
Thesis Approved

By

cx.y .̂
j£i

^ M a j o r  Advi 

Dean



DETERMINATION OF HARDNESS 
IN WATER BY ION EXCHANGE

BY
HERMAN 0. WEBER

A THESIS

Submitted to the Faculty of the Graduate School of 
the Creighton University in Partial Fulfillment 
of the Requirements for the Degree of Master 
of Science in the Department of Chemistry

OMAHA, 1962



ACKNOWLEDGMENT

The author wishes to acknowledge the help 
offered by Dr. C.L. Kenny and Mr. Stanley Gross through­
out this entire investigation.



CONTENTS

PAGE
ACKNOWLEDGMENT..................................  3. i i
ILLUSTRATIONS M D  TABLES........................  v

-I. INTRODUCTION............................. 1
II. THEORETICAL DISCUSSION................... 6
III. APPARATUS AND MATERIALS.................. 1>+
IV. EXPERIMENTAL............................. 20
V. CONCLUSION..............................   29
VI. SUMMARY.................................. 33
VIT. BIBLIOGRAPHY............................. 35

Iv



ILLUSTRATIONS AND TABLES

Page
1. Figure 1: Apparatus..................   18
2. Table 1: Stock Water Solutions......... 19
3. Table 2; Stock Reagent Solutions....... 19
k. Table 3: Water Analyses by Ion Exchange

Method.......................  27
5. Table if: Water Analyses by EDTA

Method.......................  28

v



INTRODUCTION
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Water which requires an excessive amount of soap 
to form a lather or forms much incrustation on vessels 
in which it stands or is heated is commonly called 
hard water. Soap is precipitated chiefly hy the cal­
cium and magnesium ions commonly present in water; but 
it may also be precipitated by the ions of other poly­
valent metals, such as iron, aluminum, manganese, stron­
tium, and zinc. Therefore, the theoretical hardness'5' 
of a water is defined as the sum of the concentrations 
of all the metallic cations other than the cations of
the alkali metals, expressed as equivalent calcium car-

obonate concentration. Since calcium and magnesium 
are usually the only ions present in significant con­
centrations in natural water, hardness is defined as 
the total concentration of just the calcium and mag­
nesium ions. However, if the other hardness-produc­
ing metallic ions are present in significant amounts, 
they should be included in the total hardness of the 
water.

•̂Standard Methods for the Examination of Water. 
Sewage, an'd TnetûsWial''*7 astesT*?renare<f 'jointTy by the 
American Public Health Association, the American Water 
Works Association, and the Federation of Sewage and 
Industrial Wastes Association (10th ed.; New Yorks Amer­
ican Public Health Association, Inc., 1955)» P» 108.

PThis is expressed in terms of milligrams per 
liter or parts per million (p.p.m.) of calcium carbonate.
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The precipitation of soap by calcium and mag­
nesium salts is probably one of the most commonly Recog­
nized disadvantages of hard x̂ ater. It has been found 
that in an average family of five people, using a water 
of 270 p.p.m. hardness, over four hundred pounds of soap 
are wasted per year.3

An equally serious effect of hard water is the 
formation of scale when heated. This scale is deposited 
in boilers, hot water heaters, and water pipes, or any 
other implements or appliances xd.th which water comes 
in contact. This scale cuts down greatly on the effi­
ciency of such equipment and eventually renders it com­
pletely useless. Thus it can easily be seen itfhy it is 
so imoortant to know the hardness of a water supply.

Prior to 1955» there were two fundamentally dif­
ferent standard methods for determining the hardness of 
water. In one method the calcium and magnesium are de­
termined separately by standard gravimetric analysis.
This is still the most accurate method. After silica, 
iron, and aluminum have been removed, the calcium is pre­
cipitated as calcium oxalate on the addition of excess 
ammonium oxalate. After filtering, the precipitate is 3 *

3 American Water Works Association, Manual of Water
Quality and Treatment (1st ed.; New York: '.American tfate'r 
Works Association, i^kl), p. 206.



either ignited to, and weighed as, calcium oxide; or
it is titrated with a standard solution of potassium

