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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
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INTERNATIONAL STANDARD ISO 1656:2014(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 International 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
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ThisSIr:lternational Standard specifies a macro-method and a semi-micro method\for the d
fogen in raw natural rubber and in natural rubber latex using variants ofithe Kjeldah|l process.

The determination of nitrogen in natural rubber is usually carried outin'order to arrive

protein content. Minor amounts of non-proteinous nitrogen containing constituents are

rer,in the dry solids prepared from natural rubber latex, these material$.can make a substantig
total nitrogen content.

ormative references

bllowing documents, in whole or in part, are norimatively referenced in this docur

indispensable for its application. For dated references, only the edition cited applies.

refere
ISO 1
ISO1
ISO1
1SO/T

3 P

A kno
amo
into a

The d
titrat

nces, the latest edition of the referenced document (including any amendments) app
L3, Rubber latex — Sampling

P4, Latex, rubber — Determination of total solids content

/95, Rubber, raw natural and raw'synthetic — Sampling and further preparative proceq

R 9272, Rubber and rubberproducts — Determination of precision for test method staf

rinciple
wn mass of thé sample is digested with a mixture of sulfuric acid, potassium sulfate,

moniurmhiydrogen sulfate from which the ammonia is distilled after making the mix

istilled"ammonia is absorbed either in standard volumetric sulfuric acid solution
on.-of the excess acid with a standard volumetric base solution or in boric acid solu

ptermination

At an estimate
also present.
| contribution

nent and are
For undated
ies.

ures

dards

and catalytic

ts of copper Sulfate and selenium or sodium selenate, thereby converting nitrogen compounds

rure alkaline.

followed by
fion followed

dosd o1, aatiio ool
tartvoTramceT

afion cazitl od oo
AaCTrOTT VvV ICIT STATT

by tit

indicator used for this titration).

4 Macro-method

4.1

Reagents

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade and only
distilled water or water of equivalent purity.
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4.1.1 Catalyst mixture or catalyst solution

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

4.1.1.1 Catalyst mixture

Prepare a finely divided intimate mixture of the following:

30 parts

four part

by mass of anhydrous potassium sulfate (K25S04);

ts by mass of copper sulfate pentahydrate (CuS04-5H>0);

one par
(NazSeO

4.1.1.2 Cat

Dissolve, wit]

— 110 gof
— 14,7 g of
— 3,7gofg
4.1.2 Sulfu
4.1.3 Sulfu
4.1.4 Sodi
4.1.5 Sodi
Dissolve 400
4.1.6 Bori

Dissolve 10,5

solution to r¢om temperatire.

4.1.7 Mixe

Dissolve 0,1

by mass of selenium powder or two parts by mass of sodium selenate dec¢ahy
4 10H20).

alyst solution

h heating, the following:
hnhydrous potassium sulfate;
copper sulfate pentahydrate;

elenium or 7,49 g of sodium selenate, in 600 cm3 of sulfuric acid (4.1.2).
ric acid, p = 1,84 g/cm3.

ric acid standard volumetric solution, c(H2504) = 0,05 mol/dm3.

im hydroxide standard volumetrie¢ solution, c((NaOH) = 0,1 mol/dm3.

im hydroxide solution, c(NaOH}-approximately 10 mol/dm3.

g of solid sodium hydroxidein 600 cm3 of water and dilute to 1 000 cm3.

C acid solution, c(H3B03) approximately 0,17 mol/dm3.

g of solid boric/acid in water, warming if necessary, and dilute to 1 000 cm3 then co

d indicator solution.

b of methyl red and 0,05 g of methylene blue in 100 cm3 of at least 95 % (V/V) ethano|.

drate

ol the

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

4.2 Apparatus

Ordinary laboratory apparatus and Kjeldahl apparatus, with a digestion flask of capacity 800 cm3.

4.3 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 ISO 1795.

For the determination of nitrogen in latex, a representative portion (as specified in [SO 123) of thoroughly
mixed latex containing about 2 g of total solids shall be dried to constant mass, as specified in [SO 124.

© ISO 2014 - All rights reserved
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4.4 Procedure

4.4.1 Cutabout 2 g of the rubber or dried latex, 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 (4.1.1.1) and 60 cm3 of the

sulfuric acid (4.1.2) or, alternatively, 65 cm3 of the catalyst solution (4.1.1.2). Mix the content

by swirling and then boil gently until the solution is clear. Continue boiling for 1 h.

NOTE
before being discharged.

Allow the digestion flask and its contents to cool to room temperature then cautiously ad

s of the flask

Acidic fumes evolved during digestion will be trapped in an alkaline solution and will be neutralized

d 200 cm3 of

water

A | . iaals
dallu TIITA U_y O VVII 11115-

Place
then 5
funng

the receiving flask containing the absorbing solution in position, connect the distillaf
lowly add 150 cm3 of the sodium hydroxide solution (4.1.5) to the digestion flask fro
1.

