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Foreword 

IS0 (the International Organization for Standardization) is a worldwide 
federation of national standards bodies (IS0 member bodies). The work of 
preparing International Standards is normally carried out through IS0 
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. IS0 
collaborates closely with the International Electrotechnical Commission 
(IEC) on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an International 
Standard requires approval by at least 75 % of the member bodies casting 
a vote. 

International Standard IS0 1656 was prepared by Technical Committee 
ISOfTC 45, Rubber and rubber products. 

This third edition cancels and replaces the second edition (IS0 1656:1988), 
which has been technically revised. 

Annex A of this International Standard is for information only. 

0 IS0 1996 

All rights reserved. Unless otherwise specified, no part of this publication may be 
reproduced or utilized in any form or by any means, electronic or mechanical, including 
photocopying and microfilm, without permission in writing from the publisher. 

International Organization for Standardization 
Case Postale 56 l CH-121 1 Geneve 20 l Switzerland 
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INTERNATIONAL STANDARD @ IS0 IS0 1656:1996(E) 

Rubber, raw natural, and rubber latex, natural - 
Determination of nitrogen content 

WARNING - Persons using this International Standard should be familiar with normal laboratory practice. 
This standard does not purport to address all of the safety problems, if any, associated with its use. It is the 
responsibility of the user to establish appropriate safety and health practices and to ensure compliance 
with any national regulatory conditions. 

1 Scope 

This International Standard specifies a macro-method 
and a semi-micro method for the determination of ni- 
trogen in raw natural rubber and in natural rubber latex 
using variants of the Kjeldahl process. 

NOTE 1 The determination of nitrogen in natural rubber is 
usually carried out in order to arrive at an estimate of the 
protein content. Minor amounts of non-proteinous nitrogen- 
containing constituents are also present, however, and in 
the dry solids prepared from natural rubber latex these ma- 
terials can make a substantial contribution to the total nitro- 
gen content. 

2 Normative references 

The following standards contain provisions which, 
through reference in this text, constitute provisions of 
this International Standard. At the time of publication, 
the editions indicated were valid. All standards are 
subject to revision, and parties to agreements based 
on this International Standard are encouraged to in- 
vestigate the possibility of applying the most recent 
editions of the standards indicated below. Members 
of IEC and IS0 maintain registers of currently valid 
International Standards. 

IS0 123: 1985, Rubber latex - Sampling. 

IS0 124:1992, Rubber latices - Determination of 
total solids con tent. 

IS0 1795:1992, Rubber, raw, natural and synthetic - 
Sampling and further preparative procedures. 

ISOfTR 9272:1986, Rubber and rubber products - 
Determination of precision for test method standards. 

3 Principle 

A known mass of the sample is digested with a mix- 
ture of sulfuric acid, potassium sulfate, and catalytic 
amounts of copper sulfate and selenium or sodium 
selenate, thereby converting nitrogen compounds into 
ammonium hydrogen sulfate from which the ammonia 
is distilled after making the mixture alkaline. 

The distilled ammonia is absorbed 

- either in standard volumetric sulfuric acid solution 
followed by titration of the excess acid with a 
standard volumetric base solution; 

- or in boric acid solution followed by titration with 
standard volumetric acid solution (as boric acid is 
a weak acid, it does not affect the indicator used 
for this titration). 

4 Macro-method 

4.4 Reagents 

During the analysis, unless otherwise stated, use only 
reagents of recognized analytical grade and only dis- 
tilled water or water of equivalent purity. 
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IS0 1656:1996(E) @ IS0 

4.1.1 Catalyst mixture or catalyst solution. 4.2 Apparatus 

CAUTION - When working with selenium, avoid Ordinary laboratory apparatus and 
breathing vapours and/or contact with skin or 
clothing.-Work only with adequate ventilation. Kjeldahl apparatus, with a digestion flask of capacity 

800 cm3. 

4.1.1.1 Catalyst mixture 

Prepare a finely divided intimate mixture of 4.3 Sampling and preparation of test portion 

- 30 parts by mass of anhydrous potassium sulfate 
(K2S04); 

- 4 parts by mass of copper sulfate pentahydrate 
(CuSO,m5H,O); 

- 1 part by mass of selenium powder, or 2 parts 
by mass of sodium selenate decahydrate 
(Na2Se04=l OH*O). 

For the determination of nitrogen in raw solid rubber, 
a test portion shall be taken from the homogenized 
piece, sampled and prepared in accordance with 
IS0 1795. 

