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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Fertilizers and soil conditioners — Determination
of water-soluble potassium content — Potassium
tetraphenylborate gravimetric method

1 Scope

This
pota
purp
This
equiy

International Standard specifies a gravimetric method for the determination of thew
5sium content of test solutions of fertilizers. It is suitable for use in arbitration @nd f
oses.

International Standard is applicable to those fertilizers containing more* than 1,
ralent amount of K content.

2

The
indig
refen

Normative references

following documents, in whole or in part, are normatively‘referenced in this docunj

ences, the latest edition of the referenced document (including any amendments) appl

IS0 3696:1987, Water for analytical laboratory use — Specification and test methods

ISO §317, Fertilizers — Determination of water-soluble potassium content — Preparation of the|

Principle
Prec|pitation of potassium ions present.in an aliquot portion of the test solution (previo
with|bromine water and activated eharcoal if cyanamide and/or organic materials are
sodiym tetraphenylborate in a weakly alkaline medium in the presence of disodium ethyl
tetraacetatedihydrate (EDTA disodium salt) to eliminate interference by ammonium ion
metdl cations.

Filtration of the precipitate; drying and weighing.

Reagents

pensable for its application. For dated references, onlyythe edition cited applies. F

ater-soluble
br reference

% K20 or

ent and are
or undated
es.

test solution

usly treated
present) by
bnediamine-
s and other

.Therelated

IS : elateld laws and
regulatlons of the state

During the analysis, use only reagents of recognized analytical grade, and water conforming to grade 3
of ISO 3696:1987

4.1 Sodium tetraphenylborate, approximately 15 g/L solution.

Dissolve 7,5 g of sodium tetraphenylborate [NaB(CgHs)4] in 480 ml of water. Add 2 ml of the sodium
hydroxide solution (4.4) and 20 ml of a 100 gram/litre (g/L) solution of magnesium chloride hexahydrate
(MgClp-6H20). Stir for 15 min and filter through the filter paper (5.2).

This solution may be stored in a plastics bottle for not longer than 1 month. Filter immediately before
use.

© ISO 2015 - All rights reserved
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4.2 Sodium tetraphenylborate, wash solution.

Dilute 1 volume of the Sodium tetraphenylborate solution (4.1) with 10 volumes of water.

4.3 EDTA, disodium salt, 40 g/1 solution.

Dissolve 4,0 g EDTA disodium salt in water in 100 ml graduated flask. Make up to the volume and mix.

4.4 Sodium hydroxide, 400 g/L solution.

Dissolve 0,5(g of phenolphthalein in 100 ml of 95 % (volume fraction) ethanol.

4.6 Brom
months.

ine water, saturated solution, approximately 3,2 % (w/v) bromine; shelf life of less than 6

4.7 Chargoal, activated, which does not adsorb or liberate potassium ions.

5 Apparptus and materials

During the gnalysis, use only glassware of grade A, and the following?

5.1 Gooch crucibles, having a sintered glass or porcelain dis¢ef porosity grade P 10 or P 16 (pore¢ size

index of 4 um to 16 um).
5.2 Quantitative filter paper (intermediate speed).

5.3 Drying oven, capable of being controlled at120°C + 5°C.

5.4 Usual

6 Testsolution

Use the clea

Weigh, to th
test portion

I solution prepared as specified in ISO 5317, also described as follows:

e nearest 0,00¥ g, 5 g of the prepared test sample to form the test portion. Transfe
to the flaskrwith 400 ml of water. Bring to a boil and continue to boil for 30 min. Coq

laboratory equipment, including pipettes, beakers (250 ml), and volumetric flasks, ¢

r the
] the

contents of nto a

dry beaker.

the flaskland transfer to the volumetric flask. Dilute to the mark, mix well and filter i
Discard\the first 50 ml of filtrate.

7 Procedure
7.1 Aliquot portion of test solution

7.1.1 Procedure in the presence of cyanamide and/or organic materials
Preparation of the test solution as specified in ISO 5317.

Transfer, by means of a pipette, an aliquot portion, V1, of the test solution (Clause 6), containing 50 mg to
100 mg of potassium oxide (K20), preferably about 80 mg, to a 250 ml beaker. Add 5 ml of the bromine
water (4.6) and boil the solution until all the bromine has been removed and then, if necessary, to reduce
the volume to less than 100 ml. Allow the solution to cool to ambient temperature and transfer it to a
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100 ml volumetric flask. Add about 0,5 g of the activated charcoal (4.7) and shake vigorously. Dilute with
distilled water to the mark and mix well.

