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INTERNATIONAL STANDARD 1ISO 5794/1-1984 (E)
Rubber compounding ingredients —
Silica,| precipitated, hydrated —
Part 1|: Non-rubber tests
1 Scope|and field of application 4 Sampling
Sampling shall be carried out in accordance with ]SO 842.
This part of [ISO 5794 specifies methods of test for charac-
terizing precipitated hydrated silica for use as a rubber com-
pounding indredient. A definition is given. b Methods of test
SO 5974/2 dpecifies methods of test for precipitated hydrated ~ _4\¢ Properties of precipitated hydrated silica shall be deter-
P mined by the methods of test referred to in table|1.
silica in compounded rubber.
Table 1 — Methods of test
2 Refergnces Property Methdd of test
Sili tent of dried ie, 1SO 3262/ cl 17,
1SO 787, Gegeral methods of test for pigments and extenders I;a(f,?/nmin ot aned sample except th if;utsﬁe ex-
pression ¢f results the
—  Part P : Determination of matter velatile at 105 °C. denominator shall be
My, wherg Mg is the
. L mass in grams of the
— Part. 9 : Determination of ,pH_value of an aqueous test portign taken in
suspensign. sub-clausp 11.2 of ISO
3262, not|the mass of
— Part| 10 : Determigation of density — Pyknometer ignited repidue ob-
method. tained in [i1.2.
Colour 1ISO 3262] clause 7
— Part| 18 : {Determination of residue on sieve by a Residue on sieve (nominal aperture size
mechanidal flushing procedure. 45 um) -
— for silica in powder form 1SO 3262] clause 8
ISO 842, Raw materials for paints and varnishes — Sampling. = 107 silica i other Torms 1SO787718
Matter volatile at 105 °C (loss on 1SO 787/2

ISO 3262, Extenders for paints.

SO 4652, Rubber compounding ingredients — Carbon black —

Determinatio
methods.

n of specific surface area — Nitrogen adsorption

3 Definition

precipitated hydrated silica : Material composed of amor-

phous partic

les obtained from soluble silicates by precipitation

from agueous solution.

heating)

Loss on ignition at 1 000 °C on dried
sample

pH of slurry

(Use a test portion of
2 g weighed to the
nearest 0,1 mg}

1SO 3262, clause 11

iSO 787/9

Total copper content, mg/kg
Total manganese content, mg/kg
Total iron content, mg/kg
Specific surface area, m2/g

Density, g/cm3

See annex A
See annex B
See annex C
See annex D
ISO 787/10
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1ISO 5794/1-1984 (E)

Annex A

Determination of total copper content

{This annex forms an integral part of the Standard.)

A.1 Principle

s silicon tetrafluoride.

A test portion ig A
acid and the siligon is volatilised a

Any metals in|the digested test portion are dissolved in
hydrochloric acifl then the solution is diluted and aspirated into
the flame of an atomic absorption spectrometer set at a
wavelength of 324,7 nm.

The method is dpplicable for the determination of copper con-

tents up to 125 mg/kg, and there is provision for extending the
range to 1 250 mg/kg.

A.2 Reagepts and materials

All reagents shajl be of recognized analytical grade. The water
used shall be digtilled water or water of equivalent purity.

WARNING — |All recognized health and safety precau-

tions shall be|taken when performing this method of
analysis.

A.2.1 Acetylene, compressed gas supply.
A.2.2 Air, compressed gas supply.

A.2.3 Hydroghloric acid, 10 % (m/m) solution.

Dilute 35 % (m/m) hydrochloric acid’ solution (20 cm3)
{050 = 1,18 g/gm3) with water (50.em3).

A.2.4 Hydrofluoric acid, 40-% (m/m) solution
(059 = 1,13 g/gmd).

A.2.5 Sulfuric acid, 98 % (m/m) solution
{09 = 1,84 g/gm3L

Pipette 50,0 cm3 of the standard copper solution (A.2.6)
into a 1dm3 volumetric flask, add 5cm3 of nitric acid
he-rrark-with-water and mix.

1 ¢cm3 of this standard solution contains 50 g-ef cogper.