For the determination of nitrogen in latex, a represen- 
tative portion (see IS0 123) of thoroughly mixed latex 
containing about 2 g of total solids shall be dried to 
constant mass as specified in IS0 124. 

4.1 .I .2 Catalyst solution 

Dissolve, with heating, 4.4 Procedure 

- 110 g of anhydrous potassium sulfate, 4.4.1 Cut about 2 g of the rubber or dried latex, 

- 14,7 g of copper sulfate pentahydrate, 

- 3,7 g of selenium, or 7,49 g of sodium selenate, 

in 600 cm3 of sulfuric acid (4.1.2). 

4.1.2 Sulfuric acid, p I,84 g/cm3. 

4.13 Sulfuric acid, standard volumetric solution, 
c(H2S04) = 0,05 moI/dm”. 

4.1.4 Sodium hydroxide, standard volumetric sol- 
ution, c(NaOH) = 0,l moI/dm”. 

4.1.5 Sodium hydroxide, solution, 
c(NaOH) = 10 mol/dm”. 

weighed to the nearest 0,5 mg, into small pieces and 
place in the digestion flask (see 4.2). Add about 13 g 
of the catalyst mixture (4.1 .I .I ) and 60 cm3 of the sul- 
furic acid (4.1.2) or, alternatively, 65 cm3 of the cata- 
lyst solution (4.1 .I .2). Mix the contents of the flask by 
swirling, and then boil gently until the solution is clear. 
Continue boiling for a further 1 h. 

Allow the digestion flask and its contents to cool to 
room temperature, cautiously add 200 cm3 of water 
and mix by swirling. 

Place the receiving flask containing the absorbing sol- 
ution in position, connect the distillation unit, then 
slowly add 150 cm3 of the sodium hydroxide solution 
(4.1.5) to the digestion flask from a dropping funnel. 

4.4.2 Carry out the absorption and titration of the 
liberated ammonia by the procedure described in 
4.4.2.1 or 4.4.2.2. The temperature of the receiving 
flask shall be maintained below 30 “C to prevent any 
loss of ammonia. 

Dissolve 400 g of solid sodium hydroxide in 600 cm3 
of water. 

4.1.6 Boric acid, solution, c(H,BO,) = 0,17 mol/dm3. 

Dissolve 40 g of solid boric acid in 1 dm3 of water, 
warming if necessary, and cool the solution to room 
temperature. 

4.1.7 Mixed indicator, solution. 

Dissolve 0,l g of methyl red and 0,05 g of methylene 
blue in 100 cm3 of 96 % (V/V) ethanol. 

This indicator may deteriorate during storage and shall 
therefore be freshly prepared. 

4.4.2.1 Place 75 cm3 of water and, by means of a 
pipette, 25 cm 3 of the standard volumetric sulfuric 
acid solution (4.1.3) in the receiving flask of the dis- 
tillation unit, together with two drops of mixed indi- 
cator solution (4.1.7). Position the receiving flask so 
that the end of the delivery tube from the condenser 
dips below the surface of the absorbing solution. 
While holding the stopper of the digestion flask in place, 
thoroughly mix the contents by swirling. Immediately 
commence distillation and continue at a steady rate 
until 200 cm3 of distillate have been collected. If the 
colour of the indicator changes, indicating alkalinity of 
the absorbing solution, discontinue the determination 
and repeat the procedure using more sulfuric acid or a 
smaller test portion. 
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@ IS0 

When the distillation is complete (normally when the 
volume in the flask reaches about 300 cm3), titrate the 
contents with the sodium hydroxide solution (4.1.4), 
reading the burette to the nearest 0,02 cm3. 

4.4.2.2 Place 100 cm3 of the boric acid solution 
(4.1.6) in the receiving flask of the distillation unit with 
two drops of the mixed indicator solution (4.1.7). Carry 
out the distillation as described in 4.4.2.1 and titrate 
the distillate with the sulfuric acid solution (4.1.3), 
reading the burette to the nearest 0,02 cm3. 

4.5 Blank test 

In parallel with the determination, carry out a blank 
test using the same quantities of reagents under the 
same operating conditions, but omitting the test 
portion. 

