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B R I E F  H I S T O R Y  

The IS0 Recommendation R 2052, Potassium chloride for industrid i i  w Determination of potassium content 
Sodium tetraphenylborate volumetric method, was drawn up  by Technical Committee iSO/TC 47, Chemistry. the 
Secretariat of  which is held by the Ente Nazionale ltaliano di Unificazione ( U N I )  

Work on this question led t o  the adoption of Draft IS0 Recommendation No. 2052, which was circulated to 
all the IS0 Member Bodies for enquiry in July 1970. 

The Draft was approved, subject to  a few modifications of  an editorial nature, by the following Member 
Bodies : 

Austria 
Belgium 
Chile 
Czechoslovakia 
France 
Germany 
Greece 
Hungary 
India 

Iran Spain 
Israel Switzerland 
Italy Thailand 
Korea, Rep. of U.A.R. 
Netherlands United Kingdom 
New Zealand U.S.A. 
Poland U.S.S.R. 
Portugal 
South Africa, Rep, of 

No Member Body opposed the approval of  the Draft. 

This Draft IS0 Recommendation was then submitted by correspondence to  the IS0 Council, which decided to  
accept it as an IS0 RECOMMENDATION. 
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I S 0  Recommendation R 2052 August 197 1 

POTASSIUM CHLORIDE FOR INDUSTRIAL USE 

DETERMINATION OF POTASSIUM CONTENT 

SODIUM TETRAPHENYLBORATE VOLUMETRIC METHOD 

1.  SCOPE 

This IS0  Recommendation describes a volumetric method for the determination of potassium in potassium 
chloride for industrial use. 

2. FIELD OF APPLICATION 

The method described is applicable to the determination of potassium content in potassium chloride for industrial 
use, i.e. in a product containing a minimum of about 95 % KCl. This limit, expressed conventionally as K or KzO, 
corresponds to approximately 50 77 or 60 70 , respectively. 

3. PRINCIPLE 

Dissolution of a test portion taken from the previously ground and sifted laboratory sample and elimination of 
ammonium ions if present. 

Precipitation of the potassium in a slightly acid medium by an excess of a standard volumetric sodium tetraphenyl- 
borate solution. 

Filtration and back titration of this excess in the filtrate, with a standard volumetric solution of a quaternary 
ammonium salt, using bromophenol blue as indicator. 

4. REAGENTS 

Distilled water or water of equivalent purity should be used in the test. Use only reagents free from potassium and 
ammonium, or having a negligible content of these ions. 

4.1 Hydrochloric acid, approximately 0.1 N solution. 

4.2 Quaternary ammonium salt, approximately 0.01 N solution. 
Dissolve 3.65 g of cetyltrimethylammonium bromide - (CH3(CH2)15 N(CH,),) Br - or an equivalent quantity 
of another quaternary ammonium salt, in a 1000 ml one-mark volumetric flask. Dilute to  the mark and mix, 
stirring gently t o  avoid the formation of foam. 
NOTE. - As quaternary ammonium salt, i t  is possible to  use a commercial solution, intendcd for pharmaceutical purposes, of 
alkylbcnzyldimetliyl-ammonium chloride (or benzalconiurn chloride), formula (C6H5CH2N(CH3)2C,lH~ n +  I ) CI in which n 
varies from 8 to 18. 
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4.3 Sodium tetraphenylboratc, approximately 0.02 N solution. 
Weigh, to the nearest 1 nig, 6.845 g of  sodium tetraphenylborate ( N Y I < ( C ( , H ~ ) ~ )  and dissolve, in a 1 000 nil 
beaker, with about 800 ml of  water, stirring mechanically for I O minutes. 
Add 1 O to 15 drops o f  a saturated solution of  aluminium chloride, 5 t o  1 O drops of a 1 g/l solution of bro- 
mothyniol blue of I g/i in OS '1 ( V / V )  ethanol and finally, drop hy drop, while stirring, an approxiniately 
2 N solution of  sodium hydroxide until the indicator turns t o  a pure blue colour. L,eave to stand for a few 
minutes then filter the solution and collect the filtrate in a 1 O00 ii i l  one-mark volumetric flask. Rinse t l i e  
beaker, wash the precipitate, collecting the washings in the same i l ask ,  dilute t o  the iiiark and niix thoroughly. 
This solution will generally keep well for several weeks. It is advisable to  filter it if a precipitate occurs. 
Before using this solution. leave it t o  age for 48 hours. 