A.2.8 Copper, standard solution corresponding to[10 mg of
Cu per cubic decimetre.

Pipette 50,0 cm3 of the standard copper solutiop (A.2.7)
into a 250 cm3 volumetric_flask, add 1 cm3 of niitric acid
(099 = 1,42 g/cm3), makewp to the mark with water|and mix.

1 cm3 of this standard selution contains 10 ug of copper.

NOTE — Commergially available standard copper solutiofs may be
used, if preferréd, instead of A.2.6, A.2.7 and A.2.8.

A.3 “Apparatus

Usual laboratory equipment and
A.3.1 Platinum dish, of capacity approximately 35 cm3.

A.3.2 Atomic absorption spectrometer, fitted with an
air-acetylene burner.

A.3.3 Analytical balance, capable of weighing tq 0,001 g.

A.4 Procedure

A.4.1 Test portion

Weigh, to the nearest 0,001 g, approximately 2 g ¢f sample
into the platinum dish (A.3.1).

A.2.6 Copper, standard solution corresponding to 1 g of Cu
per cubic decimetre.

Dissolve 1,000 + 0,001 g of high purity copper turnings in a
mixture of 10 cm3 of water and 5cm3 of nitric acid
(0p9 = 1,42 g/cm3) in a 100 cm3 beaker. Boil under a fume
hood to expel oxides of nitrogen. Cool, transfer to a 1 dm3
volumetric flask, make up to the mark with water and mix.

1 cm3 of this standard solution contains 1 000 ug of copper.

A.2.7 Copper, standard solution corresponding to 50 mg of
Cu per cubic decimetre.

A.4.2 Blank test
Carry out a blank test simultaneously with the determination,

using the same reagents and same procedures, but omitting
the test portion.

A.4.3 Preparation of the calibration graph

A.4.3.1 Preparation of standard calibration solutions

Into a series of six 50 cm3 volumetric flasks, transfer the
volumes of the standard copper solution (A.2.8) indicated in
table 2, dilute to the mark with water and mix.
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Table 2 — Standard calibration solutions for

determination of copper

ISO 5794/1-1984 (E)

Aspirate water into the flame after each measurement.

If the absorbance of the test solution is greater than that of the
standard calibration solution having the highest copper con-
tent, dilute 5 cm3 of the test solution to 50 cm3 with water,
repeat the measurement and take the dilution into account in

A.4.3.2 Spe¢trometric measurements

Aspirate each
the flame of t

f the standard calibration solutions, in turn, into
he atomic absorption spectrometer (A.3.2) and

record their absorbances at a wavelength of 324,7 nm, follow-
ing the instructions of the instrument manufacturer.

Aspirate water into the flame after each measurement.

A.43.3 Plot

Plot a graph

ing the graph

having, for example, the copper contents, in

micrograms pgr cubic centimetre, as abscissae and the cor-

responding va

ues of absorbance as ordinates.

A.4.4 Determination

A.4.41

Add 10 cm3
0,5 cm3 of su
(A.4.1) in the

Place the dis
evaporate und
fumes ceases.

Dissolve any r
(A.2.3) and tra
the mark wit
polyethylene b

A.4.4.2 Spe

Preparation of the test solution

f the hydrofluoric acid solution (A.2.4)\and
furic acid solution {A.2.5) to the test_portion
Hish (A.3.1).

h and contents on a heated\. sand tray and
br a fume hood until the evolution of dense white

esidue in 5 cm3 of the hydrochloric acid solution
nsfer to a 10 cm3.volumetric flask. Make up to
h water, and._fransfer the solution to a dry
ottle.

Ctrometric measurements

AL varnssigp of results

Volume of standard Corresponding
copper solution (A.2.8) copper content
cm3 ug/em3
0.5 01 the expression of results.
2,5 0,5
5,0 1,0
10,0 2,0
15.0 3.0
25,0 5,0

By reference to the calibration graph, determine {he copper
contents corresponding to the absorbanceslof the tdst solution
and the blank test solution.

The total copper content of the sample, expressed in|milligrams
per kilogram, is given by the formula.