Filter the solution and use a pipette to transfer 50 ml of the filtrate into a 250 ml beaker.

7.1.2 Procedure in the absence of cyanamide and/or organic materials

Transfer, by means of a pipette an aliquot portion, V1, of the test solution (Clause 6) containing 25 to
50 mg (preferably 40 mg) of K20 to a 250 ml beaker and adjust the volume to approximately 50 ml by
dilution or evaporation.

NOTE Hthrecontentof fertitizer samptecanmot bespecifted; usetire proceduredescribed i 71 1.

7.2 | Determination

Further treat the aliquot portion of the test solution (7.1) as follows.

Add 20 ml of the EDTA solution (4.3) and 3 to 5 drops of the phenolphthalein'solution (4.5). Add, drop by
drop} the sodium hydroxide solution (4.4) until a pink colour appears and then add 1 ml of the sodium
hydrpxide solution in excess.

Slighitly boil for 15 min.

The
and,

Rem

bolution should remain pink. If it does not, add 1 to 3 dfeps of the phenolphthalein s
if necessary, restore the pink colour by adding, drop by~drop, the sodium hydroxide so

pve the beaker from the steam bath and immediately add, drop by drop, while stirring,

tetraphenylborate solution (4.1).

Cont
stan

Weig
desid

nue stirring for 1 min then cool rapidly te‘dmbient temperature in running water 4
| for 15 min.

h the filter crucible (5.1) previouslydried in the oven (5.3) controlled at 120 + 5 °C, an
cator and then weighed to the nearest 0,000 1 g.

Decalnt the supernatant liquid through the crucible. Rinse the beaker and precipitate 3 to 5

total

Dry 1
a defq

7.3

Carr

7.4

of about 40 ml of the wash solution (4.2), followed by 5 ml of water.

he crucible and precipitate in the oven (5.3) controlled at 120 + 5 °C for 90 minutes, all
iccator and weigh.tgthe nearest 0,000 1 g.

Blank test

y out a blank test at the same time as the determination.

blution (4.6)
ution. (4.5).
B0 mL of the
nd allow to
1 cooled in a

[imes with a

bw to cool in

Periodic quality control

Carry out a quality control test periodically as the determination using K2S04 standard material.

8 Expression of results

8.1

Calculation

The potassium content, expressed as a percentage by mass as potassium (K) or as potassium oxide
(K20), is given by Formula (1) and Formula (2).

a) i

f cyanamide and/or organic materials are present

[(my—my )—(my —m3) |xfxVyx200

© ISO
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b) if cyanamide and/or organic materials are absent

[(mz —my)—(my —m3)]xfo0 x100
mO XVl

(2)

where
mp is the mass, in grams, of the test portion;

m1 is the mass, in grams, of the filter crucible;

my is tireTmass; i grams,; of the crucibteamd precipitate;
m3 is the mass, in grams, of the crucible used for the blank test;
my is the mass, in grams, of the crucible used for the blank test and the corresponding precipitate;

Vo is the volume, in millilitres, of the test portion (volume in which the test portion was dis-
solyed;

V1 is the volume, in millilitres, of the aliquot portion of the test portionitaken for the determipa-
tion);

f isalfactor which, if the potassium content is expressed as patassium (K), is equal to 0,109]l or
if the potassium content is expressed as potassium oxide (K20), is equal to 0.,1314.

8.2 Precision

8.2.1 Ring test

Details of Ring test on the precision of the method are summarized in Annex A.
8.2.2 Repleatability, r
Repeatability limit r: 0,19 %

8.2.3 Reproducibility, R

Reproducibility limit R: 0,006-2m + 0,305 2, in which m represented the concentration of K7O0.

9 Testre¢port

The test replort shall contain at least the following information:

a) all inforimation necessary for the complete identification of the sample;

b) test method used with reference to this International Standard (i.e. ISO 17319);
c) testresults obtained;

d) date of sampling and sampling procedure (if known);

e) date when the analysis was finished;

f) whether the requirement of the repeatability limit has been fulfilled.

All operating details not specified in this standard, or regarded as optional, together with details of any
incidents that occurred when performing the method, which might have influenced the test results.

