C8 - Water hardness and water alkalinity measure

1. Water hardness

1.1 Principles

Water hardnessis the result of calcium and magnesium (Ca?* and Mg?*) presence.

Hard water is <de - forming (CaCO,) in dstribution retwork; it lathers with difficulties.
Soft water is aggressve, corrosive(Fe>_y Fe** | Fe*" ), induces rust formation (Fe(OHy)) ; it
lathers easily.

Calcium carbonate stability :

1
Ca(HCO»), < » CaCO;+CO,+H,0
Mg (HCO;); 2 MgCO;
diswlved Ca®* and scde
M92+
Temperature,
ca”*, Mg*", HCO5 concentrations
and pH increasesinducereaction 1 : water become hard
Temperature,
ca’*, Mg*", HCO5™ concentrations
and pH decreasesinducereaction 2 : water become soft

Calcium and magnesium concentration can be expressed with many diff erent units:
Mol ¢4 mg/ L

equivaent per liter (g camg /L)

Ocamg /landmg camg /L

English, Deutsche or French degrees : these units won't be used in the course.

mg CaCQO;3/ L or ppm CaCO;

Correspondence between mol / L, eq/ L and ppm CaCO;
(mol /L) divided by valenceis (eq/ L)
(eq/L ) multiplied by 50,000 is (ppm CaCO,)

mol / L » eg/L > ppm CaCOg

X valence x 50,000



Example:
2.3*10°mol Ca** /L =4.6*10°% eq/ L = 230 ppm CaCO;
3.1 *10*mol HCO; /L =3.1*10% eq/ L = 15.5 ppm CaCO;

Furthermore:

1° French = 0.56° Deutsche= 0.7 ° English = 10mg/ L CaCO3 = 10 ppm CaCO3
1 ° Deutsche = 1.786 ° French = 1.25° English = 17.86 ppm CaCOj3;

1° English= 1.438 ° French = 0. 8 ° Deutsche = 14.38 ppom CaCO3

We will expressthese ancentrations with
Mol camg /L
eq/L

Mg camg/ L
or ppm CaCOs.

Then 10 ppm CaCO3 = 10" Mol ¢4 g/ L = 0.5510 €q camy / L ; for awater containing both Ca
and Mg the concentration expressed with mg/ L can't be cdculated : we don't know the alcium
and magnesium proportions .

Hardness scale :
soft water moderately hard water  hard water very hard water
| | | | >
0 60 120 180 ppm CaCOs;
0 0.0006 0.0012 0.0018 MOl camg/ L
0 0.0008 0.0006 0.009 €9 camg/ L

Field of application : drinking water (the recommended allowances are 900 mg Ca and 400 mg
Mg per day), industrial water.

1.2. Water hardnessmeasure

Ethylene diamine tetraacdic add : EDTA isused during the complexometric dosage

EDTA = YH, at pH < 10



HOOC —-CH,

\ /CHZ-COOH
_— T~

N—(CHy)2-N

CH, - COOH
HOOC — CH, 2

YH,* at pH = 10
Na"~00C -CH,

N = (CH,), - N

\ /CHZ—COO Na"
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CH, - COOH
HOOC — CH, 2

and at pH = 10, YH,* formsa mmplex with Ca®* or Mg** (chelation) :

ca® +H,Y> ——» Ccay?+2H"

First, Ca and Mg can read with NET, added in the tested solution (Volume V) :
Free NET isbleu : complexed with cacium or magnesium, NET isviolet : the tested solution is
violet

If aren ¢, mg IS the molar concentration (unknown) in the tested water (volume V)
Then EDTA, which concentration is predsely known (Cedta) , isadded

EDTA has more dfinity for Ca and Mg than NET

ind+Ca®—® ind-Ca

ind- Ca+ EDTA ——® EDTA - Ca+ind

When the last Ca, Mg quantities linked to NET disappea, avolume V 4, has been poured and
the solution turns blue (freeNET) :
n camg = NeprA

n camg =C camg * Vpe =C edta* Vedta
C camg = Cedta* Vedta/ Vpe



burette containing EDTA (edta)
equivalence : Vega

tested water : Ceomg , V
+NET + pH 10

Procedure :

The sample volume must contain a Ca, Mg quantity allowing aV g, inferior to the burette
maximum volume (20 or 25 mL).

example: V =100 mL

Add 4 mL pH10 buffer and abit of NET : solution isviolet

Fill the burette with EDTA 0.01mol / L

Pour EDTA until solution turns blue.

Calcul example:

V water sample = 100 mL,

Vv edtaversed — 18 mL

C camg = 18+10°* 0.01/0.1=18* 10™ mol / L = 180 ppm CaCOj : hard water

O pH 10 buffer and NET in distillated water gives a blue solution : it allows to verify quickly the
distillated water quality.



O the hardnessmeasured after ebullition and filtration is call ed permanent hardness ; it consists
of Ca and Mg linked with CI°, SO, ...all anions but HCO; ™, whereas <cale has precipitated ; the
other hardnessis cdl ed temporary hardness

O the hardnessmeasured at pH 12 (add 10 mL NaOH 2.5mol / L in place of pH 10 huffer) alows
to determinate only the Ca @ncentration (at pH 12, Mg(OH), precipitate).