5permanganate. After the calcium has "been removed by 
the above procedure, the magnesium is precipitated as 
magnesium ammonium phosphate on the addition of di­
ammonium hydrogen phosphate. The precipitate is fil­
tered, and ignited to, and weighed as, magnesium pyro­
phosphate.^

The second method was the soap titration,? 
which measures directly the soap-consuming capacity of 
a water. A standard soap solution is added to a hard 
water sample, and the fatty acid anions of the soap are 
precipitated by the hardness producing cations. After 
sufficient soap solution has been added to precipitate 
all of these cations, the further addition of a slight 
but definite excess of soap, the "lather factor," will 
give stable suds upon shaking. The lather factor is de­
termined by titrating an equal aliquot of distilled water. * 6 7

^Standard Methods for the Examination of Water 
and Sewage. Prepared jointly Ey™the American Public 
Health Association and the .American Water Works Asso­
ciation (9th ed.; Hew York: American Public Health 
Association, Inc., 19^6), p. 59*

?Ibld.. p. 60.
6Ibid.

1+

7Ibid., pp. 25-26
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The soap titration is not very accurate, the error
Osometimes amounting to 10 per cent.0

In 1955, the complexometric EDTA titration was
oadopted as a standard method.7 In this method the water 

sample is buffered to a pH of about 10 and titrated 
with a standard solution of SDTA. The EDTA forms 
stable, water soluble complexes, first with the calcium 
present and then with the magnesium. The EDTA then com­
bines with magnesium that is bound to the wine-red color­
ed, magnesium-Erio black T dye complex changing the color 
from wine-red to the blue end point. This method has 
been proven very satisfactory.

The purpose of this research is to devise a 
method by which the principles of ion exchange can be 
applied to the quantitative determination of hardness 
in water.

o
°William P. Mason and Arthur M. Buswell, EX- 

amination of Water: Chemical and Bacteriological"^ 6 th 
ed. rev. j WeiTTorlc: John Wiley and Sons, Inc., 1931), 
p. ho.

^standard Methods« 1955» P* 110.
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7

Ion exchange resins may be regarded as insoluble 
acids or bases which also form insoluble salts. They 
consist of a cross-linked polymer network to which are 
attached ionized groups. The resins swell in water, but 
the cross-links between the polymer chains prevent them 
from dissolving either in water or other solvents. Each 
particle of an Ion exchange resin can therefore be re­
garded as a giant molecule. The functional groups can 
ionize into a fixed Immobile ion, which is attached to 
the polymer chain, and the mobile counter Ion, which can 
diffuse through the swollen resin and exchange with an 
Ion of like charge in a surrounding solution. The laws 
governing electrolytes may be applied to the exchangers 
except that their solid nature must be taken into consid­
eration. Only chromatographic separations by means of 
ion exchange resins will be considered in this discussion.

In this procedure, a quantity of solution contain­
ing the mixture of ions to be separated is first passed 
through a column of resin in vrhieh the exchangeable ions 
are less strongly absorbed than any of the ions in the 
mixture. Provided an adequate excess of resin is em­
ployed the mixture of ions will be absorbed in a well- 
defined, horizontal band at the top of the column. Usual­
ly the band occupies about 5 to 10 per cent of the length
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of the column. In the next stage, a solution contain­
ing ions which, under the conditions employed, are less 
strongly absorbed than any of those in the mixture is 
passed through the column. The exchanging ions in the 
eluting solution are frequently, but not necessairly, 
identical with those initially in the resin. When the 
eluting agent is passed through the column, some of the 
exchanging ions in the solution pass through the band 
containing the mixture of ions to be separated. Be­
cause of the differences in the exchange potentials of 
the absorbed ions, the absorbed ions tend to separate 
into bands as the eluting ion replaces them and as the 
Ions themselves replace each other. These bands usually 
have diffuse upper and lower boundaries, and they move 
down the column at rates which depend on the exchange 
potentials of the different ^ons. During their progress 
down the column, the degree of separation between the 
bands increases, but they become more diffuse. The var­
ious ions are then collected as they appear in the sepa­
rate fractions of the effluent. The sharpness of sepa­
ration depends on several factors, such as (1) exchange 
potentials, (2) eluting agent, (3) length of column,(M-) 
flow rate during development of band, and (5) particle
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size of the resin.
At low concentrations and ordinary temperatures, 

