the user of this standard to establish appro-where such specifications are availabl@ther grades may be
priate safety and health practices and determine the applicaused, provided it is first ascertained that the reagent is of
bility of regulatory limitations prior to useSpecific precau- sufficiently high purity to permit its use without lessening the
tionary statements are given in Note 1. accuracy of the determination.

1 These test methods are under the jurisdiction of ASTM Committee D-19 on
Water and are the direct responsibility of Subcommittee D19.08 on Membranesamd————————

lon Exchange Materials. 2 Annual Book of ASTM Standardgol 11.01.
Current edition approved April 15, 1994. Published June 1994. Originally *Annual Book of ASTM Standardgol 11.02.
published as D 2187 — 63T. Last previous edition D 2187 — 93. 4 Annual Book of ASTM Standardgol 14.02.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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4.2 Purity of Water— Unless otherwise indicated, refer- Water Regenerant
ences to water shall be understood to mean Type IV reagefits e fnlet Connection
water described in Specification D 1193. J

5. Sampling
5.1 Obtain a representative sample of the ion-exchangdckwesh Outer
resin in accordance with Practices D 2687. [~ Height shall be
5.2 A minimum sample size of 1 L is recommended for a \l / odjustatie
complete testing program. Ta Drain /")
1
TEST METHOD A—PRETREATMENT
Calibrate —
0. Scope Column' 2
2.5¢m Digm
6.1 This test method covers the conversion of ion-exchange Approximately
resins to a known ionic form and is intended for application to (5Cem Long

both new and used material.
Sample For Test

7. Significance and Use

7.1 The ionic form of an ion-exchange material affects both Support - - \ At Least 5 cm
its equivalent mass and its equilibrium water content. These in 4
turn influence the numerical values obtained in exchange
capacity determinations, in density measurements, and in the
size of the particles. To provide a uniform basis for compari- Drain Connection,

Back! h . .
son, therefore, the sample should be converted to a known ~“laer :[;Er 1%: pompling Sonnection.
ionic form before analysis. This procedure provides for the ©°™e¢"°"

Point.
conversion of cation-exchange materials to the sodium fornf!G- 1 Typical Arrangement of Apparatus for Pretreatment of lon-
and anion-exchange materials to the chloride form prior to Exchange Materials

analysis. These forms are chosen since they permit samples to

be weighed and dried without concern for air contamination oré‘ Reagents

decomposition. If other ionic forms are used this fact should be 9.1 Hydrochloric Acid (1 + 9)—Carefully pour 100 mL of

noted in reporting the results. hydrochloric acid (HCI, sp gr 1.19) into 900 mL of water,
stirring constantly. Cool to 25 5°C.
8. Apparatus 9.2 Sodium Chloride Solutio(iL00 g/L)—Dissolve 100.0 g
8.1 Pretreatment ApparatugSee Fig. 1): Ef sodium chloride (NaCl) in 800 mL of water and dilute to 1

8.1.1 Column transparent, vertically-supported, 25 2.5 '9 3 Sodium Chloride Solutio(240 ;
e ; . . g/L)—Dissolve 240 g of
mm (1.0= 0.1 in.) inside diameter and approximately 1500 odium chloride (NaCl) in 800 mL of water and dilute to 1 L.

mm (60 in.) long. The bottom of the column shall be closed andg 9.4 Sodium Hydroxide Solutio0 g/L)—Dissolve 40.0 g

provided with an outlet of approximately 6-mm inside diam- ; : ;
eter. Connections shall be provided at top and bottom fooiflust(édtlgrr; Ir_\ydromde (NaOH) in 800 mL. of water. Cool and

admission and removal of solutions as described in Section 1 ~9.5 Thymol Blue Indicator SolutioaDissolve 0.1 g of

Adequate means for measuring and regulating flow shall b«ﬁ1 Ly
: ; ) mol blue (thymol sulfonphthalein) in 10.75 mL of 0.02 N
provided. Calibrate the column in such a manner that th :ZOH so?uti(gnyDiIuteuto 220 mL vlvit)hlwater

volume readings required by the method can be made. Make al 9.6 Tropaeolin O Indicator Solutioa-Dissolve 0.10 g of

measurements at 25 5°C. . . tropaeolin O (p-benzene-sulfonic acid-azoresorcinol) in 50 mL
8.1.2 Support for the sample, so designed that the distancey \vater and dilute to 100 mL in a volumetric flask.

from the sample to the column outlet is at least 50 mm.
Suggested supports are corrosion-resistant screen or poroi8. Procedure

plate. 10.1 Adjust the temperature of the water and all solutions to
8.2 Draining Apparatus(Fig. 2): be used in the procedure to 25 5°C and maintain this
8.2.1 Buchner-Type Funnglcontaining a 125-mm filter temperature throughout the test.

paper and supported in a 1-L suction flask. 10.2 Transfer the entire sample as received to a 2-L beaker
8.2.2 Open-Arm Mercury Manometerconnected by a using water to rinse out the container. Adjust the water level to

T-tube to a vacuum train. the sample level. Let stand a minimum of 1 h. Mix thoroughly
8.2.3 Gas-Humidifying Towerof at least 500 mL capacity, and transfer a representative sample to fill a 400-mL beaker.

two thirds filled with glass beads or similar material. 10.3 Fill the pretreatment column one half full of water.
8.2.4 Vacuum Pumpcapable of creating a pressure differ- Transfer the entire contents of the 400-mL beaker to the

ential 40 mm Hg below atmospheric pressure. column using additional water if necessary.
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Open-end Vacuum -tight
Manometer Cover
\ f )
S GBI A0l Sample
A RTY 1 S N
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___________ o
Buchner Filter Paper Z % %\
To Asplrator Furnel
——————————
Packed oo% 3
Humidifying 800 0
Tower 503 S
o4l o
OOO
\ % 5
Air Bleed 50 q
00 %
Ot O]

FIG. 2 Typical Arrangement of Water-Draining Apparatus

10.4 Backwash with water using a flow rate that will 10.7 Allow the bed to settle and then drain off the water at
maintain a 50 % expansion of the bed. Adjust the backwash rate of approximately 100 mL/min until the water level is 20
outlet tube to a height above the bed equal to 75 % of the betb 30 mm above the top of the bed. Estimate the volume of
height. Continue backwashing for a minimum of 10 min orion-exchange resin in millilitres.
until the effluent is clear. For mixed bed samples proceed in 10.8 Determine the amount of reagent and the flow rate
accordance with 10.5. For single component samples, proceedquired for the initial pretreatment from Table 1 using the
in accordance with 10.6. sample volume determined in 10.7.

10.5 If the sample is a mlx_ed bed’_ displace the ,baCkwa‘Sh Note 1—Caution: Swelling of the resin in the column may occur in
water from the bed by slowly introducing NaCl solution (100 gypsequent steps.

g/L) at the bottom of the column and allowing it to ﬂOW. 10.9 Pass the specified volume of reagent through the bed at
upward through the sample. When the water has been dlst:- o . S
. . . .~ The specified rate until only a 20 or 30 mm layer of liquid

placed, increase the flow rate until the anion-exchange resin I3 mains above the bed. Rinse the bed with two sample volumes
separated from and suspended above the cation-exchanﬁfawater at the same réte P
resin. Lower the backwash outlet tube as required to siphon o . :

) ) S 10.10 Determine the amount of reagent and the flow rate
the anion-exchange resin, collecting it in a separate pretreat- ~ " :

. rFquwed for the second pretreatment from Table 2 using the

ment apparatus. Exercise care to prevent the removal Q . ) .

. T . ample volume determined in 10.7. Note that this second
cation-exchange resin in this operation. When the transfer O?retreatment is not used for some methods
the anion-exchange resin is complete, discontinue the flow dt 10.11 Pass the specified volume of rea. e.nt throuah a bed at
NacCl solution. If the separation of anion and cation—exchang?he s ecified rate lE)ntiI onlv a 20 to 30-?nm laver gof liquid
resins has not been complete and a mixed band is left in the P 1y . y d
remains above the bed. Rinse the bed with one sample volume

center, repeat the siphoning procedure to remove this bano water at the same rate. Increase the rinse rate to 100 mL/min.

from the cation-portion of the sample. This mixed material thatRmSe for 15 min. Thereafter test successive 100-mL portions

should not constitute more than 5% of the original sample f the effluent from anion-exchange resins by adding two drops
volume, is not included in subsequent tests. If more than 5 o5 ) y 9 P

of the sample remains unseparated, the separation should 8f8thymol blue indicator solution. Continue rinsing until a 100
repeated using NaCl solution (240 g/L). In either case proceed

with the separated anion and cation components as separate TABLE 1 Requirements for Initial Pretreatment
samples as described in 10.6. Anion-Exchange Cation-Exchange
10.6 Allow the resin to settle until the liquid level is 20 to 30 Resins Resins

mm above the top of the bed, and estimate its volume. Pas&agent NaOH HCl
NaCl solution (100 g/L) downflow through the single compo- Concentration 40 glL 1+9
nent sample or the separated components of the mixed bed e e 8 sample volumes 8 sample volumes
resin at the approximate rate of 0.133 mL/min/mL of sampleriow rate, mL/min-mL sample 0.133 0.133
for 1 h. Discontinue the flow of NaCl solution. Backwash with Regeneration level:

. i S b/t 3 20.0 21.2
water for 10 min at a flow rate sufficient to maintain a 50 % 390 340

expansion of the bed. Discontinue the flow of water.
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TABLE 2 Requirements for Second Pretreatment rectly dependent on the ionic form of the material, careful
Anion-Exchange Cation-Exchange preconditioning of both original and used samples to known
Resins Resins ionic forms as outlined in Section 7 is essential when such
Reagent HCl NaOH comparisons are made.
Concentration 1+9 40 g/L
\églrl:tr::t rtierg:ued Eli ﬁample volumes g;ar:nple volumes 14. Procedure
Flow rate, mL/min-mL sample 0.133 0.133 14.1 Weigh three approximately 5-g representative samples
Rﬁgﬁtnfrat'on level: 1 100 of material pretreated in accordance with Section 10 to the
gL 340 160 nearest 1 mg into previously tared weighing vessels.