2. Water akalinity

2.1. Principle

Many ions (OH, CO5> HCOj'....) can react with H* in water (buffer role) but at neutral pH, the
HCO;3" (hydrogen carbonate ion) are predominant :

HCO; / CO5% : pKa=10.2 Ka=(COz* ) (H") / (HCOy) = 10122
atpH=7,  CO4 /HCO; = 10?107 = 10°* = 63.10"
HCO5 read with addity (H") to give CO,

HCO; +H" __ H,0+CO;,

The origin of water alkalinity is the presence of HCO;, at neutral pH

HCO;3 concentration can be measured adding add in the water sample, with coloured indicator :

- akalinity, or methyl orange dkalinity (m-alk), is measured as adding HCI (hydrochloric aad)
0.04 mol / L in a 100mL tested water sample, with methyl orange (turns yellow to red, at pH =
4.5)

Anocther kind of alkalinity exists, concerning basic waters (containing CO;% and OH") :
- phenolphtalein alkalinity (p-alk) is measured as adding HCI (hydrochloric acid) 0.04mol / L in
a100mL tested water sample, with phenolphtalein ,(turns rose to colourless, at pH = 8.3)

methyl orange yellow  red
9 7 4.5
| | | g
pH (adding HCI)

phenolphtalein rose colourless

H,CO;/ HCO; : pKa=6.4 Ka= (HCO3) (H") / (H,CO3) = 10°%4



pH evolution in abasic solution in which Hcl is added, with PP and
next methyl orange

H
P A
/ pKa: CO;” / HCOs = 50%
102 [....>
HCO; only : : PP turns
PP:83 A/colourleﬁ
pKa: HCO5; / H,CO3 = 50%
6.4
m.o:4.3 < H,CO; only : m.o turns red
\ 4 >
diinking water 0 1% equivalence 2™ equivalence allows m-alk determination V adid
akalinity
neutralization

Then, in drinking waters, pH = 7 and the main reaction is

H*+ HCO; ————» H,CO;

at the equivalence, n ;=N yeos.

If Caisthe acid concentration and Vathe acid volume versed at the equivalence (about pH = 4
and m.o turning yellow to red)

If C03 IS the hydrogen carbonate concentration un known in the tested water sample

and V the sample volume :

Ca*Va=Cyz3* V



Chez =CavalVv

Alkalinity is expressed in mol HCO3 / L or mg CaCOs/ L (ppm CaCO;, as hardness :
10* mol HCO5 /L =10%eq/ L (vaence=1) =5 ppm CaCO;

Procedure :
V =100 mL
Add abit of methyl orange : solutionis yell ow
Pour HCI 0.04 mol / L until solution turns red

Example:

Va=14,3mL

Choz=Cava/V =0.04*14.3/100=5.72 * 1072 mol HCO; /L =5.72* 10 eq/L =286 ppm
CaCOg

m-alk = 286 ppm CaCO;
Water table, drinking waters must present a high m-alk : they won't be aggressve and present
high buffer proprieties : generally, m-alk is about 50 (aggressive water) to 40 ppm CaCO; (water

with cadcium carbonate dkalinity) ; here, m-alk = 286 ppm and is enoughto present calcium
carbonate stability.

3. Practical work : bottling water analysis verificaion

3.1. Hardnessmeasurement
Read the bottling water analysis and sample avolume (10to 100mL) which allows a
coherent EDTA versed volume (5to 25mL) ; adilution can be necessary
Add 4 mL pH 10 buffer and NET
Pour EDTA until solution turns blue
Calculate water hardnessin ppm CaCO; and verify your result (bottle diquette)

Carry on that experiment again : AA / A eage Must be < 0.03 (predsion test)

3.2. Alkalinity measurement

Read the bottling water analysis and sample avolume (10to 100mL) which alows a mherent
HCI versed volume (5to 25 mL) ; adilution can be necessary

Add methyl orange (4 -5 drops) : solution is yellow

Introduce pH meter

Pour HCI 0.04mol/ L until solution turnsred ; read pH at the equivalence point

Calculate m-alk, in ppm CaCO5; and mg HCO; ™/ L and verify your result (bottle diquette)
Carry on that experiment again : AA / Ayeage Must be < 0.03 (predsion test)




3.3. Report

3.3.1. Water hardness

- EDTA poured volumes (mL)

- Test precision interpretation

- hardness determination (ppm CaCQOs,)

- interpretation of your analysisin comparison with bottling water etiquette one
- isit asoft or ahard water ?

3.3.2. Water alkalinity

- HCI poured volumes (mL)

- pH equivalence

- Test precision interpretation

- m-ak determination (ppm CaCOz; and mgHCO3 /L)

- interpretation of your analysisin comparison with bottling water etiquette one
- isthiswater buffered enough ?

4. Material and reagents requirements (12 students)

4L of bottling water (with indicated chemical composition)
6 flasks with 100 mL of EDTA 0.01lmol / L

6 flasks with 100mL of pH10 buffer

dissolve 67.5 g of NH4Cl in 570 mL of ammonia solution 13 mol / L (25% nvm)
add 5 g of EDTA C10H14N>0Og Naz Mg

complete to 1000 mL with deionized water

6 flasks with 50 mL of methyl orange 5¢/L
6 flasks with 100 mL of HCl 0.04 mol /L
12 pH meter + reference solutions ( pH 7 and 4 ) + notice