the exchange potential or the extent of exchange de­
creases with decreasing valency of the exchanging ion 
(Th+!+̂  Al+3 > Ca+2^ Na+1) At low concentrations,
ordinary temperatures, and constant valence, the extent 
of exchange decreases with decreasing ionic radius of 
the exchanging ion (Cs+1) Rb+1) K*1) Na+1 > H*1 ) Li+1; 
Ba+2 > Sr+2 > Ca+2 ) Mg+2) ,12

The concentration of the exchanging ion used in 
the eluting agent must not he so low that the various 
moving hands of absorbed ions are very diffuse, ^oo 
low concentration can also cause the amount of eluting 
agent required for the elution of the more strongly 
absorbed components to be impracticably high. Tf the 
concentration of the eluting agent is too high, the dif­
ferent bands will overlap; and there will be incomplete 
separation. In practice, therefore, a compromise must 
be made with regard to the concentration of the eluting 
agent. Sometimes, two eluting agents are used in sue-

-^Robert Kunin, Ion Exchange Resins (2nd ed., New 
Yorks John Wiley and Sons, 1 nc. , 1 9 5 ^ 7 "p'p• 26U-65.

H i  bid, p. 32.
12Ibid.
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cession.
In ion exchange chromatography a higher column 

is required than in ordinary simple separations performed 
hy ion exchange. The ratio between length and dia­
meter is as high as 100:1 or even 200:1 in certain 
c a s e s . A s  already mentioned, the ions to be separated 
are lodged in a band near the top of the column. The 
separation occurs chiefly when the ions move down the 
column during the elution step. Depending on the dif­
ferences in exchange potentials, a longer or shorter 
resin bed is necessary to effect separation.

The effect of the flow rate is greatly dependent 
upon the constitution of the exchange resnn and the part­
icle size. For resins with an open network structure 
the flow rate is not as significant as for strongly 
cross-linked resins. An Increased flow rate means that 
the ions are carried at a faster rate down the column, 
so that they have less time to diffuse through the resin 
particles and thus are prevented from reaching all ex­
changing groups. Too high flow rate will also cause an 
Increased overlap of the elution bands developed in the

^J.E. Salmon and D. K. Hale, Ion Exchange. A 
Laboratory Manual (NewYork: Academic Press Inc. “

Tv* ¿T.
i KOlof Samuelson, Ion Exchangers in Analytical 

Chemistry (New York: John Wiley and Sons, Inc., ï̂ !?3) * 
j r r  "Tn 7 ,
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column.
The particle size is of prime importance for an 

effective separation. It is common practice to use finer 
particles in ion exchange chromatography than in the ap­
plication of ion exchangers for other purposes. Smaller 
particles afford greater surface area for contact with 
the exchanging ions. Too small particles will effect 
too high resistance against flow and must he avoided.

Hoek^-5 Was one of the first investigators to use 
ion exchange to determine the total cation content of 
water. Subtracting the total hardness from the total 
cation eontent, he designated the difference as the sodium 
and potassium content.

Beukenkamp and Rieman-^ employed Ion exchange to 
separate sodium and potassium from each other and from 
magnesium. The separate fractions of the effluent were 
evaporated to dryness, and the alkali chloride residues 
were titrated by the Mohr method.

With the exception of calcium, these are essen­
tially the cations that are found In hard water. Beu­
kenkamp aid Rieman were primarily interested in the pro-

■^Heinz Hoek, "Determination of Total Cation 
Content of Water," Chimia, II (19^8), 227-29.

•1-6J. Beukenkamp and W. Rieman, "Determination 
of Sodium and Potassium, Employing Ion-Exchange Sep­
aration," Analytical Chemistry, XXII (1950), 582.