4.3.1 Dcterniiriatiot? of' tlic c ~ i i r i i u l c t i ~ ~ ~  of' tlic r/iiatcrriury atiiti~oriiiitti :ult sohrtiot~ utid f l i c  wdiiitn tetrup/icri,i~l- 
borate solution. Before proceeding with the standardization o t  the sodium tetraphenylborate solution, it 
is advisable to determine the equivalence of  this solution with that of the quaternary aiiiiiioniuiii salt which 
is t o  serve t o  determine the excess by back titration. It is, indeed. this equivalence that makes it possible 
to  calculate, by difference, the volume of sodium tetraphenylborate that Ilos reacted with the potassiiiiii. 
It is essential to check each time in advance that the latter solution is restandardized. 
To do  this proceed as follows. 
Place 10.00 ml of tlie sodium tetraphenylborate solution (4.3) i n  a S O  i i i l  one-inark voliiinetric flask, dilute 
t o  the inark and mix thoroughly. 
Take 10.00 ml of  the resultant solution, containing 7 riil of tlic sodiiiiii tetraphenylhorate solution (4.3). 
and place in a 100 nil conical flask. Add I O  drops o f  the hroiiiopliciiol blue solution (4.S),  tlie volume of 
hydrochloric acid solution (4.1) necessary t o  cause tlie colour of' i l i c  indicator t o  change to  pure yellow, 
and then an excess of  2 iiil of this solution (4.1). 

Titrate, drop by drop, with the quaternary aiiimoniuin salt solution (4 .2 )  until the colour of tlie indicator 
changes from yellow to  green. 
According to the voliiiiie used, read to  the nearest 0.01 r i i l .  adjust tlie concentration of this solution so 
that 2.00 ml is exactly equivalent t o  1.00 in1 of sodiuin tetraphenylborate solution (4.3) .  The volume of  
quaternary ammonium salt solution (4 .7)  to  be used for the ahovc titration should, therefore, be 4.00 ni1 

4.3.2 Stumlurdizatiori of th c s o t l i i r  tn tctru~,~ioi~i~/horu tc 50 hi tic ) t  I .  Pl ace 2 O.  O0 in I of t lie stand a rd pot  assi U ni c hlo rid e 
solution (4 .4)  in a SO nil one-mark volumetric flask. 
Add. in sucession, 2 drops of the broriiophenolblue solution (4.5 ). the vuluine of hydrochloric acid solution 
(4.1) necessary to  iiiake the colour o f  the indicator turn to  pure yellow and 75.00 il i l  of the sodium tetra- 
phenylborate solution (4.3).  Dilute to tlie niark? riiix and leave to stand for about 5 minutes. 
Pass through a dry filter intended tor noriiial filtration. discarding the first portions of tlic filtrate and 
collecting the filtered solution in a dry vessel. 

Take 25.00 ml of the filtrate and place in a 100 nil conical flask. Add I O  drops ol 'the bruniopheiiol blue 
solution (4.5). then the volume of  hydrocliloric acid solution (4.1) necessary t o  make the colour of  the 
indicator turn t o  pure yellow, plus an excess of  2 nil o f  this solution (4.1 ). Without waiting. titrate. drop 
by drop, with the quaternary ammonium salt solution (4 .7)  until tlie colour of t h e  indicator cli~inges from 
yellow to green, then read the volume used to tlie nearest 0.01 nil. 

Calculate the potassium content of the sodiuni tetraplienylborate solution (4.3). expressed in inilligrainiiie 
equivalents, by the following formula : 

0.4 O .4 
Vo 50- 25-  Vo T =  

2 5 - - X -  ( 2  25) 

where 
T is the nuniber of  milligramme equivalents of potassium corresponding t o  1 nil o f  the sodiuni 

tetraphenylborate solution (4.3), expressed to four decimal places; 

is the volume of  quaternary ammonium salt solution (4 .2)  used for tlie titration, expressed in 
millilitres to two decimal places. 

V,  
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4.4 Potassium chloride, 0.02 N standard solution. 

In a 1000 ml one-mark volumetric flask, dissolve 1.491 g of potassium chloride previously dried in an oven 
at  a temperature of  105 t o  110 "C for 3 hours, then cooled to  room temperature in a desiccator. 

Dilute to  the mark and mix thoroughly. 

4.5 Broniophetrol blue, 0.4 g/l solution. 

In a 1 O0 ml one-mark volumetric flask, dissolve 0.040 g of bromophenol blue using about 3 ml of approxi- 
mately 0.01 N sodium hydroxide solution. Dilute to  the mark with water and mix thoroughly. 

5. APPARATUS 

Ordinary laboratory apparatus and 

5.1 10 ni l  niicroburc.ttc, graduated in 0.01 ml. 

6 .  PROCEDURE 

6.1 

6.2 

6.3 

6.4 

Preparation of test sample 

Grind the laboratory sample until it passes completely through a 500 pm nominal mesh sieve.* 

NOTI' ,  The nioi\ture content 0 1  the laboratory sarnplc may vary ;ipprcciably ;I\ ii rcwlt 01' grinding and sifting. I t  is advi\ÿblc 
to  dctcrniinc the moisture content of the ground and sifted product (test sample) heforc determining its potassium content so 
as to  tic ahle to relütc i t  to the original product (laboratory sample). the moisturc content of which should also be dctcrniined. 