4 © IS0 2015 - All rights reserved
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Annex A
(informative)

Report of Method Accuracy

A.1 Overview

ReviLw of ISO standard on determination of potassium content in fertilizer

The ¢urrent effective ISO standard on determination of potassium content in fertilizeris IS
[S0 §310:1986 specifies a titrimetric method (volumetric method) for the determination of th
content of fertilizers.

The principle of ISO 5310:1986 is as follows:

— IPrepare a test solution as specified in ISO 5317 or ISO 7407;

5310:1986.
e potassium

— IPrecipitate the potassium ions present in an aliquot portion-0f the test solution (previgusly treated

yith bromine water and activated charcoal if cyanamidé’and/or organic materials pj
¢xcess amount of sodium tetraphenylborate (NaTPB) inia weakly alkaline medium;

esented) by

— Tilterand determine the unreacted NaTPB by back-titration with cetyltrimethylammonium bromide

CTAB) solution, using thiazol yellow (Titan yellow) as the indicator.

As alkind of volumetric method, this method would be expected to have an increased p
deviation when it is used for analyzing high concentration potassium samples due to the hig
ratio|

Aboljshed ISO standard: ISO 5318:1983\(withdrawn in 2008).

[SO 3318:1983 specifies a gravimetric method for the determination of the potassium cont
solutiions of fertilizers. It is suifable for use in arbitration and for reference purposes.

The principle of ISO 5318;1983 is as follows:
— Preparation of a test solution as specified in SO 5317;

— IPPrecipitationief potassium ion present in an aliquot portion of the test solution (previo
yvith bromin€ water and activated charcoal if cyanamide and/or organic materials pi
INaTPB.in d weakly alkaline medium in the presence of ethylene diaminetetraacetic

ossibility of
her dilution

ent of a test

usly treated
esented) by
hcid (EDTA)
onium ions;

Iisodium salt and formaldehyde (HCHO) to eliminate the possible interference by amnj

iltration of the precipitate drying and weighing

The method mentioned in ISO 5318:1983 was proposed by Ford in 1956 and itis one of the classic methods

for determination of potassium content. It has been recognized as the official method for de

termination

of potassium content by AOAC (Association of Official Analytical Chemists, US), CEN (ComiteEuropeen
de Normalization, EU), and SAC (Standardization Administration of the People’s Republic of China).

This method calls for precise concentration control of the concentration of alkali (NaOH) solution, it may

have an increase of the possibility of deviation by badly control of the concentration of al

kali (NaOH)

solution. Since the reaction between formaldehyde with ammonium ion (NH4+) is reversible:

6HCHO+4NH,, CI+4NaOH < (CH; ) N4 +4NaCl+10H, 0

This reaction will form hexamethylenetetramine, namely, urotropin.

© ISO 2015 - All rights reserved
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In this reversible reaction, the ammonium ion (NH4*) can be well screened under the concentration
of NaOH higher than 0,05 mol/L; Otherwise, namely, when the concentration of NaOH is lower than
0,05 mol/L, Formula (A.1) will turn back to its left side to form more ammonium ions (NH4*), which may
lead to an unexpected precipitation of ammonium tetraphenylborate (NH4TPB) in the solution, by the
combination of sodium tetraphenylborate (NaTPB) with ammonium ions (NHz*).

On the other hand, in order to maskall the ammonium ions (NH4*) under the alkali condition, some
other cations such as Ca(lIl), Mg(Il), Fe(IlI) will form precipitation of hydroxide and/or phosphate, so
ethylene diaminetetraacetic acid (EDTA) is needed here to mask all the other cations may exist in the
solution. Data has shown that the Fe(III) in the solution will form precipitation of iron hydroxide under

the concentration of NaOH higher than 0,16 mol/L.

Considering
on alkali (N§
there will bq

On the othey
is definitely
a long perio
these proce
of HCHO aq.
tract. All the
to this meth

China’s effd

In order to
the interfer
the accurac
internationg

During a loj
adding form
added, even
speculation
evaporated

NH;+0

A.2 Deta

A.2.1 Tes

all the restrictions mentioned above, the standard ISO 5318:1983 has a strict require
WOH) concentration which should be controlled between 0,05 mol/L~0,16 mol/L, Qther
e significant deviation on test results.

hand, from the EH&S point of view, there exists a common view that formaldehyde (H
not an environment-friendly substance. HCHO will undergo a polymerization process u

bses will cause tears of the operators. As a Group [ carcinogenic substance (see MSDS

from Sigma-Aldrich), formaldehyde causes sensitization to eyes,skin as well as respir
se shortcomings will definitely do harm to the health of operators, and bring about diffi
od practically.