12

blem of separating sodium from potassium, but with sev­
eral modifications ion exchange could be used to deter­
mine the calcium and magnesium in a water*

A sample of the water would be run through a cat­
ion exchange resin on the hydrogen cycle at a definite 
rate of flow. The cations in the water are exchanged 
¡quantitatively for hydrogen ions, and the resulting so­
lution contains these hydrogen ions plus the anions orig­
inally present in the sample. The resulting acidic so­
lution is titrated with standard alkali solution, and 
the total equivalents of cations present in the original 
sample can be determined.

The column is eluted at a definite rate of flow 
with hydrochloric acid of definite concentration. The 
magnesium and the calcium have a greater affinity for 
the resin than the sodium and potassium. Therefore the 
sodium and potassium are eluted from the column first.
The sodium and the potassium would be present as chlorides 
in a definite fraction of the effluent. There is also 
a large excess of the hydrochloric acid present in the 
effluent. This fraction is collected and evaporated 
to dryness on the steam bath. The alkali chlorides can 
be determined by either the Mohr^-7 titration or the

■^W. Rieman, J. Neuss, and B. Naiman, Quantitative 
.Analysis, A Theoretical Approach (3rd ed.; New York: 
McGraw-Hill ¿ook Company, Inc., 1951), pp. 70-?2.
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Volhardl^ titration. Prior to this the evaporated 
fraction must be titrated with standard alkali to 
determine the amount of chloride present as hydrogen 
chloride.

The equivalents of sodium and potassium can be 
subtracted from the total number of equivalents to give 
the equivalents of magnesium and calcium present.

18‘Ibid., p. 270



APPARATUS AND MATERIALS



Apparatus
All weighings were made with the Ainsworth chain- 

omatic balance using class S weights calibrated against 
a set from the National Bureau of Standards.

Kimball class A volumetric flasks and pipettes, 
calibrated by the National Bureau of Standards, were 
used for making up standard solutions.

Kimball wExaxw fifty milliliter burettes were used 
for the titrations.

The column (Figure 1) was constructed of 22 mm. 
borosilicate glass tubing fitted with a 23 mm. sin­
tered glass disc of coarse porosity and a number 2 ground 
glass stopcock. The distance from the top of the column 
to the sintered glass disc was 79 cm. A siphoning tube 
was constructed of borosilicate glass tubing, 7 mm» in 
diameter and 76 cm. in overall length. The siphon had 
a 180 degree curved bend with a delivery tip on the end. 
The siphon had a twofold purpose. First, it was to 
prevent the level of the solution in the column from 
dropping below the level of the resin trapping air 
bubbles. Second, it aided in regulating the rate of 
flow of the solutions through the column and in main­
taining a constant rate of flow.

Solutions were added to the column from a drop­

15

ping funnel
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The rate of flow was determined by means of an 
automatic, constant-volume siphon graduated in intervals 
of ten milliters with a total capacity of fifty milliters.

This apparatus was fabricated in the Creighton 
University Glass Department.
Materials

The cation exchange resin used was Amberlite IR- 
112 (Rohm and Haas Co.)1^

All chemicals were reagent grade and conformed 
to American Chemical Society specifications with special 
emphasis given to the alkali earth impurities. Primary 
standard grade calcium carbonate (Hach Chemical Company) 
was used in the preparation of calcium chloride.

Both deionized water and a good quality distilled 
water were used for the preparation of the standard hard 
water and the eluting agents with no noticeable differ­
ence in results.

The standard hard waters were prepared from the 
chlorides of the metals by direct weighing and aliquot 
dilutions. These were stored in polyethylene bottles. 
Table 1 lists the concentrations of the ions in the stan­
dard hard waters.

^The manufacture of this resin has been dis­
continued. Amberlite IR-120 or Dowex 50 (Dow Chemical 
Co.) would serve equally well.
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Table 2 lists the standard stock solutions used 
in this research, their concentrations, and the methods 
of standardization.
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FIGURE 1

1. dropping funnel
2. resin column
3. sintered glass 

disc
over flow siphon 
with Tygon tubing

5. automatic constant 
volume siphon
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TABLE 1
STOCK WATER SOLUTIONS

Ca+2 eq./l. Mg+2 eq./l. Na+1 eq./l. K+1 eq./l
1. 0.003339 0.001589 0.00285V O.OOIV98
2. .OO3V50 .001589 .002753 .OOIV98
3. .002M+9 .001112 .001377 .000522

TABLE 2
STOCK REAGENT SOLUTIONS

Solution Concentration
eq./l.