14.2 Dry the samples for 1& 2 h at 104= 2°C.
14.3 Remove the samples from the oven. Cool 30 min in a

mL portion of the effluent remains yellow (pH > 2.5) on the desiccator, and reweigh.
addition of the_: mdpator. Test the effluent from the catlon-%S_ Calculation
exchange resins in the same manner with two drops o ) o
tropaeolin-O indicator solution. Continue rinsing until a 15.1 Calculate the water retention capacity, in percent, as
100-mL portion of the effluent remains yellow (pH < 1Ben  follows:
the addition of the indicator. water retained, % [(A — B)/A] X 100 1)

10.12 Remove the ion-exchange resin from the pretreatment
column, discarding any extraneous material that may have"
accumulated at the bottom of the bed. Transfer the resin to th§
Buchner funnel of the draining apparatus that has been fitte
with a medium porosity filter paper. Drain the water to the top15. Report
of the sample using suction if required. Cover the funnel with
a suitable vacuum-tight cover, which is fitted with an inlet for
air from the water-filled humidifying tower. Apply sufficient
suction to maintain a pressure differential of 405 mm Hg  17. Precisio§ and Bias
below atmospheric pressure. Continue passing humidified air
through the sample for 10 min.

10.13 Transfer the entire drained sample to a clean, dry,
(1-qt.), wide-mouthed bottle with a screw top or other vapor-

here:
= amount of wet sample used, g, and
= amount of dry sample obtained, g.

16.1 Report the percent water retained as the average of the
three values obtained.

17.1 Precision—The precision of this test method of deter-
1_[nining water retention capacity of ion exchange resins may be
expressed as follows:

tight closure. Sr = 0.01%
S = 0.004&
TEST METHOD B—WATER RETENTION CAPACITY
where:
11. Scope Sr overall precision,

single-operator precision, and

= water retention capacity determined in percent.
17.1.1 Information given for the precision statement is
derived from round robin testing in which eight laboratories,
12. Summary of Test Method including ten operators, participated. Four samples were in-

12.1 This test method consists of the determination of th&!uded in the testing. The range of water retention capacity in
loss of mass on drying at 104 2°C. the samples tested was 40 to 60 %.

17.2 Bias—lon exchange resins are the product of a com-

13. Significance and Use plex, multiple step synthesis involving a polymerization reac-

13.1 The water retention capacity of an ion-exchange mat_ion followed by one or more additional reactions to place

terial is proportional to its pore volume. For new materials ofiunctional groups on the polymeric structure. Consequently,

the same functionality and polymer type, higher values indicaté€ true value for any property of the finished product is

lower effective crosslinking. Increases in water retention caunknown and a bias statement cannot be given.

pacity of used materials as compared with the values for newTesT METHOD C—BACKWASHED AND SETTLED
material serve as an indicator of polymer decrosslinking: DENSITY
decreases may indicate either loss of functionality or fouling of
the ion-exchange material. Since the numerical value is di18. Scope
18.1 This test method covers the determination of the

backwashed and settled density of ion-exchange resin and is
Lrgtended for testing both new and used material.

11.1 This test method covers the determination of theSb
amount of water retained by ion-exchange resins and is®
intended for testing both new and used materials.

5Reagent Chemicals, American Chemical Society Specificatidmerican
Chemical Society, Washington, DC. For suggestions on the testing of reagents n
listed by the American Chemical Society, sAealar Standards for Laboratory
Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia
and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville, 8 Supporting data are available from ASTM Headquarters. Request RR:
MD. D19 - 139, and RR: D19 — 1007.
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19. Summary of Test Method x = density determined in g/mL.

19.1 The test method consists of the determination of the 24.1.1 Information given for the precision statement is
backwashed and settled volume of a known number of gram@erived from round robin testing in which eight laboratories,

of chemically pretreated resin. including ten operators, participated. Four samples were in-
o cluded in the testing. Six of the operators ran each sample in
20. Significance and Use duplicate. The remainder were single observations.

20.1 This test method for the determination of backwashed 24.2 Bias—lon exchange resins are the product of a com-
and settled density of a hydraulically classified and settled befilex, multiple step synthesis involving a polymerization reac-
was developed to correlate with the density of ion-exchangd&on followed by one or more additional reactions to place
materials in operating units. Results obtained by this testunctional groups on the polymeric structure. Consequently,
method in a 25-mm (1-in.) column may be expected to agre#he true value for any property of the finished product is
with those obtained in larger diameter units within the over-allunknown and a bias statement cannot be given.
precision limits of the test, but the bias of these results, as
compared with measurements in larger diameters, is toward EST METHOD D—PARTICLE SIZE DISTRIBUTION
lower values.

25. Scope
21. Procedure 25.1 This test method covers the wet sieve analysis of

21.1 Weigh a 200-g sample of resin, pretreated in accorion-exchange materials.
dance with Section 10, to the nearest 0.1 g. Transfer it
quantitatively to a column that has been calibrated every 5 mi26- Summary of Test Method

above the 200-mL volume. 26.1 This test method consists of hand-sieving the chemi-
21.2 Backwash with water for 10 min using a slow rate thatcally pretreated resin in water through a series of standard
will maintain a 50 % expansion of the bed. sieves of progressively decreasing size of opening. The volume

21.3 Allow the bed to settle and then drain at a rate ofretained on each of the sieves is measured.
approximately 100 mL/min until the water level is 20 to 30 mm o
above the top of the bed. Do not jar. Record the volume, ir27. Significance and Use

millilitres, of ion-exchange resin. Repeat the 10-min backwash 27.1 The particle size distribution of ion-exchange materials
until two successive readings of volume agree within 5 mL. is determined in the fully-hydrated state and in known ionic
form to provide a reproducible base for comparison of changes

22. Calculation in size due to particle breakage in use.
22.1 Calculate the backwashed and settled density, in grams

per millilitre as follows: 28. Apparatus

density, g/mL= A/B 2) 28.1 Sieves 203 mm (8 in.) in diameter, conforming to
Specification E 11. A suitable series of such sieves consists of
U.S. Standard Sieves Numbers 8 (2.36-mm), 12 (1.70-mm), 16
(1.18-mm), 20 (850-pm), 30 (600-um), 40 (425-um), 50
I(]300—;1m), 70 (212-pm), and 100 (150-pum).

28.2 Water Bath minimum diameter 305 mm (12 in.);
minimum depth, 152 mm (6 in.).

where:
A = amount of sample used, g, and
B = volume of sample from 21.3, mL.
22.2 Calculate the backwashed and settled density i
pounds (grams) per cubic foot, as follows:

density, Ib/ft® (g/ft %) = C x 62.4 (3)
29. Procedure

29.1 Add sufficient water to the water bath to fill it to the
level of the top rim of a sieve placed on the bottom of it.
23. Report 29.2 Fill a 100-mL beaker with a representative portion of

. . the sample pretreated in accordance with Section 10.
23.1 Report the density of the tested material as the average g o 'IE)ranF;fer the entire sample onto the sieve with the

of that calculated from two volumes that agree within 5 mL. | . . .
argest mesh opening using water as required.

24. Precisiorf and Bias 29.4 Gently raise and lower the sieve through the water

.. . . interface in the bath so as to alternately lift the particles on the
24.1 Precision—The precision of this test method of deter- y b

mining backwashed and settled densitv of ion exchange r isieve and float them off again. Exercise care that none of the
g backwashed and settied density of lon exchange résigaiaria| on the sieve is floated over the edge. Repeat the

may be expressed as follows: operation until no further material passes through the screen.

where:
C = density, g/mL.

Sy = 0.03x 29.5 Remove the sieve from the water bath. Transfer the

S, = 0.00x particles in the bath quantitatively to a suitably-sized beaker.

29.6 Invert the sieve containing the ion-exchange material

Vgrhere:overall orecision in the bath and wash the material from the openings with water.

Remove the sieve and transfer the particles quantitatively to a
suitable-sized graduated cylinder. Tap the material collected in

S

single-operator precision, and
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the graduated cylinder until a constant volume is obtained. Sy = 0.061(for uniformity coefficient
Record this volume in millilitres. and

29.7 Place the sieve of next smaller mesh opening in the 32 1.2 Granular Materials
bath. Pour the particles that passed the first sieve onto it and
adjust the bath level as described in 29.1. Repeat the operation
described in 29.4 to 29.6 using this smaller mesh sieve.

29.8 Repeat the sieving operation with sieves of progres-
sively smaller mesh size until all the sieves in the series haveyhere:

S; = 0.05(for effective size

S; = 0.157(for uniformity coefficieny

been used. After the final sieving, collect and record thes, = overall precision in millimetres for effective size, and
volume of any material remaining in the bath. a dimensionless unit for uniformity coefficient
32.1.3 Information given for the precision statement is
30. Calculation derived from round robin testing in which eight laboratories,
30.1 Calculate the percentage of ion-exchange materiahcluding ten operators, participated. Four samples were in-
retained on each sieve as follows: cluded in the testing, and of these, three were spherically
volume retained, % 100X/S 4) ?haped and one was granular. All tests were single observa-
ions.
where: 32.2 Bias—lon exchange resins are the product of a com-
X = amount of material retained on a particular sieve, mL, plex, multiple step synthesis involving a polymerization reac-
and tion followed by one or more additional reactions to place
2 = summation of all volumes retained by the sieves used functional groups on the polymeric structure. Consequently,
plus the volume passing the smallest sieve, mL.  the true value for any property of the finished product is

30.2 Calculate the cumulative percent retained on eaclinknown and a bias statement cannot be given.
sieve by adding to the percentage retained on it the percentages
retained on all of the sieves used having larger mesh openingd EST METHOD E—SALT-SPLITTING CAPACITY OF
For example: in a series where U.S. Standard Sieves Nos. 8, CATION EXCHANGE RESINS
12, 16, 20, 30, 40, 50, 70, and 100 have been used, th:g
3. Scope

cumulative percent retained on No. 16 equals: _ o
percent retained on No.8 percent retained on No. 12 33.1 This t.e.St ”.‘ethOd covers the determination Of. the
number of milliequivalents of exchangeable hydrogen in a

+ percent retained on No. 16 . h . ficientl idi i | sal
303 Using normal probability paper, p|0'[ the CumulativeCa'tlon-eXC ange resin sufficiently acidic to split neutral salts.

percent retained on each sieve on the probability axis as 4. Summary of Test Method
function of the sieve opening in millimetres on the linear axis.
Draw the best straight line through the points giving greate
weight to the points representing the largest resin fractions.

30.4 On the line drawn as described in 30.3, determine th
sieve openings that will retain 40 and 90 % of the sample. Th
sieve opening in millimetres that will retain 90 % of the sample3s_ Sjgnificance and Use
is the effective size of that sample.

30.5 Calculate the uniformity coefficient of the sample as
follows:

; 34.1 This test method consists of conversion of the sample

to the hydrogen form, elution with sodium chloride solution,

followed by titration of the hydrogen ion exchanged in this
rocess.