4.6 Expression of resultsl) 

4.6.1 When sulfuric acid is used as the absorbing 
solution as specified in 4.4.2.1, the nitrogen content of 
the rubber, expressed as a percentage by mass, is 
given by the formula 

0,14(vz - VI) 
m 

where 

V, is the volume, in cubic centimetres, of so- 
dium hydroxide solution (4.1.4) required for 
the titration; 

V2 is the volume, in cubic centimetres, of so- 
dium hydroxide solution (4.1.4) required for 
the titration in the blank test; 

m is the mass, in grams, of the test portion. 

Express the result to the nearest 0,Ol %. 

4.6.2 When boric acid is used as the absorbing sol- 
ution as specified in 4.4.2.2, the nitrogen content of 
the rubber, expressed as a percentage by mass, is 
given by the formula 

0,14w3 - v4) 

where 

V3 is the volume, in cubic centimetres, of sul- 
furic acid solution (4.1.3) required for the 
titration; 

V4 is the volume, in cubic centimetres, of sul- 
furic acid solution (4.1.3) required for the 
titration in the blank test; 

m is the mass, in grams, of the test portion. 

Express the result to the nearest 0,Ol %. 

5 Semi-micro method 

5.1 Reagents 

During the analysis, unless otherwise stated, use only 
reagents of recognized analytical grade and only dis- 
tilled water or water of equivalent purity. 

5.1 .I Catalyst mixture. 

CAUTION - When working with selenium, avoid 
breathing vapours and/or contact with skin or 
clothing. Work only with adequate ventilation. 

Prepare a finely divided intimate mixture of 

- 30 parts by mass of anhydrous potassium sulfate 
(K,SO,); 

- 4 parts by mass of copper sulfate pentahydrate 
(CuS04m5H,0); 

- 1 part by mass of selenium powder, or 2 parts 
by mass of sodium selenate decahydrate 
(Na2Se04=10H20). 

5.1.2 Sulfuric acid, p I,84 g/cm3. 

5.1.3 Sulfuric acid, standard volumetric solution, 
c(H2S04) = 0,Ol moI/dm3. 

5.1.4 Sodium hydroxide, solution, 
c(NaOH) = 10 moI/dm”. 

Dissolve 400 g of solid sodium hydroxide in 600 cm3 
of water. 

5.1.5 Sodium hydroxide, standard volumetric sol- 
ution, c(NaOH) = 0,OZ mol/dm3, carbonate-free. 

5.1.6 Boric acid, solution, c(H3BOs) = 0,17 moI/dm3. 

Dissolve 40 g of solid boric acid in 1 dm3 of water, 
warming if necessary, and cool the solution to room 
temperature. 

1) If the concentrations of the stand 
priate corrections should be made. 

ard volumetric solution used are not exactly as specified in the list of reagents, 
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5.1.7 Mixed indicator, solution. 

Dissolve 0,l g of methyl red and 0,05 g of methylene 
blue in 100 cm3 of 96 % (V/V) ethanol. 

This indicator may deteriorate during storage and shall 
therefore be freshly prepared. 

5.2 Apparatus 

Ordinary laboratory apparatus and 

5.2.1 Semi-micro Kjeldahl digestion apparatus, 
with digestion flasks of capacity 30 cm3 and 10 cm3 
(for an example of a typical apparatus, see figures 1, 2 
and 3). 

5.2.2 Semi-micro Kjeldahl distillation unit, with a 
condenser tube of silver, borosilicate glass or tin (for 
an example, see figures 4 to 9). 

5.2.3 Semi-micro burette, of capacity 5 cm3 or 
10 cm3, graduated in 0,02 cm3 divisions. 

5.3 Sampling and preparation of test portion 

For the determination of nitrogen in raw solid rubber, 
a test portion shall be taken from the homogenized 
piece, sampled and prepared in accordance with 
IS0 1795. 

For the determination of nitrogen in latex, a represen- 
tative portion (see IS0 123) of thoroughly mixed latex 
containing about 0,l g of total solids shall be dried to 
constant mass as specified in IS0 124. 

5.4 Procedure 

5.4.1 Weigh, to the nearest 0,l mg, 0,l g to 0,2 g of 
the rubber or dried latex and place in a digestion flask 
(see 5.2.1). Add about 0,65 g of the catalyst mixture 
(5.1 .I) and 3,0 cm3 of the sulfuric acid (5.1.2) and heat 
the contents carefully to the boiling point. Continue 
boiling for a further 30 min after the digest has be- 
come clear and green with no yellow tint. 

Avoid excess boiling, as indicated by a tendency for 
the digest to solidify on cooling, since this may lead to 
loss of nitrogen. 