10 (M, — M>)
m
where
M, is the “copper content, in micrograms [per cubic
centimetre, of the test solution;
M;~is the copper content, in micrograms |per cubic

centimetre, of the blank test solution;
m is the mass, in grams, of the test portion.

If the test solution was diluted as described in A.4.4)2, multiply
the formula by 10.

Express the result to the nearest 0,1 mg/kg.

A.6 Test report
The test report shall include the following informatfon :

a) all details required for complete identification of the
sample;

b) the test conditions;

Aspirate the testsolotomtA44Harmdtheblarmktestsotution
(A.4.2) into the flame of the atomic absorption spectrometer
and measure their absorbances at 324,7 nm, following the in-
structions of the instrument manufacturer. Repeat this pro-
cedure and record the mean values of absorbance of the test
solution and the blank test solution.

\ L fl oot oL 4 1
L G TeoUlt Ulanicu 1T ©atll Saltipic,

d) any deviations from the procedure specified which
might have affected the results;

e) a reference to annex A of this International Standard.
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Annex B

Determination of total manganese content

(This annex forms an integral part of the Standard.)

B.1 Principle

The principle is the same as for the determination of total

Pipette 60,0 cm3 of the standard manganese solution (B.2.6)
into a 1dm3 volumetric flask, add 5cm3 of nitric acid
{0og = 1,42 g/cmB), dilute to the mark with water and mix.

copper content {see clause A.1) except that the absorbance of
the test solutiof is measured at 279,5 nm and is compared with
the absorbancd of standard calibration manganese solutions.

The method is |applicable for the determination of manganese
contents up to[125 mg/kg, and there is provision for extending
the range to 1 P50 mg/kg.

B.2 Reagegnts and materials

All reagents shgll be of recognized analytical grade. The water
used shall be distilied water or water of equivalent purity.

WARNING —| All recognized health and safety precau-
tions shall bé taken when performing this method of
analysis.

B.2.1 Acetylene.

See annex A, sub-clause A.2.1.

B.2.2 Air.

See annex A, gub-clause A.2.2.

B.2.3 Hydrqgchloric acid solution.

See annex A, $ub-clause A.2.3.

B.2.4 Hydrdfluoric acid solutian.

See annex A, $ub-clause A2,4,

B.2.5 Sulfuric acid solution.

See annex A, sub-<clause A.2.5.

1 cm3 of this standard solution contains 50 pg ©f mhnganese.

B.2.8 Manganese, standard solution,_ corresppnding to
10 mg of Mn per cubic decimetre.

Pipette 50,0 cm3 of the standar@-manganese solution (B.2.7)
into a 250 cm3 volumetric flask, add 1 cm3 of hitric acid
(0y9 = 1,42 g/cm3), make(upto the mark with watdr and mix.

1 ¢cmB3 of this standard(splution contains 10 ug of manganese.

NOTE — Commercially available standard manganese sojutions may
be used, if preferfed, instead of B.2.6, B.2.7 and B.2.8.

B.3.~Apparatus

As specified in annex A, clause A.3.

B.4 Procedure

B.4.1 Test portion

See annex A, sub-clause A.4.1

B.4.2 Blank test

See annex A, sub-clause A.4.2.
B.4.3 Preparation of the calibration graph

B.4.3.1 Preparation of standard calibration solutions

Into a series of six 50 cm3 volumetric flasks, transfer the
volumes of the standard manganese solution (B.2.8} indicated

B.2.6 Manganese, standard solution corresponding to 1 g
of Mn per cubic decimetre.

Dissolve 1,000 + 0,001 g of high purity, oxide-free manganese
in a mixture of 50 cm3 of water and 5 cm3 of nitric acid
{099 = 1,42 g/cm3) in a 400 cm3 beaker. Boil under a fume
hood to expel oxides of nitrogen. Cool, transfer to a 1T dm3
volumetric flask, make up to the mark with water and mix.

1cm3 of this standard solution contains
manganese.

1000 pug of

B.2.7 Manganese, standard solution corresponding to
50 mg of Mn per cubic decimetre.

in table 3, dilute to the mark with water and mix.