35.1 This test method is generally assumed to measure only
the sulfonic acid groups in ion-exchange materials. It should be
pointed out, however, that some phosphonic acid and carboxy-
uniformity coefficient lic acid groups will also exhibit salt-splitting when tested by

this procedure.
_ mesh size(mm) retaining 40 % of the sample P

~ mesh size(mm) retaining 90 % of the sample 3g. Apparatus

©) 36.1 Test Apparatusas shown in Fig. 3 shall consist of a
31. Report filter tube of at least 30-mL capacity having a diameter of at
least 20 mm containing a sintered glass plate of coai$e (
orosity, a 1-L-separatory funnel and a 1-L volumetric flask.
€ 36.2 Electrometric pH Measurement Apparatusonform-
ing to the requirements given in Section 4 of Test Method
D 1293.

31.1 Report the numbers of the sieves used, and the cum
lative percent retained on each. Report also the effective si
and the uniformity coefficient.

32. Precisiof and Bias

32.1 Precision—The precision for this test method of deter- 37. Reagents
mining particle size distribution and uniformity coefficient of  37.1 Carbon Dioxide-Free WaterPrepare carbon dioxide-

ion exchange resins may be expressed as follows: free water by heating Type Il reagent water (see Specification
32.1.1 Spheroidal Materials D 1193) to boiling in a conical flask. Boil vigorously for 10
S; = 0.032(for effective sizg min. Stopper with a one-hole rubber stopper fitted with a

soda-lime drying tube and cool to 25 5°C.
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where:

N

SEPARATORY B
FUNNEL

C

normality of the NaOH solution,
actual amount of KHgH,O, used, g, and
amount of NaOH solution used, mL.

38. Procedure

FILTER TUBE
38.1 Weigh accurately into separate 100-mL beakers, three
SAMPLE Lieuin 10-g representative samples of material pretreated in accor-
SINTEI?DELDATGELASS dance with Section 10.

38.2 Rinse the weighed samples with water quantitatively
into the filter tubes. Fill the separatory funnel with 1 L of HCI
(1 +9). Fill the sample tube with acid and tap to remove air
bubbles. Attach the stem of the funnel to the filter tube with a

| LITER suitable-size rubber stopper. Pass the acid through the sample
VOLUMETRIC at a rate of 20 to 25 mL/min, keeping the sample covered with
, FLASK » acid at all times. Drain the liquid to the resin level. Discard the
FIG. 3 Typical Arrangement of Apparatus for Salt-Splitting effluent

C it ; i
apacity 38.3 Rinse the separatory funnel thoroughly with water.

Run water through the acid-treated samples at the rate of 20 to

25 mL/min until the effluent is yellow to methyl orange or has

a pH above 3.9. Drain to the resin level and discard the effluent
' water.

38.4 Position a clean 1-L volumetric flask under the tip of
the filter tube. Fill the separatory funnel with 1 L of NaCl
solution (50 g/L). Pass the NaCl solution through the sample at
water. a rate of 20 to 25 mL/min keeping the sample covered with

37.4 Phenolphthalein Indicator Solution(5.0 g/L)—  gq|ytion at all times. Collect the effluent in the volumetric flask.
Dissolve 0.5 g of phenolphthalein in 50 mL of 95 % ethanol Discontinue the flow of the liquid when 1.0 L has been
(see Note 2). Transfer to a volumetric flask and dilute to 10Qyj1ected.

mL with water.

37.2 Hydrochloric Acid(1 + 9)—Carefully pour 100 mL of
hydrochloric acid (HCI, sp gr 1.19) into 500 mL of water
stirring constantly. Cool to 25- 5°C and dilute to 1 L.

37.3 Methyl Orange Indicator Solutio(0.5 g/L)—Dissolve
0.05 g of methyl orange in water and dilute to 100 mL with

38.5 Stopper and mix the NaCl effluent thoroughly. Pipet
Note 2—Specifically denatured ethyl alcohol conforming to Formula out three 100-mL portions of each sample of effluent. Add 2
3A or 30 of the U.S. Bureau of Internal Revenue may be substituted fodrops of phenolphthalein indicator solution to each and titrate
95 % ethyl alcohol. with 0.1 N NaOH solution to the first pink color that will
37.5 Sodium Chloride Solutio60 g/L)—Dissolve 50 g of persist on 15-s swirling, or titrate elec_trometric_ally to a pH _of
sodium chloride (NaCl) in 800 mL of water and dilute to 1 L. 8.2. Record the volume of NaOH solution used in each titration
37.6 Sodium Hydroxide Solution50 %—Prepare a satu- to the nearest 0.01 mL. Use the average of the three titrations

rated solution by dissolving 162 g of sodium hydroxide fOr €ach sample ag.
(NaOH) pellets in 150 mL of carbon dioxide-free water. Cool

to 25+ 5°C and decant the free liquid. Store in a plastic bottle.39' Calculation

37.7 Sodium Hydroxide Solution Standa(®.10 N)— 39.1 Calculate the salt-splitting capacity in milliequivalents
Measure 5.45 mL or 8.0 g of 50 % sodium hydroxide (NaOH)Per wet gram as follows:
solution into a 10 mL graduated cylinder. Rinse itorg 1 L milliequivalents cationic saltsplitting capacity
volumetric flask with carbon dioxide-free water at 255°C, wet gram = (EXNX10W
dilute to 1 L with like water and mix well. Standardize )
monthly. Where:

37.7.1 To standardize, dry approximately 10 g of primary g = 5yerage millilitres of NaOH solution required for the
standard grad_e potassium hydrogen pht_halate (._k,;(-l:lro 4 in _ titration in 38.5,
a glass container at 120°C for 2 h. Cool in a desiccator. Weighy, = \yet grams of the sample, and
accurately three 1.00-g samples of the dried potassium hydron = normality of NaOH solution used.

gen phthalate and transfer to separate 250-mL conical flasks.39.2 Calculate the cationic salt-splitting capacity in mil-
Add 100 mL of carbon dioxide-free water and stir gently tO”equiva'entS per dry gram as follows:

dissolve the sample. Titrate with the 0.NONaOH solution milliequivalents cationic saftspliting capacit
electrometrically to a pH of 8.2 or add two drops of phenol- g dry gram PINg capacty_ H/(1 — (M/100))
phthalein indicator solution and titrate to the first pink that ®)
persists for 15 s with swirling.

37.7.2 Calculate the normality of the NaOH solution as where:
follows: H = milliequivalents cationic salt-splitting capacity per

wet gram, and

N = B/(0.20423x C) (6)
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M = percent water retained as determined in accordancé4. Significance and Use
with Sections 11-17. 44.1 This test method is generally used for ion-exchange

39.3 Calculate the cationic salt-splitting capacity in mil- materials that contain functional groups other than or in
liequivalents per millilitre of back-washed and settled materialsaddition to sulfonic acid groups.

as follows:
milliequivalents cationic saltsplitting capacity Hxc (9 45. Apparatus
millilitre settled bed - ©) 45.1 Test Apparatusas described in 36.1 and shown in Fig.
where: 3
H = milliequivalents cationic salt-splitting capacity per 45.2 Electrometric pH Measurement ApparafLenform-

ing to the requirements in Section 4 of Test Methods D 1293.
45.3 Vacuum Pumpcapable of creating a pressure differen-
tial of 40 mm Hg below atmospheric pressure.
45.4 Flasks or Bottles500-mL, with glass stoppers.

wet gram, and
C = wet, settled density, in grams per millilitre, as deter-
mined in accordance with Sections 18-24.

40. Report
40.1 Report the cationic salt-splitting capacity as the averfls' Reagents
age of the results of the three samples. 46.1 Bromcresol Green Indicator Solutiorfl g/L)—
Dissolve 0.1 g of bromcresol green in 2.9 mL of 0N3odium
41. Precisiorf and Bias hydroxide (NaOH) solution. Dilute to 100 mL with water.

41.1 Precision—The precision for this test method of deter-  46.2 Carbon Dioxide-Free WaterSee 37.1.
mining salt-splitting cation exchange capacity of ion exchange 46.3 Hydrochloric Acid(1 + 9)—See 37.2.
materials may be expressed as follows: 46.4 Hydrochloric Acid, Standard Solution(0.10 N)—
Measure 8.5 mL of hydrochloric acid (HCI, sp gr 1.19) into a

Sr = 0.075 10-mL graduated cylinder. Rinse it into a 1-L volumetric flask
So = 0.084 and dilute to 1 L with water at 25 5°C. Mix well.
where: 46.4.1 To standardize, dry primary standard sodium carbon-
Sy = overall precision in meg/dry g, and ate at 250°C fo4 h ar!d cool i.n a desiccator. Weigh three
S, = single operator precision in meg/dry g. 0.22-g samples of dried sodium carbonate into separate

41.1.1 Information for the precision statement is derived290-mL conical flasks. Titrate electrometrically to a pH of 3.9
from round-robin testing in which five laboratories, including OF colorimetrically using bromcresol green indicator.
ten operators, participated. Six laboratories are required by the 46.4.2 Calculate the normality of the HCI as follows:
1986 edition of Practice D 2777; however, this interlaboratory N, = D/(0.05299% E) (10)
test was performed at a time when five was acceptable. Four
samples were included in the round-robin test, and of theseWhere:
three were new resin and the other had been used in aA
commercial unit for some period of time. Two laboratories ran
tests in duplicate, two in triplicate and the fifth ran four to six
replicates.

normality of HCI,

actual amount of NACO ; used, g, and
amount of HCI used, mL.

46.5 Isopropyl Alcohal neutral.

41.2 Bias—lon exchange resins are the product of a com- 46.6 Methyl Orange Indicator Solutiof0.5 g/L)—See 37.3.

plex, multiple step synthesis involving a polymerization reac—374§f'7 Phenolphthalein  Indicator Solutior(5.0 g/L)—See
tion followed by one or more additional reactions to place™ : . . . 0
functional groups on the polymeric structure. Consequently, 46.8 Sodium Hydroxide Solutigib0 %—See 37.6.

- .2 46.9 Sodium Hydroxide Solution, Standa@.10 N) in
the true value for any property of the finished product is . . . .
: : Sodium Chloride Solutiof50 g/L)—Dissolve 50.0 g of so-
unknown and a bias statement cannot be given. dium chloride (NaCl) in 500 mL of carbon dioxide-free water

TEST METHOD F—TOTAL CAPACITY OF CATION- in a 1-L volumetric flask. Ad 8 g of 50 %sodium hydroxide
EXCHANGE RESINS (NaOH) solution to the NaCl solution and rinse the graduate
with carbon dioxide-free water. Dilute to 1 L with carbon
42. Scope dioxide-free water at 25 5°C and mix well. To standardize,

42.1 This test method covers the determination of the tota$e€ 37.7.1 and 37.7.2.
number of milliequivalents of exchangeable hydrogen in a

cation-exchange resin. 47. Procedure
47.1 Weigh into separate 100-mL beakers, three 2.00 g
43. Summary of Test Method samples of material pretreated in accordance with Section 10.