4.4.2| Carry out the absorption and titration of the liberated ammonia bythe procedure
4.4.2.l or 4.4.2.2. The temperature of the receiving flask shall be maintained below 30 °C tq
loss of ammonia.

NOTE Ensure proper disposal of the selenium-containing waste imrthe distillation flask.

4.4.2
soluti
solut;E
below
thoro
until
of the
acid g

1 Place 75 cm3 of water and, by means of a pipette, 25.¢m3 of the standard volumetrig
n (4.1.3) in the receiving flask of the distillation unit together with two drops of mi
n (4.1.7). Position the receiving flask so that theeid of the delivery tube from the co
the surface of the absorbing solution. While holding the stopper of the digestion f
Lghly mix the contents by swirling. Immediately commence distillation and continue af
P00 cm3 of distillate have been collected. If the colour of the indicator changes, it indicg

absorbing solution. Discontinue the determination and repeat the procedure using 1
r a smaller test portion.

Whern
the cq

the distillation is complete (normally, when the volume in the flask reaches about 300
ntents with the sodium hydroxide solution (4.1.4), reading the burette to the nearest

4.4.2
two d
titrate

2 Place 100 cm3 of the-boric acid solution (4.1.6) in the receiving flask of the distillaf
rops of the mixed indicator solution (4.1.7). Carry out the distillation as described i
e the distillate withithe sulfuric acid solution (4.1.3), reading the burette to the nearest

NOTE If the corgentrations of the standard volumetric solution used are not exactly as specific
reagefts, appropriate corrections are to be made.

4.5 |Blank-test

In par

kel with the determination carrvoutablanktoctucinathe camao
Se-AER-te-geter iRt o R - od - B test HIERe-SaHRe

ion unit, and
m a dropping

described in
prevent any

sulfuric acid
ked indicator
ndenser dips
ask in place,
a steady rate
tes alkalinity
more sulfuric

cm3), titrate
0,02 cm3.

ion unit with
n 4.4.2.1 and
0,02 cm3.

bd in the list of

hts under the

- orOTT It TTT

same operating conditions but omitting the test portion.

4.6 Expression of results

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 Formula (1):

© IS0 2014 - All rights reserved


https://standardsiso.com/api/?name=11baf85e7fd3a7360e2692e9fd031285

ISO 1656:2014(E)

(V, —V,)xcx0,014

x 100

m

where

M

V1 is the volume, in cubic centimetres, of sodium hydroxide solution (4.1.4) required for the titra-

tion;

V2 is the volume, in cubic centimetres, of sodium hydroxide solution (4.1.4) required for the titra-

tion

in the blank test;

c s th[ concentration of sodium hydroxide;

m isth

Express the 1

4.6.2 Whe
the rubber, e

(v.-v.)

mass, in grams, of the test portion.

esults to the nearest 0,01 %.

kpressed as a percentage by mass, is given by Formula (2):

< ¢ x 0,028

where

x 100
m

V3 isth

V4 is the volume, in cubic centimetres, of sulfuric acid solution (4.1.3) required for the titrati
the Blank test;

¢ isthe concentration of sulfuric acid;

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

Express the 1

5 Semi-micro method

5.1 Reage

During the a
distilled wat

volume, in cubic centimetres, of sulfuric acid sélution (4.1.3) required for the titrati

esults to the nearest 0,01.%.

nts

halysis, unless otherwise stated, use only reagents of recognized analytical grade an
br or Water of equivalent purity.

L boric acid is used as the absorbing solution as specified in 4.4.2.2,.the nitrogen content of

(2)

on;

on in

l only

5.1.1 Cata

yStmixture

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 the following:

— 30 parts

by mass of anhydrous potassium sulfate (K2504);

— four parts by mass of copper sulfate pentahydrate (CuSO4-5H20);

— one part by mass of selenium powder or two parts by mass of sodium selenate decahydrate
(NazSe04-10H30).

5.1.2 Sulfuricacid, p = 1,84 g/cm3.

4
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5.1.3 Sulfuric acid standard volumetric solution, c(H2S04) 0,01 mol/dm3.

5.1.4 Sodium hydroxide solution, c(NaOH) approximately 10 mol/dm3.

Dissolve 400 g of solid sodium hydroxide in 600 cm3 of water and dilute to 1 000 cm3.
5.1.5 Sodium hydroxide, standard volumetric solution, c(NaOH) = 0,02 mol/dm3, carbonate-free.

5.1.6 Boric acid solution, c(H3B03) approximately 0,17 mol/dm3.

Dissolve 10,5 g of solid boric acid in 200 cm3 of water, warming if necessary. and dilute to 1 000 cm3,
then ¢ool the solution to room temperature.