NaOH
AgNOg (Mohr) 
AgN03 (Volhard)
KCNS
EDTA
HC1

0.0673? 0.060V 
.03019 
.03112 
.0312»+
.02576 
.7 approx.

Method of 
Standardizatlon
KHCgH^O^ N.B.S.
KC1
KC1
Volhard Method 
CaCO^
Not Standardized
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The resin was prepared for use by mixing it with 
3N HC1 in a 600 ml, beaker to replace most of the foreign 
ions. The acid solution was allowed to set in contact 
with the resin for fifteen minutes with frequent stir­
ring. The upper solution was then decanted. This pro­
cedure was repeated several times. The resin was next 
Trashed by mixing it with distilled \̂ ater, allo\d.ng the 
resin to settle, and then decanting the liquid above the 
resin. This procedure was repeated five or six times 
until the liquid above the resin was clear. This was 
necessary to prevent the subsequent clogging of the 
sintered glass disc by minute resin particles. The 
resin was now ready to add to the column.

Before adding the resin, the column was completely 
filled with distilled water including the siphon arm and 
the space below the sintered glass disc. Any air bubbles 
trapped below the glass disc were removed by applying 
suction to the column. The top of the column was con­
nected to a water aspirator, and the siphon arm was con­
nected to the distilled water supply. Upon applying

i

suction the air bubbles were pumped out.
The resin was then slowly added to the column.

The stopcock was slightly open, and a beaker was below 
the siphon arm to catch the water displaced by the resin. 
The column was filled with resin to a height of 60cm.
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The resin was regenerated again with 3N HC1.
The rate of flow at first was 300 ml. per hr. until the 
resin had shrunk 18 cm., and all the water had been dis­
placed from the column. The rate of flow was then de­
creased to 150 ml. per hr. A total volume of MX) ml. 
of acid was used in this process. At this point 5 ml. 
of the effluent were collected, diluted to 10 ml. with 
distilled water, buffered with NH^Cl-NH^OH to pH 10, 
and tested with Eriochrome black T dye for the presence 
of any foreign ions.20 This was indicated by a red 
solution. If any foreign ions were still present, 
the regeneration was continued until there were no for­
eign ions in the effluent. Then an additional 150 ml. 
of acid were added to the column. It is imoortant that 
this regeneration process be complete and that the resin 
be converted entirely to the hydrogen cycle. Any for­
eign ions left on the resin may be discharged during a 
later elution process.

To rinse the hydrochloric acid from the resin, de­
ionized water was run through the column at the rate of 
300 ml, oer hr. After 150 ml. had gone through the col­
umn the stopcock was closed. The column was filled with

20Gerold Schwarzenbach, Complexometric Titrations, 
trans. Harry Irving (Londons Methuen and ^o. Ltd., 19^7 
P. 30.
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deionized water, stoppered, and inverted to loosen the 
resin particles. The rinsing of the column was con­
tinued until the rinse abater gave a yellow test with 
methyl orange indicator.

A trial determination was run at first to deter­
mine which fractions of the effluent should he collected 
in each step of the analysis. Water 1 of the composi­
tion shown in Table 2 was used. The water in the column 
was drained to the level of the resin. A 250 ml. sample 
of the test water was added slowly to the column. The 
rate of flow was 150 ml. per hr. The effluent was col­
lected in 25 ml. fractions in 125 ml. glass stoppered 
Erlenmeyer flasks.

After the sample had been added to the column, 
the exchanged hydrogen ions were rinsed from the col­
umn with deionized water at the rate of 150 ml. per hr. 
The effluent was continually being collected as described 
above. After a total of 250 ml. of rinse water had been 
added, the rinsing was terminated.