43.1 This test method consists of conversion of the sample 47.2 Rinse the weighed samples with water quantitatively
to the hydrogen form, equilibration within a known excess ofinto the filter tubes of the test apparatus. Fill the separatory
standard sodium hydroxide solution in the presence of sodiurfunnel with 1 L of HCI (1 + 9). Fill the sample tube with acid
chloride, followed by titration of the residual hydroxide ion and tap to remove air bubbles. Attach the stem of the funnel to
with standard acid. the filter tube with a suitable size rubber stopper. Pass the acid
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through the sample at a rate of 20 to 25 mL/min keeping thé&0. Precisiolf and Bias

sample covered with acid at all times. Drain the liquid to the 50 1 precision—The precision of this test method may be
resin level and discard the effluent. expressed as follows:

47.3 Rinse the separatory funnel thoroughly with water and S, =0.089
then with isopropyl alcohol. Run isopropyl alcohol through the
acid-treated samples at a rate of 20 to 25 mL/min until 10 mL
of the effluent collected in 10 mL of water is yellow to methyl where:
orange or has a pH above 3.9. S; = overall precision in meg/wet g, and

47.4 Transfer the filter tube to the top of a suction flask andS, = single operator precision in meqg/wet g.
drain the residual alcohol from the resin using a vacuum pump. 50.1.1 Information given for the precision statement is
Continue to aspirate until the Samp]e is free_ﬂowing_ derived from round-robin testing in which seven laboratories,

47.5 Transfer the samples quantitatively to 500-mL flasks of1cluding seven operators, participated. Six samples were

bottles. Pipet in exactly 200 mL of standard NaOH solution!ncluded in the testing, and of these, five were new resins and
(0.1 N).in NaCl. Stopper immediately and mix well. one had been used in a commercial unit for some period of

. time. All samples were tested in triplicate with the exception of
47.6 A"OV\( samples to equilibrate for 16 h. ) one in one ofpthe laboratories that?/vas tested in duplicgte. Data
47.7 Remix and allow the samples to settle. Pipet out thregy; one sample submitted by one laboratory was omitted. Data
50-L portions of each sample taking the necessary precautiongas not submitted by one laboratory (not necessarily the same)
to avoid drawing resinous material up into the pipet. Titratefor three of the samples. Data was not submitted for two of the
electrometrically with standard HCI (ON) to a pH of 8.2 or samples by one laboratory.
colorimetrically using phenolphthalein indicator. Record the 50 2 Bias—Ion exchange resins are the product of a com-
volume of HCI used in each titration to the nearest 0.01 mLpleX, mu|t|p|e Step Synthesis invo'ving a po'ymerization reac-
Use the average of the three titrations for each sample as  tjon followed by one or more additional reactions to place
functional groups on the polymeric structure. Consequently,
48. Calculation the true value for any property of the finished product is

48.1 Calculate the total cation-exchange capacity in mil-unknown and a bias statement cannot be given.
liequivalents per wet grang,,, as follows:

S = 0.029

TEST METHOD G—PERCENT REGENERATION OF

Cw = [(200X Ng) — (F X Ny X 4)] /W 1) HYDROGEN-FORM CATION-EXCHANGE RESINS
where:
F = average millilitres of HCI required for the titration in 51. Scope
47.7, 51.1 This test method covers the determination of the
W = wet grams of the sample, percentage of ion-exchanging groups in a cation-exchange
N, = normality of HCI used, and resin that is in the hydrogen form.
Ng = normality of NaOH solution used.
48.2 Calculate the total cation exchange capacity in mil22. Significance and Use
liequivalents per dry granCy, as follows: 52.1 This test method is intended for the evaluation of new
Cy = Gy /(1 — (M/100) (12)  cation-exchange resin sold in the hydrogen form or for samples
taken from operating units where acid is used as the regenerant.
where: In the latter case it is used as a measure of the efficiency of the

Cw = milliequivalents of total cation-exchange capacity regeneration procedure since the resin sample is not pretreated.
per wet gram, and
M = percentage water retained as determined in accor53. Apparatus

dance with Sections 11-17. 53.1 Test apparatus required is described in Section 36 and
48.3 Calculate the total cation exchange capacity in mil+ig, 3.

liequivalents per millilitre of back-washed and settled material,
C,, as follows: 54. Reagents

Cc,=C,xC (13) 54.1 Carbon Dioxide-Free WaterSee 37.1.

54.2 Hydrochloric Acid(1 + 9)—See 37.2.

54.3 Hydrochloric Acid, Standard Solutio0.10 N)—See
46.4.

54.4 1sopropyl Alcoho| neutral.

54.5 mMethyl Orange Indicator Solutioif0.5 g/L)—See

where:

C, = milliequivalents of total cation exchange capacity per
wet gram, and

C = wet, settled density as determined in accordance with
Sections 18-24, g/mL.

37.3.
49. Report 3752.6 Phenolphthalein Indicator Solutior{5.0 g/L)—See
49.1 Report the total cation exchange capacities as the 54.7 Sodium Chloride Solutio(60 g/L)—See 37.5.
average of results of the three samples. 54.8 Sodium Hydroxide SolutierSee 37.6.
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54.9 Sodium Hydroxide, Standard Solutigd.10 N)—See 58. Precisiorf and Bias

37.7. _ _ _ _ 58.1 Precision
54.10 Sodium Hydroxide, Standard Soluti¢d.10 N) in 58.1.1 The precision of this test method for the determina-
Sodium Chloride Solutio(60 g/L)—See 46.9. tion of the percent regeneration of cationic salt-splitting

capacity may be expressed as follows:
55. Procedure

6.00 [(Eg X Ng)
55.1 For salt-splitting cation capacity only: STTEX Ng [(EX—NE) 1] (16)
55.1.1 Weigh into separate 100-mL beakers, three 10.0 g 438 [(Eq X Ng)
representative samples of the material as received. So= EX N {W + 1] 17)

55.1.2 Rinse the weighed samples with water quantitatively
into the filter tubes of the apparatus described in Section 36.Where:
55.1.3 Proceed in accordance with 38.4 and 38.5. RecordsT
average titrations aBg. Sso

overall precision, %,
single-operator precision, %,

55.1.4 Using the same sample, begin the procedure deﬁR Z ﬁ\(;frrnaaglﬁy“gﬁilt?gr:?ir?séé.%SmL,
scribed in 38.2 at the point “Fill the separatory funnel .. .”, and g®  _ average titration in 55 1.4 mL. and
continue through 38.3, 38.4, and 38.5, recording the secon(ﬁE = normality of titrant in 551.4.

titration average ak. 58.1.2 The precision of this test method for the determina-

55.2 For total cation capacity: tion of the percent regeneration of total cationic groups may be
55.2.1 Weigh into separate 100-mL beakers, three 2.00 gxpressed as follows:

portions of material as received.
55.2.2 Proceed in accordance with 47.2 through 47.7. S = %[% + 1]8,, = %[%‘”—: + 1]
55.2.3 Weigh into separate 500-mL bottles of flasks, three

2.00-g portions of material as received. Continue with thewhere:

procedure described in 47.5 at the point “Pipet in exactly 2005y overall precision, %,

mL . .."” and continue through 47.7. Record the average of the = single-operator precision, %,
second titration a&. Cwr = received cation-exchange capacity in milliequiv-

alents per wet gram calculated in 56.2.2, and
total cation-exchange capacity in milliequivalents
) o o per wet gram calculated in 56.2.1.

56.1 Percent Regeneration of Cationic Salt-Splitting 58 1 3 |nformation given for the precision statements is
Capacity—Calculate the percent regeneration of cationic saltgerived from round-robin testing in which five laboratories,

splitting cation-exchange capacity as follows: including five operators, participated. Six laboratories are

Cw

56. Calculation

Percent regeneration of cationic salt-splitting required by the 1986 edition of Practice D 2777; however, the

capacity= [Er X Ng)/(E X Ng)] X 100 (14) interlaboratory test was performed at a time when five was

acceptable. Four samples were included in the round-robin test.

where: o One laboratory tested all samples in duplicate; two tested all
Er = average titration in 55.1.3, mL,

samples in triplicate, and one tested three samples in quadru-

Ng = normality of titrant in 55.1.3 : -

B R ' plicate and one sample six times.
E = average titration in 55.1.4, mL, and - ; )
Ne = normality of itrant in 55.1.4. 58.2 Bias—lon exchange resins are the product of a com

: . . plex, multiple step synthesis involving a polymerization reac-

56'5 Perceint IRegehneranc?n Of, Total Chatlon Capanl_ty . _Ition followed by one or more additional reactions to place
_96.2.1 Calculate the total cation exchange capacity in Milynciional groups on the polymeric structure. Consequently,
liequivalents per wet grang,, as shown in 48.1, using titration the true value for any property of the finished product is

F from 55.2.2. ) ) ) unknown and a bias statement cannot be given.
56.2.2 Calculate the cation exchange capacity as received in

milliequivalents per wet granC,,, as shown in 48.1, using TEST METHOD H—TOTAL AND SALT-SPLITTING

titration F g from 55.2.3. CAPACITY OF ANION-EXCHANGE RESINS
56.2.3 Calculate the percent regeneration of cation groups
as follows: 59. Scope
(Cwr/Cy) X 100 = percent 59.1 The test method covers the determination of the total

regeneration of total cationic groups to hydrogen form number of milliequivalents of exchangeable chloride in a test
(15 method anion-exchange material and also the number of
milliequivalents of exchangeable chloride capacity associated
S7. Report with functional groups sufficiently basic to split neutral salts.
57.1 Report the percent regeneration of salt-splitting cation
groups to the hydrogen form or the percent regeneration of0- Summary of Test Method
total cationic groups to the hydrogen form as the average of the 60.1 This test method consists of conversion of the sample
results of the three samples. to the chloride form, elution of chloride from nonsalt-splitting

10
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groups with ammonium hydroxide, the subsequent elution of 63.9 Potassium Chromate Solutigp0 g/L)—Dissolve 5.0
chloride from salt-splitting groups with sodium nitrate, fol- g of potassium chromate (KrO,) in 50 mL of water. Dilute to
lowed by the determination of chloride ion in the separatel00 mL with water.

eluates. 63.10 Silver Nitrate, Standard Solution(0.10 N)—Dry
crystalline silver nitrate (AgNg) at 105°C fo 1 h and cool in
61. Significance and Use a desiccator. Weigh out 1% 0.05 g. Transfer to a 1-L