rt towards solving existing problems

solve those as-mentioned problems, we have established a method which can elim
ence of ammonium ion (NH4*) without adding-formaldehyde. The test for determ

1 ring test report (Annex to the CD2).

ng-term of practices, we have confitmed that the potassium content determined wit
aldehyde after heating in alkali condition is almost the same as the one with formaldg
though thereisalarge amount ofammoniumion (NH4*) existing in the sample. A prelimi
is thatammonium ion (NH4*)umay form ammonia (NH3) in alkali solution and then be tq
iinder constant heating.

heating
—

H™ NH; T +H,0
jled Accuraey Test

 methods of ISO 17319

ment
wise,

CHO)
nder

 of reservation; it calls for a pretreatment process of filtrating before taken as the reagent,

sheet
itory
culty

inate
ining

y and precision of our newly-established method can be found as follows and also ip our

hout
hyde
nary
tally

(A.2)

A.2.1.1 Pr

inCiple

Heating the test solution in an alkaline medium (NaOH) to eliminate the interference of ammonium ion
(NH4%), adding disodium ethylenediamine-tetraacetate dehydrate (EDTA, disodium salt) to eliminate
interference of other metal cations, then precipitation of potassium ions in an aliquot portion of the
test solution by sodium tetraphenylborate in an alkaline medium to get potassium tetraphenylborate
precipitate. Filtration of the potassium tetraphenylborate precipitate, drying and weighing.

A.2.1.2 Test methods

The procedures are basically the same as the one specified in ISO 5318, the key difference here is no
formaldehyde will be added in the test solution.

© ISO 2015 - All rights reserved
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.2 Results and Discussion

2.1 Testsamples

Sixteen typical samples of potassium sulfate from China, USA and Germany, 5 different formulas of
compound fertilizers, 1 organic-inorganic compound fertilizer, 2 standard reference materials of
potassium chloride and potassium sulfate have been selected as test samples, which are of different
specifications and prepared by various technique to guarantee a wide range of representatives of the

samples.
A.2. Compara method o (with vs.
withiout HCHO)
In or{der to validate the practicability of our test methods without HCHO, we carried -out ¢omparative
test by 2 analysis methods of potassium sulfate (K2504) sample (with vs. withoutl}#¢HO), the test results
are as follows (Table A.1):
Table A.1 — Results of K20 concentrations with and without HCHO, in the unit|of %
Np. of With Without beDtl\f\fg?relnt(;io No. of With Without b£ ‘cle\fEZflnti/io
sample HCHO HCHO sample HCHO HCHO
methods methods

001 51,53 51,40 0,13 009 52,16 52,15 0,01

002 50,83 51,07 -0,24 010 49,52 49,72 -0,20

003 51,69 51,85 -0,16 011 28,65 28,92 -0,27

004 48,60 48,79 -0,19 012 50,92 51,04 -0,12

005 51,46 51,19 0,27 013 51,70 51,46 0,24

006 50,92 50,99 <0,07 014 50,94 50,98 -0,04

007 48,20 48,20 0,00 015 37,28 37,50 -0,22

008 46,24 46,24 0,00 016 26,42 26,28 0,14
Tabl¢ A.1 has shown clearly;that the absolute difference between the two methods|is between
0,00|% approximately 0,27 %, which lies in the range of absolute difference between pprallel tests
specified in ISO 5318 (noymore than 0,39 %), which indicates that the test results of the tivo methods
(with vs. without HCHO) are highly comparative.
To fyrther validate-that there is no significant difference between the two methods (with vs. without
HCHO), we have(chosen No.001 sample to carry out 5 parallel tests by two methods (with vs. without
HCHO), the«esults are as follows (Table A.2):

Table A.2 — Replicated 5 test results of K20 concentrations of sample 001: methods
with/without HCHO, 1n the unit ot %

No. of sam- with HCHO without HCHO

ple

001 52,45 | 52,40 | 52,24 | 52,04 | 52,28 | 52,41 | 52,37 | 52,31 | 52,22 | 52,08

Data from Table A.2 are taken for F-tests, variations of both the two set of data from the two methods
(with vs. without HCHO) are compared firstly.

nq=>5, f1=4, $1=0,160

np=5, fr=4 $2=0,132

“Fealculation=512/522=1,47

© ISO 2015 - All rights reserved
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Referring to the one side numerical table of F-value (with confidence coefficient = 95 %), we found
Feritical = 6,39. Since Fcalculation = 1,47 < Feritical = 6,39, it indicates that the variations of both the two
sets of data have no significant difference, which also means the precision of both the two methods have
no significant difference.