5.1.7| Mixed indicator solution.
Disso|ve 0,1 g of methyl red and 0,05 g of methylene blue in 100 cm3 of at least®5% (V/V) ethanol.

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

5.2 (Apparatus

Ordinary laboratory apparatus and the following are to be used.
5.2.1] Semi-micro Kjeldahl digestion apparatus.

5.2.1]1 Digestion flasks of capacity 30 cm3 and10 cm3 (for an example of a typical apparatus, see
Figure 1, Figure 2, and Figure 3).

5.2.1]2 Automated digestion block (for anrexample of a typical apparatus, see Figure 10).

5.2.2] Semi-micro Kjeldahl distillation unit, with a condenser tube of silver, borosilicatg glass, or tin
(for ap example, see Figure 4 to Figure 9).

T

5.2.3| Semi-micro burette ef capacity 5 cm3 or 10 cm3, graduated in 0, 02 cm3 division

5.3 [Sampling andpreéparation of test portion

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

For the detérmination of nitrogen in latex, a representative portion (as specified in [SO 123) ¢f thoroughly
mixe<|l latex containing about 0,1 g of total solids shall be dried to constant mass, as specifig¢d in [SO 124.

5.4 Procedure

5.4.1 Weigh to the nearest 0,1 mg, 0,1 g to 0,2 g of the rubber or dried latex and place in a digestion
flask (5.2.1.1). Add about 0,65 g of the catalyst mixture (5.1.1) 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
become clear and green with no yellow tint.

NOTE Acidic fumes evolved during digestion will be trapped in an alkaline solution and will be neutralized
before being discharged.

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

© IS0 2014 - All rights reserved 5
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Bring the water in the steam generator of the distillation unit to boil and pass steam through the semi-
micro Kjeldahl distillation unit (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 operation. Meanwhile, cool the digestion
flask to room temperature or below, add 10 cm3 of water, and immediately transfer the contents to the
distillation flask at the conclusion of the steaming-out process. Complete 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 been 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.

NOTE En

sure proper disposal o the selenium-containing waste 1n the distillation rlask.

5.4.2.1 Add from the semi-micro burette (5.2.3) to the steamed-out receiver of the distillation-app3

a measured Y

olume of sulfuric acid solution (5.1.3), using at least 5 cm3 (the exact volumé-depend

the amount ¢f nitrogen expected), together with two drops of the mixed indicator sahition (5.1.7

about 5 cm3
below the su

Add approxi
of a measuri
12 min at su
indicator chq
repeat the pr

When the di
level of the a

of water. Position the receiver so that the end of the delivery tube from‘the condense

iratus
ng on
) and
r dips

face of the acid. It is an advantage to tilt the receiver slightly to gain a greater depth of liquid.

mately 15 cm3 of the sodium hydroxide solution (5.1.4) to the distillation flask by 1
hg cylinder and pass steam from the generator through thedistillation flask for 10 1
Ch a rate that the final volume of liquid in the receiver is,dbout 70 cm3. If the colour
inges, indicating alkalinity of the absorbing solution, diScontinue the determinatio
ocedure using more sulfuric acid or a smaller test pertion.

stillation is complete, lower the receiving flask until the tip of the condenser is aboj
Cid, continue the distillation for another 1 min.and then rinse the tip of the condense

with a few c
contents of

bic centimetres of water which shall be collécted in the distillate. Inmediately titra
e receiving flask with the sodium hydroxide solution (5.1.5), reading the burette

nearest 0,02 |cm3.

5.4.2.2 Pla
two drops of
note that, in

e about 10 cm3 of the boric acid,solution (5.1.6) in the steamed-out receiving flas}
the mixed indicator solution (5.1.7). Carry out the distillation as described in 5.4.2.
the presence of boric acid,*the indicator colour should change immediately distillat

ammonia commences. Titrate the distilate with sulfuric acid solution (5.1.3), reading the burette

nearest 0,02

5.5 Blank

In parallel w
same operat

5.6 Expre

cm3.

test

neans
nin to
of the
n and

e the
- tube
e the
o the

¢ with
1, but
jon of
to the

th the determination, carry out a blank test using the same quantities of reagents undgr the

ng conditipns but omitting the test portion.

ssion of results

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 Formula (3):

© ISO 2014 - All rights reserved
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(v, —V,)xcx0,014

x 100 (3)
m

where

V1 is the volume, in cubic centimetres, of sodium hydroxide solution (5.1.5) required for the titra-
tion;

V2 is the volume, in cubic centimetres, of sodium hydroxide solution (5.1.5) required for the titra-
tion in the blank test;

c| 1s the concentration of sodium hydroxide;

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

Exprgss the results to the nearest 0,01 %.