Table 3 — Standard calibration solutions for
determination of manganese

Volume of standard Corresponding
manganese solution (B.2.8) manganese content
cm3 pg/cm3
0,5 0,1
2,5 0,5
5,0 1,0
10,0 2,0
15,0 3,0
25,0 5,0
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B.4.3.2 Spectrometric measurements

Aspirate each of the standard calibration solutions, in turn, into
the flame of the atomic absorption spectrometer and record
their absorbances at a wavelength of 279,5 nm, following the
instructions of the instrument manufacturer.

Aspirate water into the flame after each measurement.

ISO 5794/1-1984 (E)

B.5 Expression of results

By reference to the calibration graph, determine the
manganese contents corresponding to the absorbances of the
test solution and the blank test solution.

The total manganese content of the sample, expressed in
milligrams per kilogram, is given by the formula

10 (M3 — M,)

m

B.4.3.3 Plgttingthegraph

Plot a graph| having, for example, the manganese contents, in
micrograms [per cubic centimetre, as abscissae and the cor-
responding Values of absorbance as ordinates.

B.4.4 Determination

B.4.4.1 Preparation of the test solution

See annex A, sub-clause A.4.4.1.

B.4.4.2 Spectrometric measurements

Aspirate thq test solution (B.4.4.1} and the blank test solution
(B.4.2) into|the flame of the atomic absorption spectrometer
and measurg their absorbances at 279,56 nm, following the in-
structions qf the instrument manufacturer. Repeat this pro:
cedure and |record the mean values of absorbance of thé. test
solution and the blank test solution.

Aspirate wdter into the flame after each measurement.

If the absorbance of the test solution is greater than that of the
standard cdlibration solution having the_highest manganese
content, diliite 5 cm3 of the test solution to 50 cm3 with water,
repeat the measurement and take ‘the dilution into account in
the express|on of results.

where

M, is the manganese content, in mierografns per cubic
centimetre, of the test solution;

M, is the manganese content, in micrograms per cubic
centimetre, of the blank test solution;

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

If the test solution was diluted as described in B.4.4.2, multi-
ply the formula~by 10.

Express the result to the nearest 0,1 mg/kg.

B®  Test report
The test report shall include the following infornjation :

a) all details required for complete identifitation of the
sample;

b) the test conditions;
¢} the result obtained for each sample;

d} any deviations from the procedure spegcified which
might have affected the results;

e) a reference to annex B of this Internationjal Standard.
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984 (E)

Annex C

Determination of total iron content

{This annex forms an integral part of the Standard.)

Principle

The principle is the same as for the determination of total cop-

per content (see

Pipette 50,0 cm3 of the standard iron solution

into a 1dm3 volumetric flask,

(C.2.6)

add 5cm3 of nitric acid

(000 = 1,42 g/cm3}, dilute to the mark with water and mix.

clause A.1) except that the absorbance of the

test solution is measured at a wavelength of 248,3 nm and is

compared with
solutions.

he absorbances of standard calibration iron

The method is agplicable for the determination of iron contents

up to 125 mg/kd

range to 2500 m

and the there is provision for extending the
/kg.

C.2 Reagents and materials

All reagents shal

be of recognized analytical grade. The water

used shall be digtilled water or water of equivalent purity.

WARNING — Al recognized health and safety precau-
tions shall be [taken when performing this method of
analysis.

C.2.1 Acetylgne.

See annex A, syb-clause A.2.1.

C.2.2 Air.

See annex A, syb-clause A.2.2.

C.2.3 Hydrodhloric acid solution.

See annex A, syb-clause A.2.3.

C.2.4 Hydrof

uoric acid solution.

See annex A, syb-clause A.2,4.

C.2.5 Sulfuri

t acid solution.

1 cm3 of this standard solution contains 50 ug of ironf

C.2.8 lIron, standard solution corresponding to 10
per cubic decimetre.

Ing of Fe

Pipette 50,0 cm3 of the standardiron solution (C.2.]) into a

250 cm3  votumetric flask, (add 1cm3 of nit

ic acid

(099 = 1,42 g/cm3), make up-to the mark with water and mix. N

1 cm3 of this standard solution contains 10 g of iron.