Combined standard deviation, s, can be calculated as follows:

2

—_ 2 _
5= > (xin )+ (xi2 =) 0,206 (A4)
ny+ny—2

Then we us¢T-TesTS ON The TWO Sets of data {ToIm the two methods (with vs-without HCHOJ, to verify if
there is any|systematic difference between the two sets of data:

X1 —X n{ —n
t calculatidn :l 1 < 2| 'Jnl +n2 =0,03,P=0,90,f=8 (A.5)
1 2

Referring to the two side numerical table of t,fvalue, we found teg0s = 1,86, Ppince
tealculation =10 03 < tp.10,8 = 1 86, it indicates that there is no significant difference-between the datalfrom
both methods (with vs. without HCHO).

All the statistical work here illustrates that both the two methods (withiws. without HCHO) are equally
effective for the determination of the potassium content of potassium’ sulfate (K2S04) sample. |Both
methods shgre a high quality of accuracy and precision. We will show'more details on applying ourf new
method (without HCHO) below.

A.2.2.3 Precision test of the new method (without HCHO) of potassium sulfate (K2S04) sample

To further validate the precision of the new method (without HCHO), we choose 3 representative samples
to carry out]5 parallel tests, and a Dixon test was carried out to validate the precision of data from the
new method (without HCHO). The results are as{ollows (see Table A.3).

Table A.3 hgs shown clearly that the range of data from parallel tests is between 0,11 % approximiately
0,33 %, whifh lies in the range of absolute difference between parallel tests specified in ISO 531B (no
more than 0,39 %) and shows a good guality of precision of the new method (without HCHO).

Referring fo the numerical _table of Q.0s55)-value, we found Q.55 = 0,642 Fpince
Qcalculation § Q(0.05,5) = 0,642, we.also found a good quality of precision of the new method (without
HCHO).

Table A,3'< Precision test results of the new method (without HCHO)

No. of Arithmetic Range Standayrd
: Test results (%) Data for Dixon tests Deviation
sample average (%) (%) (%)
46,21 46,24 Q1=0,379
008 46,31 46,10 46,25 0,29 Q5=0,276 0,11
46,39 Q(0.05,5) = 0,642
52,41 52,37 Q1=0,424
009 52,31 52,22 52,28 0,33 Q5=0,121 0,13
52,08 Q(0.05,5) = 0,642
37,29 37,62 Q1=0,151
015 37,34 37,37 37,45 0,33 Qs=0 0,16
37,62 Q(0.05,5) = 0,642

8 © IS0 2015 - All rights reserved
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A.2.2.4 Potassium oxide content of potassium sulfate (K2S04) sample by new test method
(without HCHO) (see Table A.5)

The parallel differences lie between 0,02 % and 0,38 %, all within the allowable deviation and indicate
the good parallelism of the new method (without HCHO).

Table A.4 — The K70 content of the sample, in the unit of %

No. of parallel No. of parallel
' Replicate results | Average | differ- ' Replicate results |Average| differ-
sample sample

ence ence
0p1 51,47 51,32 51,40 0,15 009 52,22 52,08 5215 0,14
0p2 51,01 51,13 51,07 0,12 010 49,71 49,74 49,72 0,03
0p3 51,98 51,72 51,85 0,26 011 28,86 28,97, 28,92 0,11
0p4 48,78 48,80 48,79 0,02 012 51,11 50198 51,04 0,13
0p5 51,10 51,28 51,19 0,18 013 51,43 51,48 51,46 0,05
0p6 51,07 50,91 50,99 0,16 014 50,88 51,08 50,98 0,20
op7 48,01 48,39 48,20 0,38 015 3737 37,62 37,50 0,25
0p8 46,10 46,39 46,24 0,29 016 26,39 26,16 26,28 0,23

A.2.2.5 The applicability of the new method (without-HCHO) — Test on compound fertilizer and
organic-inorganic compound fertilizer

To verify the method’s applicability of different fertilizers, we choose compound fertilizer (fefrtilizer with

the most complicated compositions) and organie4dnorganic compound fertilizer to be the test sample to
verifly the practicability and accuracy of our new method (without HCHO).