61.1 Anion-exchange materials are available in a broad©lumetric flask with water. Dissolve in 500 mL of water and

spectrum of base strengths, the true nature of which can onfjix thoroughly. Dilute to 1 L with water at 25 5°C. Mix
be determined by titration curve measurements. In commercid€!l: Store the solution in a tightly-stoppered amber glass

application to the treatment of water, however, they are usuall?o"“e- , . ,
characterized by their ability to split neutral salts or “salt- ©3:10.1 To standardize, dry approximgt&l g of sodium

splitting capacity” and their total capacity for strong acid chloride (NaCl) in a glass container at 105°C for 2 h. Cool in
removal. As a general rule materials with salt-splitting capacity? desiccator. Weigh accurately three 0-28.01-g portions of

have guaternary ammonium groups in their structure. They ar&€ dried NaCl and transfer to separate 250-mL conical flasks.
capable of reactions such as: Add 100 mL of water and swirl to dissolve the NaCl. Pipet in

1 mL of K,CrQ, solution (50 g/L) and titrate with the 0.1 N
R — CH N + ROH ™ + Na'NO; AgNO, standard solution with vigorous swirling until the color
~ RCHN'R3NO; ~ + Na ™ + OH "~ of the solution changes from yellow to red-orange and persists
in neutral waters and are also capable of removing anions dbr 30 s.

weak acids such as silicic acid from water. Anion-exchange 63.10.2 Calculate the normality of the AgNGtandard
materials without split-splitting capacity, that may containsolution as follows:
primary, secondary, or tertiary amine groups as functionality, N = D/(0.05845X E) (18)
either singly or in combination, are primarily used to remove
anions from acidic waters, as, for example, those obtained byvhere:
passage through the hydrogen form of a cation-exchange resif\
The multiplicity of the amine groups available and the fact that D
base strength reflects the entire polymer structure and not ju e
that of the functional groups, implies that any method that titration, mL. _
separates materials into only two categories must be somewhat®3-11 Sodium Chloride Solutio60 g/L)—See 37.5.
arbitrary. The test methods outlined herein are based on the 63:12 Sodium Nitrate Solutio20 g/L)—Dissolve 20 g of
combined experience of representatives of 20 laboratorie§Cdium nitrate (NaN@) in 500 mL of water. Mix and dilute to
They have been tested on a variety of commercially availabld L
anion-exchange materials of different chemical structure. The¥,4 Procedure
are of use not only in determining the capacity of new ™ ™ o
materials, but for following the changes in capacity of mate- 64.1 Weigh into separate 100-mL beakers three 10.0-g
rials that have been in service. In latter case the interpretatiofgPresentative portions of the material pretreated in accordance

of the results is greatly simplified by comparison with theWith Section 10.

normality of the AgNQ standard solution,
weight of NaCl used, g, and
amount of AgNQ standard solution required for the

tubes with water. Fill three separatory funnels with 1 L each of
62. Apparatus HCI (1 + 9). Fill the sample tubes with acid and tap to remove

r bubbles. Attach the stems of the funnels to the filter tubes
ith rubber stoppers of suitable size. Pass the acid through the
samples at the rate of 20 to 25 mL/min, keeping the samples
covered with acid at all times. Drain the liquid to the sample
63. Reagents level. Discard the effluent.

63.1 Ammonium Hydroxidg(1 + 19)—Carefully pour 50  64.3 Rinse the separatory funnels thoroughly with water and
mL of ammonium hydroxide (NEDH, sp gr 0.90) into 500 mL  then with three 10-mL portions of isopropyl alcohol. Run
of water, stirring constantly. Cool to 25 5°C and dilute to 1  isopropyl alcohol through the acid-treated samples at the rate

62.1 Test apparatus required is described in Section 36 aq?é
shown in Fig. 3.

L with water. Mix well. of 20 to 25 mL/min until a 10-mL portion of the effluent mixed
63.2 Bromcresol Green Indicator Solutiofl g/L)—See  with 10 mL of water is yellow to methyl orange or has a pH
46.1. above 3.9. Drain to the sample level and discard the effluent

63.3 Hydrochloric Acid(1 + 9)—See 37.2. alcohol.
63.4 Hydrochloric Acid, Standard0.1 N)—See 46.4. 64.4 Rinse the volumetric flasks thoroughly with water and
63.5 Isopropyl Alcohal reposition them under the tip of the filter tubes. Add 500 mL of

63.6 Methyl Orange Indicator Solutio(0.5 g/L)—See 37.3. NH ,OH (1 + 19) through the samples at the rate of 20 to 25

63.7 Nitric Acid (1 + 9)—Pour one volume of nitric acid mL/min, keeping the sample covered at all times. When the
(HNOg, sp gr 1.42) into nine volumes of water and mix separatory funnels are empty, rinse them thoroughly and refill
thoroughly. with water. Rinse the samples with water at the rate of 20 to 25

63.8 Phenolphthalein Indicator Solutiofd g/L)—See 37.4. mL/min. Collect the water rinse in the volumetric flasks with

11
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the NH,OH effluent, discontinuing the flow of liqguid when 1L 65.2 Calculate the total anion-exchange capacity per wet

of combined solution has been collected. gram as follows:
64.4.1 Mix the combined effluents thoroughly. Pipet three milliequivalents total aniorexchange capacity
100-mL portions of each into separate 250-mL conical flasks. wet gram
Add three drops of methyl orange indicator solution to each
flask. Add HNQ(1 + 9) dropwise until the solution is red. Add = (10[(F + H) X N] — 10[G X N ])/W (20)

NH,OH (1 + 9) dropwise until the solution is again just yellow.

Pipet in 1 mL of K,CrO, solution (50 g/L) into the flask and  Where: - .

titrate with vigorous swirling with the 0.N AgNO; standard = average m|II|I|t(es pf AQ.NQ standard solution re-

solution until the supernatant liquid changes from yellow to _ quired for the titrations in 64.4.1,

red-orange and the color change persists for 30 s. Record thg = average _m|II|I|tres of 0.IN HCI required for the

number of millilitres of AGNO 5 standard solution used to tirations in 64.5.1, .

+0.02 mL ask. avgra(ljg? m|rI]I|I|tres _of AgNQ standard solution re-
64.5 Position another 1-L volumetric flask under the tip of \(/qvueltregra?nrsto? gr;téaélggsblgfl.6.l,

each filter tube. Place 200 mL of NaCl solution (50 g/L) in each normality of AgNO; standard solution, and

of the separatory funne!s and pass it through the sample at. th§:|A normality of 0.1N HCI.

rate .Of 20 to 2.5 mL/m_m, keeping the sample covered with 65.3 Calculate the anionic salt-splitting capacity in mil-

solution at all times. Rinse the separatory funnels thoroughl)lliequiv‘,Jllents per dry gram as follows:

with water to remove all traces of chloride. Wash the samples '

with water at the rate of 20 to 25 mL/min, collecting the Milliequivalents anionic sattsplitting capacity o /11 - (M/100]

washings in the flask with the NaCl effluent. Continue washing dry gram

H

until 1 L of combined solution is collected. (21)
64.5.1 Mix each combined effluent thoroughly. Pipet three where:

100-mL portions of each into separate 250-mL conical flasks.K = milliequivalents anionic salt-splitting capacity per

Titrate with 0.1 N HCI electrometrically to a pH of 3.9 or wet gram, and

colorimetrically using 1 drop of bromcresol green indicator M = percent water retained as determined in accordance

solution. Record the millilitres of 0. HCI used to+0.02 mL with Sections 11-17.

asG. 65.4 Calculate the total anion-exchange capacity in mil-

64.6 Position another 1-L volumetric flask under the tip ofliequivalents per dry gram as follows:
each filter tube. Fill the separatory funnels with NaNO milliequivalents total anion exchange capacity
solution (20 g/L). Pass this solution through the samples at the Y gram =L/[1— (M/100]
rate of 20 to 25 mL/min until 1 L of effluent has been collected, (22)
keeping the sample covered with liquid at all times.

64.6.1 Mix each NaNgQ effluent thoroughly. Pipet three Where:

100-mL portions of each into separate 250-mL conical flasks.. = milliequivalents total anion-exchange capacity per
Add one drop of phenolphthalein indicator solution and one wet gram, and _ _

drop of methyl orange indicator solution to each flask. Add M = Ppercent water retained as determined in accordance
HNO,(1 +9) or NH,OH (1 +19) dropwise as required to with Sections 11-17.

adjust the pH into the range where the phenolphthalein 65.5 Calculate the anionic salt-splitting capacity in mil-
indicator solution is colorless and the methyl orange indicatoliequivalents per millilitre of back-washed and settled material
solution is yellow. Add 1 mL of KCrO , solution (50 g/L). as follows:

Titrate with vigorous _swirling with standard 0.4 AgNO3 _ milliequivalents anionic saftsplitting capacity
standard solution until the color of the supernatant liquid millilitre =KxC (23
changes from yellow to red-orange and persists for 30 s.
where:
65. Calculation K = miIIiequivglIents anionic salt-splitting capacity per wet
_— . L . gram, an
_ 65.1 Calculate the anionic salt-splitting capacity in mil- ¢ = \yet, settled density, as determined in accordance with
liequivalents per wet gram as follows: Sections 18-24, g/imL.
milliequivalents anionic sattsplitting capacity 65.6 Calculate the total anion-exchange capacity in mil-
wet gram liequivalents per millilitre of back-washed and settled material
= (H % N X 10//W 19) as follows:
milliequivalents total aniorexchange capacity
where: . _ millilires settled bed =LxC (24
H = average millilitres of AgQNO; standard solution re-
quired for the titrations in 64.6.1, where:
W = wet grams of the sample, and L = milliequivalents total anion-exchange capacity per
N = normality of AQNGQ, standard solution. wet gram, and

12
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C = wet, settled density, in grams per millilitre, as deter- basicity that will not exchange hydroxide for chloride but that

mined in accordance with Sections 18-24. are capable of absorbing free mineral acids.
69.2 If the resin contains quaternary ammonium groups,
66. Precisiorf and Bias extreme caution must be taken in handling the regenerated

sample to prevent the absorption of carbon dioxide by the
hydroxide-form resin. Materials sampled for such analysis
should, if possible, be shipped covered with deionized water in
tightly sealed containers and analyzed as soon as practicable

66.1 Precision—The precision of these test methods in
milliequivalents per dry gram may be expressed as follows:
66.1.1 Anionic salt-splitting capacity:

Sy = 0.069 after sampling.
S, = 0.033
and 70. Apparatus
66.1.2 Total anion exchange capacity: 70.1 Test Apparatus- See Section 36 and Fig. 3.
S =0.215 71. Reagents
S, = 0.083 71.1 Bromcresol Green Indicator SolutienSee 46.1.
where: 71.2 Hydrochloric Acid, Standard Solutiofl.0 N)—
S, = over-all precision, meg/dry g, and Measure 85 mL of concentrated hydrochloric acid (HCI, sp gr
S, = single-operator precision, meg/dry g. 1.19) in a 100-mL graduated cylinder. Rinse it into a 1-L