NOTE — Commergially/available standard iron solutions ma
if preferred, instead,of C.2.6, C.2.7 and C.2.8.

C.3 .Apparatus

As-specified in annex A, clause A.3.

C.4 Procedure

C.4.1 Test portion

See annex A, sub-clause A.4.1

C.4.2 Blank test

See annex A, sub-clause A.4.2.
C.4.3 Preparation of the calibration graph

C.4.31

Into a series of six B0 cm3 volumetric flasks, tra

be used,

Preparation of standard calibration solutions

sfer the

volumes of the standard iron solution {C.2.8) ind|cated in

See annex A, sub-clause A.Z.5.

C.2.6

Iron, st

andard solution corresponding to 1 g of Fe per

cubic decimetre.

Dissolve 1,000 +

10 cm3 of water

0,001 g of high purity iron in a mixture of
and 5 cm3 of nitric acid (g9 = 1,42 g/cm3) in

a 100 cm3 beaker. Boil under a fume hood to expel oxides of

nitrogen. Cool, t

ransfer to a 1 dm3 volumetric flask, make up to

the mark with water and mix.

1 cm3 of this sta

C.2.7

Iron, st

ndard solution contains 1 000 ug of iron.

andard solution corresponding to 50 mg of Fe

per cubic decimetre.

table 4, dilute to the mark with water and mix.

Table 4 — Standard calibration solutions for

determination of iron

Volume of standard Corresponding
iron solution (C.2.8) iron content
cm3 ug/cm3
0,5 0,1
2,5 0,5
5,0 1,0
10,0 2,0
15,0 3,0
25,0 5,0
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C.4.3.2 Spectrometric measurements

Aspirate each of the standard calibration solutions, in turn, into
the flame of the atomic absorption spectrometer and record
their absorbances at a wavelength of 248,3 nm, following the
instructions of the instrument manufacturer.

Aspirate water into the flame after each measurement.

ISO 5794/1-1984 (E)

C.5 Expression of results

By reference to the calibration graph, determine the iron con-
tents corresponding to the absorbances of the test solution and
the blank test solution.

The total iron content of the sample, expressed in milligrams
per kilogram, is given by the formula.

10 (Mg — M)

m

C.4.3.3 Plpttingthegraph

Plot a graph having, for example, the iron contents, in
micrograms| per cubic centimetre, as abscissae and the cor-
responding palues of absorbance as ordinates.

C.4.4 Determination

C.4.4.1 Pjeparation of the test solution

See annex A, sub-clause A.4.4.1.

C.4.4.2 Spectrometric measurements

Aspirate thg test solution {C.4.4.1) and the blank test solution
(C.4.2) into| the flame of the atomic absorption spectrometer
and measurp their absorbances at 248,3 nm, following the in-
structions g@f the instrument manufacturer. Repeat this pro:
cedure and|record the mean values of absorbance of the_test
solution angl the blank test solution.

Aspirate wdter into the flame after each measurement.

If the absorbance of the test solution is greater than that of the
standard cdlibration solution having the\highest iron content,
dilute 5 cm3 of the test solution to 100 tm3 with water, repeat
the measur¢gment and take the dil4tion into account in the ex-
pression of fresults.

where

Mg is the iron content, in micrograms pef cubic centi-
metre, of the test solution;

Mg is the iron content, ,in\ micrograms pef cubic centi-
metre, of the blank test solution;

m is the mass, inngtams, of the test portion|.

If the test solution was diluted as described in ¢.4.4.2, multi-
ply the formula by 20.

Express the result to the nearest 0,1 mg/kg.

Ci6 Test report
The test report shall include the following informpation :

a) all details required for complete identification of the
sample;

b) the test conditions;
c) the result obtained for each sample;

d) any deviations from the procedure spgcified which
might have affected the results;

e) a reference to annex C of this Internatiopal Standard.
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Annex D

Determination of specific surface area — Method using an
Areameter apparatus

D.1 Princip

(This annex forms an integral part of the Standard.)

e

several flasks can be used as sample or reference flasks

without

Two flasks of egyal volume — one containing the test portion,

the other empty

—are filled with nitrogen under atmospheric

pressure at room|temperature. Both flasks are then cooled by
immersion in liqufd nitrogen.