Two drops of phenolphthalein indicator were added 
to each of the fractions collected. These were titrated 
with standard alkali solution, and it was found that the 
first 50 ml. contained no detectable amount of hydro­
gen ions. The next U-50 ml. contained the exchanged 
hydrogen ions. This fraction in later determinations 
was collected and titrated with the standard alkali.



A trial elution was next carried out. The water
in the column was lowered to the level of the resin, and

210.7N HC1 was added slowly. Care was taken not to disturb 
the resin bed. The rate of flow was 150 ml. per hr.
The effluent was collected in 50 ml. fractions in 125 
ml. glass stoppered Erlenmeyer flasks. After a total 
of 1.2 1. of 0.7N HC1 had been added, the elution of the 
column was stopped.

During this process the resin shrank 8 cm. Most 
of this occurred as the first 100 ml. of acid went through 
the column. The fifteenth through the twenty-first frac­
tions were tested for magnesium and calcium ions. Five 
milliliters of each fraction were diluted with 5 ml. of 
distilled water, buffered to a pH 10, and tested with 
Eriochrome black T dye. It was found that the magnesium 
begins to appear after 900 ml. of effluent has nassed.

All of the fractions were evaporated to dryness 
in 250 ml. beakers on the steam bath. The residue left 
in each beaker was dissolved in 50 ml. of distilled water. 
Two drops of phenolphthalein were added, and the solution 
was titrated with standard alkali. This was done to 
determine any chloride present as hydrogen chloride.
The solution was made slightly acidic with one drop of 
0.2N HNO^, and the chloride was determined by the Mohr

piBeukenkamp and Rieman used thi s concentration of 
acid in their work.
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method. It was found that no detectable amount of alkali 
chloride appears in the first 100 ml. of erfluent. Also 
after 800 ml. there was a sudden drop in the amount of 
alkali chloride.

Therefore, in later elutions the first 100 ml. 
of effluent were discarded, and the next 700 ml. were 
collected. This fraction was collected in equal por­
tions in four separate 600 ml. beakers to hasten the 
evaporation. After the evaporation the residues were 
combined. A total of 100 ml. of distilled water was 
used to transfer these residues. The alkali chlorides 
were then determined by the method described above.
When the Volhard method was used to determine the alkali 
chlorides, the four separate residues were transferred 
to a 500 ml. wide mouth Erlenmeyer flask. After each 
complete analysis the column was regenerated by the pro­
cedure described earlier.

Table 3 lists the results obtained in the analyses 
of several known hard waters by this method.

The standard EDTA complexometric titration was 
used as a comparison analysis.22 Water similar to that

22 Standard Methods for the Examlnation of Water 
and Wastewater Including Bottom Sediments and Sludges. 
Prepared jointly by the American Public Health Associa- 
tion, the American Water Works Association, and the Water 
Pollution Control Federation (11th ed.; New York: Amer­
ican Public Health Association, Inc., I960), pp. 133-136.

138315



analyzed by ion exchange was determined. Table k lists 
the results obtained by this method.

26
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TABLE 3
WATER ANALYSES BY ION EXCHANGE

Actual <̂meq. ) Found (meq.) RME (p. p. t.)
Det . Total Na,K Mg,Ca Total Na,K Mg,Ca Total Na,K Mg,Ca
1 2.320 1.088 1.232 2.317 1.130 1.187 1.3 37 37
2 2.320 1.088 1.232 2.321 1.119 1.202 O.U 28 2i+

3 1.088 1.088 1.085 1.131 — 2.8 39 —

if 2.320 1.088 1.232 2.316 l.lUl 1.175 1.7 k9 1+6
5 2.320 1.088 1.232 2.317 1.112 1.205 1.3 22 22

6 2.320 1.088 1.232 2.317 1.138 1.179 1.3 k6 1+3
7 2.320 1.088 1.232 2.318 1.139 1.179 0.9 1+7 ^3
8 1.856 0.870 0.986 1.858 0.900 0.958 1.1 3!+ 32
9 1.856 0.870 0.986 1.856 0.81+5 1.001 0.0 29 25
10 2.320 1.088 1.232 2.325 1.065 1.260 1.9 21 21