A.2.2.5.1 Testsamples

Six dfifferent compound potassium fertilizer samples with different forms of nitrogen, listed as follows:

Table A.5 < Six different compound potassium fertilizer samples

Sample No. |N:P:K basic fertilizers
1 6-10-20 ammonium nitrate, thiamine, ammonium phosphate, calcium super-
phosphate, potassium sulfate, potassium nitrate
7~4<9 Urea, thiamine, ammonium phosphate, potassium chloride
12-7-6 Urea, calcium magnesium phosphate, ammonium phosphate,|magne-
sium potassium sulfate, organic matter (25 %)
4 17-4.-5 ammaonium Ph]nridn’ ammonium phncphafn' calcium cnpnvp]’ osphate’
potassium chloride
5 12-8-8 Urea, Ammonium carbonate, ammonium chloride, thiamine, ammonium
phosphate, calcium superphosphate, potassium chloride
6 8-8-9 Urea, ammonium chloride, calcium superphosphate, potassium chloride

A.2.2.5.2 Recovery Test
We have chosen potassium chloride (KCI) GR reagent and standard reference material potassium sulfate

(K2S04, GBW 06503) for recovery test (with HCHO vs. without HCHO), and study on the recovery rate of
KCl in the presence of NHs*.
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The test procedures are as follows: weigh a certain amount of KCl, K2S04, NH4Cl reagent, dilute to
250 mL in a constant volume flask, draw 25 mL filtrate after filtration and operate basically according
to ISO 5318. The results are as follows.

Table A.6 — Test of recovery- KCl and K2S04

Sample Sample NH4Cl with HCHO without HCHO
weight weight precipi- blank | recovery | precipi- blank | recovery
(8) tate tate
K2504 0,553 2 / 0,2294 | 0,0016 100,30 0,228 5 0,001 5 99,94
0,4989 / 0,206 0 0,001 6 99,78 0,2074 | 0,0015 100452

KCl 0,489 4 1,118 6 0,250 2 0,004 6 104,52 0,241 4 0,002 5 101/67
0,507 8 1,118 6 0,260 5 0,004 6 104,96 0,247 9 0,002 5 100j66

K20% of standard reference material K2S04

standard reference Certificate value with HCHO without HCHO
K2S04(GBW 06503) 53,95 + 0,14 53,97 54,08

From the anfalysis of experimental data for pure reagent KCl and standard reference material K»SOl, we
can find sat|sfactory recovery rates with methods both with and without HCHO.

With the ex]stence of NHs+, the experimental data for pure reagent KCl by the method with HCHQ will
show a relatiively higher result, the recovery rate will rise by 3¢% ca. This phenomenon will also appeal
in the experfiment on compound fertilizer as shown below.

To validate the accuracy of our new method (with HCHOQ)for compound fertilizer and organic-inorganic
compound fprtilizer, we choose 2 compound fertilizers'and 1 organic-inorganic compound fertiliz¢r for
recovery tegt:

Table A.7 — Recovery test - compound fértilizer and organic-inorganic compound fertilizer by

new method (with HCHO)
Sample Weight, | Standard |precipitate | Precipitate, | Precipitate,| Recovery | Recoyery
g material | calculated g in practi- | standard Ratd%
added, from cal, material, R
ecoyery
g standard g g rate
material %)
added,
g

compound ferti- 19990 |0,4026 |0,1654 0,261 5 0,168 5 04101 101,87

1112” N-P-KF20<8-15 0387 [04033 |01657 |0,2632 01684 [04099 [101,63
(urea, ammonium
phosphate, potas-
sium chloride)