At this temperatufe, the test portion adsorbs nitrogen, whereby
a pressure differgnce is created between the flask containing
the test portion dnd the reference flask.

The pressure diff

brence is measured by means of a differential

pressure gauge. The specific surface area is calculated from the

measured pressu

of the test portiop.

The method is si
(method B).

e difference, the feed pressure and the mass

Mmilar to that described in 1SO 4652, clause 4

D.2 Materigls

D.21

nitrogen, of reco

Nitrogep, in a cylinder, or other source of prepurified

hnized analytical quality.

D.2.2 Liquid nitrogen.

D.3 Apparatus
D.3.1 Adsorption apparatus'! (see.figure 1), comprising a
reference flask (1) and a sample flask”(8) mounted with gas-

tight connectiong.

These connectio
by means of wh
mosphere. The

s are provided with one valve each (1 and 2)
ch the.flasks can be connected with the at-
gas/~to\be adsorbed is fed into each flask

through the conrneetion pieces.

needing to adjust the equalizing volume for every combination.

D.3.1.2 A U-tube is mounted between the two, flasks
legs of the pressure gauge are connected by.capillary

and the
tubes to

the two adsorption flasks. By means of valve 4, the twd adsorp-

tion vessels can be either separated/Arom one another

nected to one another via their capillary tubes. Using
both liquid legs of the differéntial pressure gauge
separated or joined together. The measuring
dibutyiphthalate.

or con-
valve b,
can be
fluid is

The legs of the différential pressure gauge are made of
calibrated precisiof glass tubing with an inside diafeter of

5 + 0,02 mm,Jherefore, any change in volume during

the gas

adsorption can be sufficiently accurately calculated. The feed
capillary to the sample flask, owing to its short length|, is con-
sidered.@s-an equalizing volume which is adjusted d{ring the

preparation of the equipment (see clause D.7).

The gas is allowed into the equipment through valve 3.
1, 2 and 4 are open, the gas flows through both flasks.
1 and 4 are closed, the reference flask is shut off and
sample flask is rinsed with the gas.

During measurement, only part of the volume encl
valves 1, 2 and 3 is cooled to the measuring temperatu

If valves
If valves
only the

psed by
e by the

liquid nitrogen. The remaining volume, at room temperature,

may be only 10 % of the total volume. The connectio

s to the

adsorption flasks are therefore capillaries which almgst com-

pletely fill out the necks of the flasks. In this man

her, the

volume of gas at room temperature is kept to a minimpum.

NOTE — Procedures for commissioning new equipment ang
trol purposes are given in clause D.7.

D.3.2 Regulating thermostat2), permitting mainte
the adsorption flasks {with the test portions) at a

for con-

hance of
tonstant

temperature, and either rinsing with dry nitrogen or evdcuation.

D.3.1.1 The flasks are made of glass which is resistant to sud-

den changes of
imately 100 cm3.
necks shall not e

The flask necks
with an inside d

temperature and have a volume of approx-
The volume difference between the two flask
xceed 0,1 %.

are made of calibrated precision glass tubes
iameter of 5 + 0,02 mm. This ensures that

D.3.3 Analytical balance, accurate to 0,1 mg.

D.3.4 Drying oven, capable of being controlled at
105 £ 2 °C.

D.3.5 Cold bath, containing the liquid nitrogen {D

2.2).

1) A suitable adsorption apparatus is available commercially. Details may be obtained from the Secretariat of 1ISO/TC 45 (BSI) or ISO Central
Secretariat. Other equipment may be used provided it complies with the specified requirements.

2) A suitable thermostat is available commercially. Details may be obtained from the Secretariat of ISO/TC 45 (BSI) or ISO Central Secretariat.
Other equipment may be used provided it complies with the specified requirements.
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D.4 Preparation of the sample

D.4.1 The maximum indication {400 mm) on the differential
pressure gauge corresponds to a surface area of approximately
50 m2. The mass of the test portion must therefore be adjusted
so that Ak on the differential pressure gauge is as great as
possible and at least 50 mm. If the approximate specific surface
area is not known, preliminary tests with various masses of test
portion shall be performed to establish the most suitable mass
of test portion.