11* 1.392 0.653 0.739 1.395 0.655 O.71+O 2.2 3.1 1.1+
12* 1.392 0.653 0.739 1.395 0.652 0.7k5 3.6 1.5 8.1
13* 1.365 0.1+75 0.890 1.360 0.1+88 0.872 3.7 27 20
Ik* 1.365 O A  75 O.89O 1.369 O.1+71+ 0.895 3.0 2.1 5.*+
15* 1.365 0.1+75 0.890 1.360 O.1+88 0.872 3.7 27 20

*During the elution process, the first 100 ml. of 
effluent were discarded and the next 650 ml. were saved.
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TABLE 1+
WATER ANALYSES BY EDTA METHOD

Actual (meq.) Found (meq.) RME (P.P
Det. Mg, Ca Mg, Ca
1 0.1260 0.1262 1.6
2 .1260 .1257 2.3
3 .1260 .1265 3.9
b .1260 .1262 1.6

5 .08902 .08913 1.2
6 .08902 .08925 2.5
7 .08902 .08913 1.2
8 .08902 .08920 2.0
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It should he noted that most of the waters analyz­
ed had a very high sodium and potassium concentration.
The last three determinations were carried out on water 
with a cation composition similar to that of tap water. 
Determination number three points out that on a sample 
with no magnesium or calcium present, the elution step 
continues to give a high alkali chloride.

There are two apparent sources of error. One pos­
sibility is the incomplete separation of magnesium and 
calcium from sodium and potassium. This possibly can 
be corrected by a slower rate of flow during the elution 
process or by the use of a more dilute eluting agent.
A longer resin bed may also correct this.

The second possible source of error is the sol­
ubility of the resin in the eluting agent. Small amounts 
of dissolved resin did appear in the first 350 ml. of 
effluent. To correct for this a more stable resin would 
have to be used.

Another possible source of error is in technique 
since there are three titrations in the complete analysis.

There are several advantages of this method over 
other methods. The EDTA method simply determines mag­
nesium and calcium. The ion exchange method determines 
this plus the total cation content and the sodium and 
potassium content.
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This method also has one distinct disadvantage 
which is a time factor. The addition of the sample to 
the column requires 3 hrs. and 20 min,, and the elution 
of the column requires 5 hrs. and 20 min. Seven hundred 
milliliters of solution must be evaporated to dryness 
after the elution. Also three separate titrations are 
required in the total analysis. More time is again re­
quired to regenerate the column after each determination.

In the analysis of an actual water the anions pre­
sent do not interfer. They are separated from the cations 
when the total cation content is determined, and they 
appear in the resulting acidic solution. If the sample 
Is originally acidic, this acidity would have to be 
determined, and a correction would have to be made.

If the water contains a high concentration of iron 
or copper, these can be removed by the method described 
by M c C o y . A  small amount of potassium cyanide is add­
ed to the solution forming the CuCCN)^ “2 and Fe(CN)^ ”3 
complexes. The solution is then passed through an anion 
exchange resin, and the complexes are absorbed in the 
column. The anions originally present and the excess

23j.W. McCoy, "Some Applications of Ion Exchange 
to Water Analyses," Analytic Chimica Acta, VI (1952), 
259-66.
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cyanide is also exchanged. The amount of potassium 
cyanide added must be accurately measured because it 
will affect the alkali content of the sample, and a 
correction must be made. If the iron and copper content 
is to be included in the hardness, they do not have to
be removed



SUMMARY
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The hardness of water was determined by use of 
ion exchange.

The sample is passed thru the cation exchanger, 
and all cations are absorbed. The effluent containing 
the exchanged hydrogen ions is titrated with standard 
alkali to determine total cation concentration. The 
resin is washed with dilute HC1, and all the univalent 
cations are washed out. This solution is evaporated to 
dryness, and the alkali chlorides are determined. By 
subtracting the alkali chloride concentration from the 
total cation concentration the hardness can be determined.

The complete analysis is time consuming, but 
otherwise the procedure is acceptable.
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