NOTE 1 Blank experiments precipitation is 0,001 2 g

NOTE 2 The standard reference material added is pure reagent grade potassium sulfate, with the content of K20 0f 53,98 %.
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Table A.7 (continued)
Sample Weight, | Standard |precipitate| Precipitate, | Precipitate,| Recovery | Recovery
g material | calculated g in practi- | standard Rate%
added, from cal, material, R
ecovery
g standard g g rate
material o
added, °
8
compound 2,0239 (04026 |0,1654 0,264 9 0,167 7 0,408 2 101,39
f\]e_rlfj'”:rm_m_w 2,0693—T04033—0,1657 16,2670 68,1677 6,4682—101,21
(ammonium
phogphate-nitrate,
ammonium phos-
phate, potassium
nitrate)
organic-in- 2,3213 |0,3525 10,1448 0256 4 0.1421 03459 98,14
orggnic com- 2,4604 |0,3532 01451 0,267 3 0,146 3 03561 [100,83
pound fertilizer
N-P-K = 12-7-6
[urep, calcium
magnesium phos-
phatle, ammonium
phogphate, mag-
nesipm potas-
sium sulfate, with
orgdnic matter
(25 %)]
NOTE 1 Blank experiments precipitation is, 0,001 2 g
NOTE 2 The standard reference material added is pure reagent grade potassium sulfate, with the content of K20 0of 53,98 %.
Fron) Table A.7 we found that{the recovery rates (without HCHO method) of different potassium raw
mategrial compound fertilizers and organic-inorganic compound fertilizer lie between 98,14 % and
101,87 %, which indicate§ @ high quality of accuracy.
A.2.2.5.3 Comparison between two methods: with vs. without HCHO by 6 samples of yarious
nitrogen forms
Test b samples-of various nitrogen forms by the above two methods (with vs. without HCHO), and the
results areas follows:
11
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Table A.8 — Comparison between two methods: with vs. without HCHO

Sample No. Method with HCHO Method without HCHO
Measurement value average Measurement value average
1 }gﬁf 19,62 1926 19,48
2 ggg 9,52 3(1)3 9,14
3 S 5,46 2o 5,28
4 g'(l)g 5,14 238 4,90
5 ik 8,50 o re 8,22
6 g;? 9,80 gig 9,47
From Table A.7 we found that the potassium content value (with HCHO) are-generally a little bit hjgher

than the dat
recovery raf

A2.2.6 Lo

The principle to determine the lower limit of the new method\(without HCHO) is as follows.

Test the blaj
Calculate th

The lower li
deviation.

Ten blank ej
0,0005g,0,
The standarn

Referring tq
2,8%(0,002 7

The lower a

a obtained from our new method (without HCHO). This phefiomenon is consistent wit
e of reagent KCI.

wer application limit of the new method (without HCHO)

1k for 10 times under the same conditions ofdesting the sample
e standard deviation of these 10 blank'data.

mit of the new method (without HGHO) can be given as 10 times of the calculated stan

(periments precipitation weight:
D00 4¢,00000g,0,0003g,0,0002,g,0,0004g,0,0002g,0,0003g,00005g,and 0,00
d deviation of these-10 data = 0,000 152 g.

this International Standard, the repeatability limit is 0,193 %, the reproducibility li
m + 0,109)in which m represented the concentration of K7O.

pplication limit of chemical analysis could be calculated as 10 times of the detection lin

h the

dard

D3g.

nit is

nit.

Calculation

bfivapplication lower limit is as follows:

0,015 2 x 0,131 4 x 500 x 100/(2,0 x 50) = 1,0 %

So, the new method (without HCHO) is applicable to those fertilizers containing more than 1,0 % K20 or
equivalent amount of K content.

A.3 Conc

lusion

Based on all the test data above, the method without adding formaldehyde can simplify the testing
procedure, avoid the harm to operating person, and reduce the adverse effects on the environment.
The accuracy, precision and repeatability etc. are all consistent with the original method (also ref to the
ring test report for precision). It can fulfill the potassium determination requirements of all kinds of
fertilizers. It is suitable as the candidate to be adopted as an ISO standard.
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Annex B
(informative)

Interlaboratory testing

B.1 Overview

The IInternational Laboratories Ring Test of this International Standard has been accomplished from Sep.
2012 to Dec. 2012. There are 14 laboratories participating in the 2 parallel tests on edach three samples,
including one lab from Iran, one lab from Indonesia, one lab from Canada, and ¢h1.1aboratories from
Chinp. This international ring test was conducted by Shanghai Research Institute‘of Chemigal Industry,
P. R.[China, the statistician analysis and final report was prepared by Shanghai Research| Institute of
Chemical Industry, P. R. China.

The following are the 14 laboratories participating in the 2 parallel tests-on each three saniples.
— $hanghai Research Institute of Chemical Industry, Testing Cehter, China

— Potash Corp of Saskatchewan, Canada

— l.aboratory of PT. Hanampi Sejahtera Kahuripan, Indenesia

— $oil and water research institute of Iran, Iran

— Jiangsu Province Products Quality Supervising and Testing Institute, China

— Hunan Province Products Quality Supervising and Testing Institute, China

— $handong Province Products Quality-Supervising and Testing Institute, China
— (wuizhou Province Products Quality Supervising and Testing Institute, China

— Heilongjiang Province Products Quality Supervising and Testing Institute, China
— Xingjiang Uygur Autonemous Region Products Quality Supervising and Testing Institufe, China
— $handong Kingenta Ecological Engineering Co. Ltd, Quality Supervising Center, China
— Yunnan Progince Chemical Products Quality Supervising and Testing Center, China

— $hangharEntry-Exit Inspection and Quarantine Bureau, China

— (hina-Arab Fertilizer Co. Ltd, Quality Supervising Center, China

NOTE The sequence of those laboratories in the listabove has no relation with the sequence of data mentioned
below.