Determination of the  moisture content of the laboratory sample and of the  test sample 

Determine the moisture contents of the two samples by the method described in IS0 Recommendation R 3053 
Potassium chloride for  industrial use ~ Detenniriatioti of moisture coritent ~ Gravirnetric method. 

Test portion 

Weigh. to the nearest 0.001 g ,  a mass of the test sample prepared as described in clause 6.1, containing a 
maximum of 500 milligramme equivalents of  potassium, i.e. about 37 g of potassium chloride. 

Preparation of the sample solution 

Place the test portion (6.3) in a 1000 ml beaker and dissolve it with 800 ml of boiling water. 

Cool t o  ambient temperature, transfer quantitatively t o  a 1000 ml one-mark volumetric flask, dilute 
to the mark, and mix thoroughly. If the  solution is cloudy, filter it through a dry filter paper, reject 
the first portions of the filtrate and collect the remainder in a dry receiver. Take, by means of a burette, 
40.0 ml of this solution, place in a 1000 ml one-mark volumetric flask, dilute t o  the mark and mix 
thoroughly. 

* See IS0 Recommendation R 5 6 9 ,  W o w t i  wire cloth and perjorated plates iri test sieves - Nominal sizes O] apertures, Table I .  
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6.5 Determination 

Take 20.00 ml of the sample solution (6.4) and place in a 5 0  ml one-mark volumetric flask. 

Add, in succession, 2 drops of bromophenol blue solution ( 4 . 9 ,  the volume of hydrochloric acid solution (4.1) 
necessary to make the colour of the indicator turn to  pure yellow and 25.00 ml of the sodium tetraphenyl- 
borate solution (4.3). Dilute t o  the mark, mix and allow t o  stand for about 5 minutes. 

Pass through a dry filter intended for normal filtration, discarding the first portions of the filtrate and collecting 
the filtered solution in a dry vessel. 

Take 25.00 ml of the filtrate and place in a 100 ml conical flask. 

Add 10 drops of the bromophenol blue solution ( 4 . 9 ,  then the volume of hydrochloric acid solution (4.1) 
necessary t o  make the colour of the indicator turn t o  pure yellow, plus an excess of 2 ml of this solution (4.1). 
Without waiting, titrate, drop by drop, with the quaternary ammonium salt solution (4.2) until the colour of 
the indicator changes from yellow to  green, then read the volume used to  the nearest 0.01 ml. 

NOTE. - If the presence of ammonium ions in the sample is suspected, it is advisable to apply the following procedure : 

Take 20.00 ml of the sample solution (6.4) and place in a 1 O 0  ml beaker. Add 1 ml of a sodium hydroxide solution, 2 N 
approximately. and evaporate to dryness. Add a few millilitres of water, and heat to dissolve the salts. Cool, add, in succession, 
2 drops of bromophenol blue solution (4.5) and thc volume of hydrochloric acid solution (4.1) necessary to make the colour 
of the indicator turn to pure ycllow. Transfer the solution quantitatively to a 50 ml one-mark volumetric flask, add 25.00 ml 
of the sodium tetraphenylborate solution (4.3). dilute to the mark, mix and al low to stand for about 5 minutes. Continue 
the determination from the third paragraph of clause 6.5. 

7. EXPRESSION OF RESULTS 

7.1 

7.2 

7.3 

Potassium content,  expressed as potassium (K), is given, as a percentage by mass, in the test sample (ground 
and sifted product) by the following formula : 

25 - Vi 
4887.6 X T X - m 

where 
T is the number of milligramme equivalents of potassium corresponding to  1 ml of the sodium 

tetraphenylborate solution (4.3), expressed t o  four decimal places (see clause 4.3.2); 

is the volume of the quaternary ammonium salt solution (4.2) used for the titration, expressed in 
millilitres to  two decimal places; 

is the mass of the test portion, expressed in grammes t o  three decimal places. 

V, 

m 

Potassium content,  expressed as potassium (K), is given, as a percentage by mass, in the laboratory sample 
(untreated product) by the following formula : 

2 5 - V ,  100-H 
4887.6 X T X  - X  - m 100- h 

where 
H 

h 

is the percentage by mass of moisture in the laboratory sample (untreated product); 

is the percentage by mass of moisture in the test sample (ground and sifted product) 

Potassium content,  expressed as potassium oxide (K,O), is given, as a percentage by mass, in the laboratory 
sample (untreated product) by the following formula : 

2 5 - V ,  100-H 
5887.5 X T X  ~ X ___ m 100- h 
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