66.1.3 Information given in the precision statement is devolumetric flask and dilute to 1 L with water at 255°C. Mix
rived from round-robin testing involving nine laboratories andWell.
seven samples, of which six were new and one was used in a71.2.1 To standardize, dry primary standard sodium carbon-
commercial unit for some period of time. None of the labora-ate at 250°C fo4 h and cool in a desiccator. Weigh accurately
tories tested all seven samples. Two laboratories tested fiiéree 2.2-g samples of dried sodium carbonate into separate
samples, three tested three samples, and four tested tw®0 mL conical flasks. Titrate electrometrically to a pH of 3.9
samples. The results were reported July 3, 1970. or colorimetrically using bromcresol green indicator to the
66.2 Bias—lon exchange resins are the product of a com-yellow end point.
plex, multiple step synthesis involving a polymerization reac- 71.2.2 Calculate the normality of the HCI as follows:
tion followed by one or more additional reactions to place N, = D/(0.05299x E) (25)
functional groups on the polymeric structure. Consequently,
the true value for any property of the finished product is Where:

unknown and a bias statement cannot be given. o = normality of the HCI,
E = amount of HCl used, g, and
TEST METHOD |—PERCENT REGENERATION OF D = actual weight of N&CO; used, g.
ANION EXCHANGE RESINS 71.3 Hydrochloric Acid, Standard Solutio(0.10 N)—See
46.4.
67. Scope 71.4 Methyl Orange Indicator Solutiof0.5 g/L)—See 37.3.

71.5 Nitric Acid (1 + 9)—See 63.7.

67.1 This test method covers the determination of the -, ¢ Phenolphthalein Indicator Solutiorf5.0 g/L)—See

percentage of anion-exchanging groups regenerated to t

hydroxide ion form, and the total percentage of anionic groups 7'1'7 Potassium Chromate Solutid60 g/L)—See 63.9
regenerated to a form capable of neutralizing free mineral 71.8 Silver Nitrate, Stand Solutiof0.10 N)—See 63'16

acids. 71.9 Sodium Chloride Solutio(60 g/L)—See 37.5.

68. Summary of Test Method 37771.10 Sodium Hydroxide, Solution Standa(@.10N)—See

68.1 This test method consists of the elution of the sample 7111 Sodium Nitrate Solutio20 g/L)—See 63.12.
with sodium chloride and the titration of the hydroxide ion so
removed, the subsequent elution with a known amount of freé2. Procedure
mineral acid and the determination of the acid not neutralized, 72.1 \Weigh rapidly into separate 100-mL beakers contain-
followed by an elution with sodium nitrate and the determina-ing 25 mL of water three 10-g representative as-received

tion of the total chloride eluted. samples. The beakers should be kept covered with a watch
N glass or plastic film at all times.
69. Significance and Use 72.2 Rinse the weighed samples with water into the filter

69.1 In cases where an anion resin is sold in the regeneratédbes. Position a 1-L volumetric flask under the filter tube. Add
form or has been regenerated in a field unit, the efficiency ol L of NaCl solution (50 g/L) to the separatory funnel.
the regeneration process as measured by the relative percentagemediately fill the sample tube with NaCl solution. Tap to
of functional groups in the hydroxide free base and salt formsemove air bubbles and attach the stem of the funnel to the
is determined. This test method provides for a distinctiorfilter tube with a suitable sized rubber stopper. Take care that
between the salt-splitting groups from which hydroxide may beall solution passing through the sample is collected in the
eluted with a neutral sodium chloride and groups of lessevolumetric flask.
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72.3 Pass the NaCl solution through the sample at the rate ofyhere:

20 to 25 mL/min, keeping the sample covered with solution atA and Y averages of the millilitres of HCI required for

all times. Collect exactly 1 L of effluent in the volumetric flask. the titrations in 72.3.1,

Shut off the flow of the NaCl solution leaving the sample N, = normality of the HCl used in 72.3.1,

covered with solution. C = average millilitres of AgNQ solution required
72.3.1 Mix the sodium chloride effluent thoroughly. Pipet for the titration in 72.5.1, and

out three 100-mL portions into separate beakers. Titrate elecN . = normality of the AgNQ solution used in

trometrically to pH 9 or add one drop of phenolphthalein 72.5.1.

indicator solution and titrate with 0.N HCI until the pink 73.2 Calculate the total percent of functional groups regen-

color disappears. Record the number of millilitres of HCI usederated as follows:
as A. Add two to three drops of bromcresol green indicator
solution and continue the titration to the yellow end point or an
electrometric pH of 3.9. Record the additional number of anionic groups regenerated
millilitres of HCI used asy. [(A—Y) X NaJ + [(10 X Np) — 2(B X Ng)]

72.4 Position a second 1-L volumetric flask under the filter = CXN, X100 (27)
tube. Remove and rinse the separatory funnel with water. Pipet
exactly 100 mL of 1.0N HCI into the separatory funnel. Add Where: o )
500 mL of water and swirl to mix. Reattach the separatoryAandY Y averages of the millilitres of HCl required for
funnel to the filter tube and pass the solution through the the fitrations in 72.3.1,
sample at the rate of 20 to 25 mL/min, keeping the sampleNa normality of the HCl used in 72.3.1,
covered with solution at all times. When the separatory funnel average m|II|I|t_res .Of AQNQ solution re-
is empty, rinse it with four 100-mL portions of isopropyl quwedlfor tr}e ;[]ltragorlllln 72|'5'.1’ di
alcohol, washing down the sides of the funnel in each case. ¢ ;grgni ity of the AgN@ solution used in
Allow each 100-mL portion to drain to the top of the sample at - .
the rate of 20 to 25 mL/min before the next portion is added. , ° Q%Taagjgy r?‘lfillli_lli?elrtsjsi? IRIZZ(%: solution re-
Collect the isopropyl glcohql riljse in the same.vol_umetric flask quired for the titration in 72.4.1, and
afs the E'_CI gfﬁuclar?, dlicongnumg tne ftlo(\j/v of liquid when 1 L normality of NaOH solution used in 72.4.1.
of combined solution has been collected.

72.4.1 Mix the combined effluent thoroughly. Pipet out74 Report
three 50-mL portions into separate beakers. Titrate electro-
metrically to pH 9 or add one drop of phenolphthalein indicator
solution and titrate with 0.lN NaOH solution until a pink color
persists of 30 s. Record the number of millilitres of NaOH
solution asB.

72.5 Position a third 1-L volumetric flask under the tip of
the filter tube. Fill the separatory funnel with 1 L of NaihO

solution (20 g/L). Pass this solution through the sample at th ¢ | % of th |
rate of 20 to 25 mL/min until 1 L of effluent has been collected, &S Peen found to be equal02.9 % of the value reported. A
keeping the sample covered with liquid at all times. collaborative study will be done to determine the precision of

72.5.1 Mix the NaNQ effuent thoroughly. Pipet three this test method in accordance with the 1986 edition of Practice

: o : D 2777’
100-mL portions of it into separate beakers or conical flasks: . .
P P 75.2 Bias—lon exchange resins are the product of a com-

Add one drop of phenolphthalein indicator solution and one i L . R
lex, multiple step synthesis involving a polymerization reac-

drop of methyl orange indicator solution to be certain that the’ L .
C?on followed by one or more additional reactions to place

sample is neutral (colorless) to phenolphthalein and als tional h | i struct c 1
neutral (yellow) to methyl orange. If necessary adjust the pH tguctonal groups on the polymeric structure. tonsequently,

this range by dropwise addition of NaOH solution or HNO thek true Valge ft())_r any property of thi ﬁn_ished product Is
Pipet in 1 mL of K,CrO, solution (50 g/L). Titrate with 0.N ~ UNKnown and a bias statement cannot be given.
AgNO; solution until the color of the supernatant I|qU|q TEST METHOD J—IONIC CHLORIDE CONTENT OF
changes from yellow to red-orange and persists for 30 s with

) - i ANION EXCHANGE RESINS
vigorous swirling. Record the number of millilitres of AQNO
solution used af.

74.1 Report the percent hydroxide from strong base groups
(Eq 26) and the total percent anionic groups regenerated (Eq
27) as the average of the results of the three samples.

75. Precisiolf and Bias

75.1 Precision—The precision of this test method within its
esignated range for a single operator at a single test facility

76. Scope

Note 3—Good laboratory practice would advise that a 100-mL portion  76.1 This test method covers the determination of the
of NaNO 5 solution be titrated as a blank to verify the purity of reagents. percentage of anion-exchanging groups in the chloride form at

0,
73, Calculation levels of 1 % or greater.

73.1 Calculate the percent of functional groups in the

hydroxide form as follows: _ ,
7 Supporting data are available from ASTM Headquarters. Request RR:
hydroxide form, %= [(A — Y) X Ny X 100]/ (C X N,)  (26) D19 - 138, RR: D19 — 139, and RR: D19 — 1007.
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77. Summary of Test Method 80.11 Sodium Hydroxide Solution Standaf.10 N)—See

77.1 This test method consists of the elution of the sampl&7’-7-
with sodium nitrate and the titration of the chloride ion so 80.12 Sodium Nitrate Solutio20 g/L)—See 63.12.
removed, the conversion of the same sample to the chloride
form with hydrochloric acid followed again by elution with 81. Procedure

sodium nitrate and the determination of the total chloride 811 weigh into separate 100-mL beakers three 20-g repre-
eluted. sentative as-received samples.
78. Significance and Use 81.2 Rinse the weighed sample_s with water into the filter
28.1 Thi hod is desi d ori ilv for th | tubes. Fill the separatory funnel with 1 L of Nai®olution
_r8.1 This test method is designated primarily for the analy-, g/L). Pass this solution through the sample at the rate of 20
sis of anion-exchange resin sold in the regenerated form that {S 55 | /min until 1 L of efluent has been collected keeping
intended for use in applications where the chloride content o he sample covered with liquid at all times '
the treated water is of prime importance. It is therefore written 81.2.1 Mix the NaNQ solution effluent thorou hlv. Pinet
with the anticipation that the chloride ions will occupy no more h - . fiti b kg Y. FIpet |
than 5 % of the total resin sites. It may, however, be used tt ree 100-mL portions of it into separate beakers or conica
. . . P ' Yasks. Add one drop of phenolphthalein indicator solution. Add
determine the fraction of chloride present in samples taken

from the field. If in such cases the chloride content is greatepggfgsg'd (1+9) dropwise until the indicator color is dis-

than 5 % of total resin sites all titrati be made using 0.f o .
an o ¥o o1 1o resin Sies i tiratons may be made using 81.2.2 Add ten drops of mixed indicator solution (see 80.5)

N silver nitrate solution. In addition the potentiometric titration . . . o ; .
nd continue the dropwise addition of nitric acid until a yellow

of chloride has been found to be adequate for this test metho@.Olor is produced. Add two drops of nitric acid in excess.