The test method described in this International Standard was adopted here for determination of
potassium contents in the fertilizer samples.

Three different kinds of fertilizer samples were used during the ring test, and each with several mean
levels. There are sample A-NPK compound fertilizer(formula: 16-6-20 basic fertilizers include nitric acid;
phosphorus ore; liquefied anhydrous ammonia; Monoammonium phosphate and potassium sulfate),
sample B-Potassium chloride 62 %, sample C-Organic and inorganic compound fertilizer (formula:8-7-10
organic matter 20 % basic fertilizers include urea; ammonium phosphate; potassium sulfate; humic
acids and rape cake). The potassium oxide contents in the fertilizer samples lie in 10 %~60 %.

The precision of the test results is evaluated based on ISO 5725-2:1994.
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B.2 Statistical analysis of the test results of potassium contents

B.2.1 Original test results

There are 14 laboratories participated in the determination of potassium contents in fertilizers. The test
results were listed in Table B.1, with the unit of %.

Table B.1 — Original test results of the determination of potassium contents

Laboratory Level j

{ A B € |
1 19,90 19,98 62,86 62,70 10,58 10,7d)
2 19,51 19,62 62,44 62,40 10,42 10,51
3 19,63 19,64 62,54 62,58 10,19 10,18
4 19,51 19,57 62,39 62,54 10,48 10,33
5 19,51 19,53 62,26 62,18 10,48 10,48
6 19,83 19,85 62,40 62,43 10,35 10,34
7 19,72 19,88 61,98 62,12 10,24 10,36
8 19,72 19,73 62,32 62,39 10,41 10,46
9 19,78 19,79 62,44 62,29 10,44 10,54
10 19,53 19,55 61,77 61,87 10,24 10,3%
11 19,93 19,74 62,08 62,12 10,53 10,51
12 19,76 19,80 62,61 62,43 10,44 10,43
13 19,69 19,66 62,30 62,25 10,45 10,60
14 19,67 19,65 62,25 62,05 10,23 10,0513

B.2.2 Cell means

The cell medns of the determination-ofpotassium contents were listed in Table B.2, with the unit qf %.

Table B.2 — Célljmeans of the determination of potassium contents

Laboratory Level j
! A B C
1 19,94 62,78 10,64
2 19,565 62,42 10,465
3 19,635 62,56 16,485
4 19,54 62,465 10,405
5 19,52 62,22 10,48
6 19,84 62,415 10,345
7 19,8 62,05 10,3
8 19,725 62,355 10,435
9 19,785 62,365 10,49
10 19,54 61,82 10,295
11 19,835 62,1 10,52
12 19,78 62,52 10,435
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Laboratory Level j
{ A B C
13 19,675 62,275 10,525
14 19,66 62,15 10,155

B.2.3 Cell absolute differences

The cell absolute differences of the determination of arsenic contents were listed in Table B.3, with the

unit pf %.
Table B.3 — Cell absolute differences of the determination of potassium cont¢nts
Laboratory Level j

[ A B C

1 0,08 0,16 0,12

2 0,11 0,04 0,09

3 0,01 0,04 0,01

4 0,06 0,15 0,15

5 0,02 008 0

6 0,02 0,03 0,01

7 0,16 0,14 0,12

8 0,01 0,07 0,05

9 0,01 0,15 0,1

10 0,02 0,1 0,11

11 0,19 0,04 0,02

12 0,04 0,18 0,01

13 0,03 0,05 0,15

14 0,02 0,02 0,15
B.2.4 Scrutiny of results for consistency and outliers
Graphical consistency technique by Mandel’s h and k statistics:
Calcylate the between-laboratory consistency statistic h, as well as the within-laboratory|consistency
statistic k, for each level of each laboratory. Plot the h and k values for each cell in order gf laboratory
resp :r'fivn]y’ to-get the Mandel’'shandk grnphc
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