Bring the water in the steam generator of the distil- 
lation unit to the boil and pass steam through the dis- 
tillation apparatus (5.2.2), including the receiving flask, 
for at least 2 min. The water-jacket of the condenser 
shall be empty of water during the steaming-out op- 
eration. Meanwhile, cool the digestion flask to room 

temperature or below, add 10 cm3 of water and im- 
mediately transfer the contents to the distillation flask 
at the conclusion of the steaming-out process. Com- 
plete the transfer by rinsing three times with 3 cm3 
portions of water and draining the flask thoroughly 
after each transfer. 

5.4.2 Discard any condensate which has collected in 
the receiver and complete the distillation and titration 
of ammonia by the procedure described in 5.4.2.1 or 
5.4.2.2. The temperature of the receiving flask shall be 
maintained below 30 “C to prevent loss of ammonia. 

5.4.2.1 Add from the semi-micro burette (5.2.3) to 
the steamed-out receiver of the distillation apparatus a 
measured volume of sulfuric acid solution (5.1.3), 
using at least 5 cm3 (the exact volume depending on 
the amount of nitrogen expected), together with two 
drops of the mixed indicator solution (5.1.7) and about 
5 cm3 of water. Position the receiver so that the end 
of the delivery tube from the condenser dips below 
the surface of the acid. It is an advantage to tilt the 
receiver slightly to gain a greater depth of liquid. 

Add approximately 15 cm3 of the sodium hydroxide 
solution (5.1.4) to the distillation flask by means of a 
measuring cylinder, and pass steam from the gener- 
ator through the distillation flask for 10 min to 12 min 
at such a rate that the final volume of liquid in the re- 
ceiver is about 70 cm 3. If the colour of the indicator 
changes, indicating alkalinity of the absorbing solution, 
discontinue the determination and repeat the pro- 
cedure using more sulfuric acid or a smaller test 
portion. 

When the distillation is complete, lower the receiving 
flask until the tip of the condenser is above the level 
of the acid, continue the distillation for another 1 min, 
and then rinse the tip of the condenser tube with a 
few cubic centimetres of water which shall be col- 
lected in the distillate. Immediately titrate the con- 
tents of the receiving flask with the sodium hydroxide 
solution (5.1.51, reading the burette to the nearest 
0,02 cm3. 

5.4.2.2 Place about 10 cm3 of the boric acid solution 
(5.1.6) in the steamed-out receiving flask with two 
drops of the mixed indicator solution (5.1.7). Carry out 
the distillation as described in 5.4.2.1, but note that, in 
the presence of boric acid, the indicator colour should 
change immediately distillation of ammonia com- 
mences. Titrate the distillate with sulfuric acid solution 
(5.1.3), reading the burette to the nearest 0,02 cm3. 

5.5 Blank test 

In parallel with the determination, carry out a blank 
test using the same quantities of reagents under the 
same operating conditions, but omitting the test 
portion. 
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5.6 Expression of results*) 6.2 Precision details 

5.6.1 When sulfuric acid is used as the absorbing 
solution as specified in 5.4.2.1, the nitrogen content of 
the rubber, expressed as a percentage by mass, is 
given by the formula 

O,O28(V2 - VI) 

where 

V, is the volume, in cubic centimetres, of so- 
dium hydroxide solution (5.1.5) required for 
the titration; 

V2 is the volume, in cubic centimetres, of so- 
dium hydroxide solution (5.1.5) required for 
the titration in the blank test; 

m is the mass, in grams, of the test portion. 

Express the result to the nearest 0,Ol %. 

5.6.2 When boric acid is used as the absorbing sol- 
ution as specified in 5.4.2.2, the nitrogen content of 
the rubber, expressed as a percentage by mass, is 
given by the formula 

O,O28(V3 - V4) 

where 

V3 is the volume, in cubic centimetres, of sul- 
furic acid solution (5.1.3) required for the 
titration; 

V4 is the volume, in cubic centimetres, of sul- 
furic acid solution (5.1.3) required for the 
titration in the blank test; 

is the mass, in grams, of the test portion. 

Express the result to the nearest 0,Ol %. 

6 Precision 

6.1 General 

The precision calculations to express repeatability and 
reproducibility were performed in accordance with 
ISO/TR 9272. Consult this Technical Report for pre- 
cision concepts and nomenclature. Annex A of this 
International Standard gives guidance on the use of 
repeatability and reproducibility. 