5.6.2] When boric acid is used as the absorbing solution as specified in.5.4)2.2, the nitrogen content of
the rybber, expressed as a percentage by mass, is given by Formula (4);

(V —V)xcxo,ozs

3 4

x 100 4)
m

B is the volume, in cubic centimetres, of sulfuri¢.acid solution (5.1.3) required for thg titration;

W4 is the volume, in cubic centimetres, of sulfuric acid solution (5.1.3) required for thg titration in
the blank test;

c| isthe concentration of sulfuric acid;

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

Exprgss the results to the nearest 0,01 %.

6 Precision

See Ahnex B.

7 Test report

The testreport shall include the following information:

a) reference to this International Standard (i.e. ISO 1656) and the method used;
b) all details necessary for the identification of the material tested;

c) results and the units in which they are expressed;

d) any unusual features noted during the determination;

e) any operation notincluded in this International Standard or in the International Standards to which
reference is made and any operation regarded as optional;

f) date of the test.

NOTE If the concentrations of the standard volumetric solutions used are not exactly as specified in the list
of reagents, appropriate corrections are to be made.

© ISO 2014 - All rights reserved 7
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Dimensions in millimetres

2

CI O O OO gzg;j:\§>@§
5

0
T

Yy _C_» -

e

Sy _C_» i

b
Rif

i 32 55 55 55 55 55 32 ;
| |
Key
1 shelf made of heat-resistant, thermally insulating material
2 exhaust fube
3 digestio]]\ flask
4 micro-bjyirner
5 supportrod with adjustment for angle and length
NOTE Wlhere no tolerances are shown, normal workinhg tolerances are allowed.

Figure 1 — Assembly of digestion apparatus for the semi-micro method
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Dimensions in millimetres

T
+
Z 450
B 8§ 5 , 5 5 . 5 55 1
s ! ! ! ! ! !
6 | | | | | |
623 ‘"; \‘
6x $22 DN
RS
s
Key
1 nternal flange
a Wall 1,5 mm to 2,25 mm.
b Wall 1,25 mm to 1,75 mm.
NOTE Where no tolerances are shown, normal working tolerarices are allowed.

Figure 2 — Exhaust tube for the semi-micro method

© ISO 2014 - All rights reserved 9
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Key
1 spout

2 labelling badges

NOTE

10

Dimensions in millimetres

<215 <215
15 1,5
1 1
1 | - 1
| LN |
2\ 2\
Tl ]
°18 3 &1 |
P17 = 8
@17

50
.
s

L/ s
L0 @30
a) 30 cm3 flask b) 10 cm3 flask

Wlhere no tolerances are’shown, normal working tolerances are allowed.

Figuré 3 — Digestion flasks for the semi-micro method
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Elevation
(Three-quarter view as indicated by plan below)

Key
funnel, 2 50mm

spring clip

(@}

ndensertube
ndensér

Q

nnecting tubes bent to fit after flasks are in position
steam-generating flask (1 dm3 flask with bolthead)
trap

spring clip
distillation flask

O© 0 N O U1 o W N =
(@}

Figure 4 — Assembly of distillation apparatus for the semi-micro method
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Dimensions in millimetres

©
%,
'd-"
45 \%,\
"IV
—
*\'1 =
oe 73
gext. 15!
+g
o g 8
= 0
Q?’
.
pext. 32 +f
mn
=]
dext. 21-40'5"

-
/
230

1
b >
[l N /e

L
\\\_//1

dext. 4 +0,5

dext. 36 +f

pext. 48 +f

12
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1  jacket highly evacuated

a  Wall 1,25 mm to 1,75 mm.
b Wall 0,5 mm to 1 mm.

c Wall 1,5 mm to 2,25 mm.
d  Wall 1 mmto 1,5 mm.

e  Hole2 3 mm to 24 mm.

NOTE Where no tolerances are shown, normal working tolerances are allowed.
Figure 5 — Distillation flask for the semi-micro method
Dimensions
dext. 20
!
2 |
i &
| T +
| P
. 40 ke
| -
| E
| ©
g |
) |
| b
dext. 50 +1
i
o [
N |
dext. 8 +0,5
Key
a  Wall 1,25 mm to 1,75 mm.
b Wall 1,25 mm to 2,25 mm.
NOTE Where no tolerances are shown, normal working tolerances are allowed.

Figure 6 — Trap for the semi-micro method
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Dimensions in millimetres
dext. 1
dint. 8

20

®ext. Z0 0.5

250

40

20

dext. 1
dint. 8

Figure 7 — Condenser jacket for the semi-micro method

dext. 50

10

éint. 8

NOTE Where no tolerances are shown, normal working tolerances are allowed.

Figure 8 — Drip funnel for the semi-micro method
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ISO 1656:2014(E)

Dimensions in millimetres
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NOTE Where no tolerances are shown, normal working tolerances are allowed.

Figure 9 — Condenser tube for the semi-micro method
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