79. Apparatus 81.2.3 Titrate the solution with 0.028 Hg(NOs), solution
79.1 Microburet 5 or 10-mL, with 0.1-mL graduations. until a blue-violet color, as viewed by transmitted light, persists
79.2 Test Apparatus- See Section 36 and Fig. 3. throughout the solution for at least 15 s. Record the millilitres

of Hg(NO;), solution used a®.

80. Reagents 81.2.4 Determine a titration blank using 100 mL of NahO
80.1 Hydrochloric Acid(1 + 9)—See 37.2. and the same volume of indicators used in the sample titration.
80.2 Isopropy! Alcohal Record the millilitres of Hg(NQ), used ax.

80.3 Mercuric Nitrate, Standard Solutiorf0.025 N)— 81.3 Fill the separatory funnel with 1 L of HCI (1 + 9). Pass

Dissolve 4.283 g of mercuric nitrate (Hg(NJ@-H ,0) in 50 this solution through the sample at the rate of 20 to 25 mL/min.
mL of water acidified with 0.5 mL of concentrated nitric acid Discard effluent.
(HNO;, sp gr 1.42). Dilute the acidified Hg(N{, solution 81.4 Rinse the separatory funnel thoroughly with water and
with water to 1 L. Filter if necessary and standardize againsthen with three 10-mL portions of isopropyl alcohol. Final
the standard sodium chloride (NaCl) solution, using the prorinsing should be neutral (orange) to methyl orange. Run
cedure described in 81.2.2. isopropy! alcohol through the acid-treated samples of the rate
80.4 Methyl Orange Indicator Solutio(0.5 g/L)—See 37.3.  of 20 to 25 mL/min until a 10-mL portion of the effluent mixed
80.5 Mixed Indicator Solutior-Dissolve 0.5 g of crystal- with 10 mL of water is yellow to methyl orange or has a pH
line diphenylcarbazone and 0.05 g of bromophenol blueabove 3.9. Drain to the sample level and discard the effluent
powder in 75 mL of ethyl alcohol (95 %), and dilute to 100 mL glcohol.

with the alcohol (see Note 4 and Note 5). Store in a brown g1 5 Rinse the volumetric flasks thoroughly with water and

bottle and discard after six months. reposition them under the tip of the filter tubes. Repeat 81.2
Note 4—Denatured alcohol is not suitable. Methanol or isopropanol@nd 81.2.1 starting at “Fill the separatory funnel .. .".
may be used if pure ethyl alcohol is not available. 81.5.1 Add one drop of methyl orange indicator solution to

Nore 5—Liquid_ indicator generally deteriorates to the point that_ it the partially neutralized aliquots and adjust the pH by further
yields no endpoint color after 12 to 18 months of stpragg. High gddition of HNQ, and NaOH solution (0.N), or both, until
temperature (above 37.8°C or (100°F)) and exposure to bright light may, ¢\, 56 neytral (colorless) to phenolphthalein and also neutral
shorten storage life. A dry powder mixture of two indicator ingredients is I hvl Pi in 1 mL of KCro It
stable for much longer periods. Both the powder mixture (capsule formfye ow) to. met y_ orange. Pipetin 1 mL of Xr 74 SO ut_lon
and the liquid indicator are available commercially. (5? gll—%- Eltl’ate with 0.IN 'IA‘gNdos ﬁtandardf 50|Ut|or|1| until thed

o . color of the supernatant liquid changes from yellow to red-
+9)— . o L
80.6 Nitric Acid (1 .9) S_ee 63.7. . orange and persists for 30 s with vigorous swirling. Record the
80.7 Phenolphthalein Indicator Solutior{5.0 g/L)—See s .
number of millilitres of AGQNQ, solution used a€.
37.4. 81.5.2 Det ine the blank for the titrati ing 100 mL of
80.8 Potassium Chromate Solutidd0 g/L)—See 63.9. g etermine the biank for the titration using mL o

80.9 Silver Nitrate, Standard Solutiof0.10 N)—See NaNQG; solution neutralized as the sample_and containing the
63.10. same volume of KCrO, solution. Record this volume d3.

80.10 Sodium Chloride, Standard Solutigi®.025N)—Dry .
several grams of sodium chioride (NaClyfa h at600°C. ~ 82. Calculation
Dissolve 1.4613+ 0.0002 g of the dry salt in water, and dilute  82.1 Percent Chloride Sites-Calculate the percent chloride
to 1 L at 20°C in a volumetric flask. sites as follows:
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(P = Q) X Nygno,, 86.4 The test method is designed to permit chloride (see
(C = D) X Nagno, <100 (28)  Test Method J) carbonate and sulfate (see Test Method L) ions
all to be determined in the same solution. It may also be

% chloride sites=

where: o ) ) combined with the determination of the percent regeneration of
P = average millilitres of Hg(NO,), solution used in  4nion exchange resins (see Test Method ).
81.2.3,
Q = average millilitres of Hg(NO;), solution blank  87. Apparatus
(81.2.4), . _
C = average millilitres of AgNQ; solution used in 81.5.1, 87.1 Test Apparatus- See Section 36 and Fig. 3.
and . _ _ 88. Reagents
D = average millilitres of AgNG, solution blank in 81.5.2.

88.1 Hydrochloric Acid Solution(1 + 9)—See 37.2.

88.2 Hydrochloride Acid, Standard Solutio(0.10N)—See
46.4.

88.3 Isopropy! Alcohol

83.1 Precision—Data from previous studies is no longer gg 4 Methyl Orange Indicator Solutiof0.5 g/L)—See 37.3.
available. A collaborative study will be done to determine the gg 5 Njitric Acid (1 +9)—See 63.7.

prg(_:ision of thi.s test method in accordance with the 1986 gg ¢ Phenolphthalein  Indicator Solutior5.0 g/L)
edition of Practice D 2777.

63.9.
83.2 Bias—Since it is impossible to prepare anion exchange 88.7 Potassium Chromate Solutiq0 g/L)—See 63.9.

83. Precisiorf and Bias

—See

resin samples with a known amount of chloride, bias cannot be gg g gijver Nitrate. Standard Solutio0.10 N)—See
determined. 63.16. , .
TEST METHOD K—CARBONATE CONTENT OF 88.9 Sodium Nitrate Solutio20 g/L)—See 63.12.
ANION EXCHANGE RESINS 89. Procedure
84. Scope 89.1 Weigh samples and elute with Naj@0 g/L) as in

. L Test Method J (81.1 and 81.2).
84'1tTh'S test metrr:od [COVErs the. dt(re]term|rt1)at|ort1 ?f the 89.2 Pipet three additional 100-mL portions of the NaNO
percentage anion-exchanging groups in the carbonate-1orm. g, o produced in 81.2 into separate beakers or conical
85. Summary of Test Method flasks. Add one drop of phenolphthalein indicator.

89.3 Titrate with standard O HCI until the solution turns

85.1 This test method consists of the elution of the samplg o pink to colorless. Record the mL of titrant used to the
with sodium nitrate and the titration of the carbonate ion SOhearest 0.02 mL aB.

removed, the conversion of the same sample to the chloride gg 4 aAdd two to three drops of methyl orange indicator
form with hydrochloric acid followed again by elution with gq,ion. Continued the titration with hydrochloric acid until

sodium nitrate and the determination of the total chloridethe solution turns from yellow to orange. Record the total

eluted. volume used to the nearest 0.02 mL%s

86. Significance and Use 81859.;3) Continue the procedure in Test Method J (81.3 through

86.1 This test method is designed for the analysis of anion
exchange resin sold in the regenerated form, and for th80. Calculation
analysis of samples taken from field units after regeneration gg.1 Calculate the percent carbonate sites as follows:
with sodium hydroxide. It may also be used, however, to
determine the fraction of the groups in the carbonate form at % carbonate sites [2(S = R) X Nyci] X 100
; (C—=D) X Nagy
the end of a service cycle. N,
86.2 Bicarbonate solutions are sometimes used as intermgynere:
diate steps in the conversion of anion exchange resins to thg = average mL of HCI used in 89.4,
hydroxide form. In such cases the residual carbonate iorR average mL of HCI used in 89.3,
concentration is used as part of the analytical process forC average mL of AgNQused in 81.5.1, and
monitoring the degree of conversion to the hydroxide form. D average mL of AgNQused in 81.5.2.
86.3 The presence of carbonate in a regenerated anion-90.2 Report the results as the average of the three samples in
exchange resin may indicate that it has been exposed fmercent.
atmospheric carbon dioxide or that the sodium hydroxide o _
regenerant or the rinse water contained carbonate. Its presend® Precisior and Bias
shortens the operating runs and frequently is the cause of a91.1 Precision—Precision was determined from the results
drop in resistance during the service run to a lower plateaof the analyses by eight operators, each analyzing three

(29)

where a slightly acidic effluent is produced. samples on each of three different days, as follows:
Mean Found, Precision, % Carbonate Sites
8 Applicable reports are not available from ASTM. % Carbonate Sites Overall, Sy Single Operator, S,
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96.4 Methyl Orange Indicator Solutiof0.5 g/L)—See 37.3.

i.gg 223 g-gé 96.5 Nitric Acid (1 + 9)—See 63.7.
0610 508 0.96 96.6 Potassium Chromate Solutigd0 g/L)—See 63.9.

, . L , ) 96.7 Silver Nitrate, Stand Solutioif0.10 N)—See 63.10.
91.2 Bias—Since it is impossible to prepare anion exchange gg g Sodium Nitrate Solutiof20 g/L)—See 63.12.
resin samples with a known amount of carbonate, bias cannot

be determined. 97. Procedure

97.1 Weigh samples and elute with Naj(@0 g/L) as in
Test Method J, Sections 81.1 and 81.2.

97.2 Pipet one additional 200-mL portion from the sodium
92. Scope nitrate effluent from each sample. If field samples taken at the
end of the service run are being analyzed, a 100-mL aliquot is
ysually sufficient.