6.2.1 An interlaboratory test programme was organ- 
ized in late 1984 by the Rubber Research Institute of 
Malaysia. Two separate programmes were conduc- 
ted, one in March and one in July. Two types of ma- 
terial were sent to each laboratory: 

a) blended samples of two rubbers “A” and “B”; 

b) unblended (normal) samples of the same two ma- 
terials “A” and “B”. 

6.2.2 For both the blended and the unblended 
samples, a test result was taken as the mean of three 
separate determinations. 

6.2.3 The 
the nitroge 

semi-micro method was 
n content. 

to determine 

6.2.4 A “type 1” precision was measured in the inter- 
laboratory test programme. The time period for re- 
peatability and reproducibility was on a scale of days. 
A total of 14 laboratories participated in the pro- 
gramme for blended samples and a total of 13 labora- 
tories in the programme for unblended samples. 

6.3 Precision results 

The precision results for the blended-sample pro- 
gramme are given in table 1 and the results for the 
unblended-sample programme in table 2. 

7 Test report 

The test report shall include the following information: 

a) a reference to this International Standard and the 
method used; 

b) all details necessary for the identification of the 
material tested; 

c) the results and the units in which they are ex- 
pressed; 

d) any unusual features noted during the determi- 
nation; 

e) any operation not included in this International 
Standard or in the International Standards to 
which reference is made, and any operation 
regarded as optional; 

f) the date of the test. 

2) If the concentrations of the sta 
priate corrections should be made. 

ndard volumetric solutions used are not exactly as specified in the list of reagents, appro- 
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Table 1 - Type 1 precision - Blended-sample testing 

Average nitrogen 
Rubber sample 

r = repeatability, in percent by mass 
( 1 r = repeatability, in percent (relative) of the average 
R = reproducibility, in percent by mass 
(R) = reproducibility, in percent (relative) of the average 

Table 2 - Type 1 precision - Unblended-sample testing 

Average nitrogen Within-laboratory repeatability Interlaboratory reproducibility 
Rubber sample 

B 0,36 0,038 IO,82 0,185 51,9 
Pooled values 0,36 0,031 8,67 0,187 52,4 

See table 1 for symbol definitions. I 
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Dimensions in millimetres3) 

\ Exhaust tube 

Shelf made of heat- 
resistant, thermally 
insulating material 7 

Micro-burner 

LSupport rod with adjustment 
for angle and length 

Figure II - Assembly of digestion apparatus for the semi-micro method 

Dimensions in millimetres3) 

Wall I,5 mm to 2,25 mm - 6 holes, # 22 mm to cb 23 mm 

Internal 

I 
45” ’ v 

/ Wall I,25 mm to I,75 mm 

Figure 2 - Exhaust tube for the semi-micro method 

3) Where no tolerances are shown, normal working tolerances are allowed. 
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Dimensions in millimetres4) 

=7- 

Spout 

I 

Q1 18 
Q> 17 

1s 
L 

1 

a) 30 cm ’ flask b) IO cm3 flask 

21,S max. 

I+ 4c 

Figure 3 - Digestion flasks for the semi-micro method 

LabeLLing 
badges 

4) Where no tolerances are shown, normal working tolerances are allowed. 
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- Spring clip 

Funnel, 

Distillation flask- 

k- Condenser tube 

h- Condenser 

tubes bent to fit 
are in position 

Steam generating flask 
(I dm3 flask with bolthead) 

Elevation 
(Three-quarter view as indicated by plan below) 

Plan 

Figure 4 - Assembly of distillation apparatus for the semi-micro method 
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Dimensions in millimetres5) 

@ ext. 8 20,s 
\ 

@ ext. 7 20,s 

Wall I,25 mm 
to I,75 mm 

I 

Wail I,25 mm 
- I,75 mm 

Hole 

I= cb ext. 15 

3 

@3mmto@4mm 

mm to I,75 mm 
@ ext. 32 +I 

Wall I,25 

Wall 1 mm to ?,5 mm 
0ext.2120.5I 

Jacket highly evacuated 

Wall I,25 mm to I,75 mm 
@ ext. 36 21 c 

Wall I,5 mm to 2,25 mm 
SD ext. 48 tl _ 

Figure 5 - Distillation flask for the semi-micro method 

@ ext. 4 +0,5 Wall 0,s mm to 1 mm 

5) Where no tolerances are shown, normal working tolerances are allowed. 

10 
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