97.3 Also pipet two portions of the sodium nitrate solution
used in 81.2 of the same volume as the samples to be used as
93. Summary of Test Method blanks. o _

97.4 Adjust the acidity of each solution to the methyl orange

93.1 This test method consists of the elution of the Sampl%ndpoint with HNQ(L + 9) and add 10 mL excess
with sodium nitrate and the determination of the sulfate ions so 97.5 Heat to boiling and very slowly add 5 mL' of Bagl

removed, the conversion of the same sample to the Chlor'd§olution Stir the sam ; ; :

i . . . . . . ple vigorously while adding the BaCl
for”.‘ with .hydrochlorlde acid follpwgd again by elution W't_h solution to avoid occlusion of Bagin the precipitate. Keep
S?dlu(;n nitrate and the determination of the total chloridey,q tomperature just below boiling until the liquid has become
eluted. clear and the precipitate has settled out completely. In no case

P shall this settling period be less than 2 h.
94. Slgn|f|9ance and Use_ ) ) . 97.6 Filter the BaS@on a fine, ashless filter paper, and
94.1 This test method is designed for the analysis of aniofash the precipitate with hot water until the washings are

exchange resin sold in the regenerated form, and for thgpstantially free of chloride, as indicated by testing a small
analysis of samples taken from field units after regeneratlorﬁ,ortion with silver nitrate. Avoid excessive washing.

with sodium hydroxide. It may also be used, however, 10 g7 7 place filter paper and precipitate in a previously

determine the fraction of the groups in the sulfate form at thE?gnited cooled and weighed 30 mL porcelain crucible. Dry.

end of a service cycle. _ _ _and char to consume the paper without flaming. Ignite on a
94.2 Sulfate solutions are sometimes used as intermediaj@eker burner or at approximately 800°C in a muffle furnace.

steps in the conversion of anion exchange resins to thgqg) in a desiccator and weigh to the nearest 0.1 mg. Repeat
hydroxide form. In such cases the residual sulfate ion concenyniil a constant weight is obtained.

tration is used as part of the analytical process for monitoring g7 g \while the barium sulfate is being precipitated proceed
the degree of conversion to the hydroxide form. with 81.3 through 81.5.2.

94.3 The test method as written calculates milliequivalents
sulfate assuming that S0s the ion being exchanged. Gener- 98. Calculation

ally this is appropriate when the pH of this first elution is above gg 1 gybtract the weight of the empty crucible from the

7.0 as it is in regenerated resins. In analyzing field samplegygight of the crucible plus barium sulfate for each of the
cases are found where the first elution is acidic. In such Cas%%lmples and blanks.

the ion retained may be H3O-, and the number of mil- ~ gg 5 Average the weight of the blanks and subtract this
liequivalents involved will be doubled. A complete analysis Ofweight from that of the barium sulfate in each of the samples.
the anion population may be required in such cases to obtaiBacord the differences ay.

true ion balance. o _ , 98.3 Calculate the percent sulfate sites (as,5& follows:
94.4 This test method is written to permit chloride (see Test

Method J), carbonate (see Test Method K) and sulfate ions all % sulfate sites= (W/0.1167 X 10000A)

to be determined in the same solution. It may also be combined (€= D) X Nagno,

with the determination of the percent regeneration of anion

TEST METHOD L—SULFATE CONTENT OF ANION
EXCHANGE RESINS

92.1 This test method covers the determination of th
percentage of anion-exchanging groups in the sulfate-form
levels of 1 % or greater.

(30)

where:
exchange resins (See Test Method ). A e:e volume taken for analysis, mL (96.2),
C = average mL of AgNQused in 81.5.1,
95. Apparatus D = average mL of AgN@blank (81.5.2), and
95.1 Test Apparatus- See Section 36 and Fig. 3. W = weight of BaSQ(see 98.2) corrected for blank.
98.4 Report the result as the average of the three values.

96. Reagents
96.1 Barium Chloride Solutior(50 g/L)—Dissolve 50.0 g 99 Precisiorf and Bias

of barium chloride (BaG}t2H,0) in water and dilute to 1 L. 99.1 Precision—Precision was determined from the results
96.2 Hydrochloric Acid(1 + 9)—See 37.2. of the analyses by eight operators, each analyzing three
96.3 Isopropy! Alcohal samples on each of three different days, as follows:
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TABLE  Continued 104.6 Potassium Chromate Solutigs0 g/L)—See 63.9.
Mean Found. Precision, % Sulfate Sites 104.7 Silver Nitrate Standard Solutio(0.10 N)—See
% Sulfate Sites Overall, S; Single Operator, S, 63.10.
104.8 Sodium Nitrate Solutio20 g/L)—See 63.12.
0.06 0.06 0.053
2.50 0.96 0.46 :
748 0.49 018 105. Sampling Pretreatment

99.2 Bias—Since it is impossible to prepare anion exchange 105.1 If the samples are new, they are usually analyzed as

resin samples with a known amount of sulfate, bias cannot béh'pped- In that. case sam_ple_ contamers.sh.ould be inverted,
preferably overnight, to redistribute the shipping water before

determined. )
samples are drawn from the containers. Samples are best drawn
TEST METHOD M-TOTAL ANION CAPACITY OF with a ¥2-in. plastic tube so that a core through the population
ANION-EXCHANGE RESINS in the containers is obtained. Enough sample for capacity,
solid, density, and particle size should be removed from the
100. Scope container at the same time. Results of such samples are

100.1 This test method covers the determination of the totdleported on an as-received basis.
number of milliequivalents of exchangeable chloride in an 105.2 Used samples containing no quaternary groups are

anion-exchange material. pretreated in accordance with Test Method A, omitting the
second pretreatment in 10.10 and 10.11 and thus leaving the
101. Summary of Test Method sample in the free base form. This fact should be noted when

101.1 The test method consists of the conversion of théhe results are reported.

sample to the chloride form, elution of chloride with sodium 105.3 Used samples containing quaternary groups are pre-
nitrate, followed by determination of chloride ion in the treated to the chloride form in accordance with Test Method A.

eluate? This fact should be noted when the results are reported.

102. Significance and Use 106. Procedure
102.1 This simplified version of Test Method H is appli- 106.1 Wg|gh samples_pretreated in acqordancg with Section
cable to determination of the total exchange capacity of alf0° for solids and dry in accordance with Section 14, Test

types of anion exchanging materials, whether they have quaMethOd B. i .
ternary, primary, secondary, or tertiary functionality. 106.2 Weigh into separate filter tubes (See Fig. 3) three

102.2 This test method is intended primarily for use in thel0-0-g representative portions of samples pretreated in accor-
characterization of new materials to provide numerical value§ance with Section 105. Insert the tubes in the capacity
to be used in specifications. apparatus. .

102.3 Used materials known to contain no quaternary func- 106-3 Fill three separatory funnels with 1 L each of HC

tionality are also properly analyzed by this test method. Wherél + 9)- Fill the sample tubes with acid and tap to remove air
only total capacity is of interest, it is appropriate for usegbubbles. Attach the stems of the funnels to the filter tubes with

quaternary resins as well. rubber stoppers of suitable size. Pass the acid through the
102.4 New resins are analyzed in the ionic form in whichS@mples at the rate of 20 to 25 mL/min, keeping the samples

they are sold. When the test method is applied to used resin§9vered_ with acid at all times. Drain the liquid to the samples

samples containing quaternary groups are pretreated to tfigvel- Discard the effluent. _

chloride form by Test Method A. Samples that do not contain 106.4 Rinse the separatory funnels thoroughly with water

quaternary functionality are analyzed in the free base form bnd then with three 10 mL portions of isopropyl alcohol. Run

omitting the treatment in Table 2, Test Method A. isopropy! alcohol through the acid-treated samples at the rate
of 20 to 25 mL/min until a 10-mL portion of the effluent mixed
103. Apparatus with 10 mL of water is yellow to methyl orange or has a pH

103.1 Test apparatus required is described in Section 36 arftPoVve 3.9. Drain to the sample level and discard the effluent

shown in Fig. 3. alcohol. . _ _
106.5 Position another 1-L volumetric flask under each filter
104. Reagents tube. Fill the separatory funnels with Nai®&bolution (20 g/L).
104.1 Hydrochloric acid(1 + 9)—See 37.2. Pass this solution through the samples at the rate of 20 to 25

104.2 Isopropyl Alcohal mL/min until 1 L of effluent has been collected, keeping the
104.3 Methyl Orange Indicator Solution(0.5 g/L)—See Sample covered with liquid at all times.

37.3). 106.5.1 Mix each NaN@effluent thoroughly. Pipet three
104.4 Nitric Acid— See 63.7. 100-mL portions of each into separate 250-mL conical flasks.
104.5 Phenolphthalein Indicator Solutior(5 g/L)—See /Add 1 drop of methyl orange indicator solution and 1 drop of

37.4. phenolphthalein indicator solution to each flask. Add

HNO4(1 +9) or NH ,OH (1 + 19) dropwise as required to
adjust the pH into the range where the phenolphthalein
° Fisher, S. F., and Kunin, R., “Routine Exchange Capacity Determinations oﬂor{ndlcgtor_solutlon is colorless and the methyl orange indicator
Exchange ResinsAnalytical ChemistryVol. 27, 1955, p. 1191. solution is yellow. Add 1 mL of KCrO , solution (50 g/L).
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Titrate with vigorous swirling with standard 0.1 N AgNO Use this value to calculate total anion capacity in mil-
standard solution until the color of the supernatant liquidliequivalents per gram dry as follows:

changes from yellow to red-orange and persists for 30 s.
Record the number of millilitres of AgN©Ostandard solutions
used to* 0.02 mL asM. milliequivalents total anion per wet gram
- solids in g/g wet resin

milliequivalents total anion capacity per g dry resin

(33)
Note 6—Good laboratory practice would advise that a 100-mL portion
of NaNO ; solution be titrated as a blank to verify the purity of reagents.  107.3 If a back-washed and settled density is determined,
. total-anion capacity in milliequivalents per millilitre may be
107. Calculation calculated in accordance with 65.6.

107.1 Calculate the total anion capacity in milliequivalents

per wet gram as follows: 108. Precision and Bias
meq total anion capacity M X N X 10 (31) 108.1 Precision StatementThe precision of this test
wet gram W method is expected to be equivalent to that of Test Method H
where: (Section 66). A collaborative study will be done to determine
M = average millilitres of AgNQ standard solution re- the precision of this test method in accordance with Practice
quired for the titration in 106.5.1, D 2777 - 36- )
N = normality of AgNG, standard solution, and 108.2 Bias Statement- lon exchange resins are the product
W = wet grams of sample. of a complex, multiple step synthesis involving a polymeriza-
107.2 Calculate the solids from the weights obtained irfion reaction followed by one or more additional reactions to
Section 14 as follows: place functional groups on the polymeric structure. Conse-
B quently, the true value for any property of the finished product
Solids content in g/g wet resin 5 (32)  is unknown and a bias statement cannot be given.
where: _ 109. Keywords
E - grams drytreS|_n 109.1 anion resins; cation resins; exchange capacity; ion
= grams wet resin exchange
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