ISO 5794/1-1984 (E)

D.5.4 When pressure equilibrium is attained, close valve 5
and stop the nitrogen flow by closing the valves.

D.5.5 Wipe off the water drops and immerse the flasks in the
liquid nitrogen bath (D.4.3.5) to the lower mark on the neck
and, after 1 min, open valve 5 very slowly.

D.5.6 After the resulting pressure differential has stabilized,
read the difference in liquid heights of the U-tube arms to the

NOTE — Af a guide, table b gives masses o1 test portion according 1o
specific sufface area.

Table § — Mass of test portion according to specific
surface area

Spegific surface area Mass of test portion
m2/g g
20 0,6 t00,8
30 0,4 t00,6
40 0,3 t005
80 0,2 tc 0,3
120 0,15t0 0,2
140 0,7 100,15
> 200 < 01

D.4.2 Dry the sample for 2 h in the drying oven (D.3.4}, con-
trolled at |05 + 2 °C. Transfer a suitable amount of sample to
the previpusly tared sample flask by means of a funnel, in-
troducing| the test portion into the flask in such a manner that
no materigl adheres to the walls of the neck.

Determing the mass of sample by difference, carrying.out both
weighingg to the nearest 0,1 mg.

D.4.3 Before the determination, remove-as much as possible
of the matter that has already been adsorbed from the surface
of the tes} portion. Carry out desorptionby rinsing in a flow of
nitrogen. | This desorption shall be_carried out in a thermo-
regulator [at 160 to 160 °C (preferably 155 to 160 °C), the
desorptioph time being 65 #5.min. The nitrogen flow in the
sample flgsk shall be adjusted to 75 cm3/min.

D.4.4 After deserption, cool the test portion to room
temperatyre under'a flow of nitrogen and stopper and store the
flasks until required for the determination.

Ot
Hearest U, G 11T,

D.5.7 Close valve 5 and open valve &, Replage the cold bath
with a water bath controlled at approximately 40 °C. After a
few minutes, start the nitrogen flow and open valves 3, 2, 1 and
5 in that order.

D.5.8 As soon as_the connections have|reached room
temperature, closewalves 1, 4 and 5 and disconpect the sample
flask.

D.6 ‘Expression of results

D.6.1 Method of calculation

Calculate the specific surface area, S,,, in sqyiare metres per
gram, from the formula

S, = 1,187 x 10-7 [

(1,044 x 105 — p ]
X
m

x (13,6458 + (6,65 x 10—5p)) Ah +
1
(P _Ps
o \77.6 295

p is the equilibrium pressure, in pascals :

where

105,55 pg
p= - 10,2 Al
393,11 + (0,004 9 Ah)

D.5 Procedure

D.5.1 Connect the sample flask containing the prepared test
portion to the nitrogen source and open valves 2 and 3.

D.5.2 Open valves 4, 1 and 5 and place the flasks in a water
bath controlled at 23 + 2 °C.

D.5.3 After 10 to 15 min, determine the pressure difference
in the flasks by closing valves 1, 2, 3 and 4. If a pressure dif-
ference exists, reopen the valves in the order 4, 3, 2 and 1 and
continue rinsing with nitrogen. Close valves 1, 2, 3 and 4 when
the pressure is equal.

m 1S the mass, In grams, ot the test portion;

Ah s the difference in liquid heights, in millimetres, in the
U-tube arms;

pg is the atmospheric pressure, in pascals;

¢ is the density, in grams per cubic centimetre, of the test
sample, (assumed to be equal to 2,0 g/cm3).

NOTE — For specific surface areas greater than 1 mz/g, the
1

term —— (L - —pi) may be ignored.
po \77,6 295

Express the result to the nearest 1 m2/g.
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D.6.2 Calculation using a homogram

The calculation may be simplified by the use of a nomogram
(see figure 2).

Draw a straight line connecting the measured value of A/ on
the vertical A & scale with the measured value of pg on the ver-
tical pg scale. Record the value at the point of intersection of
the line and scale A.

Draw a straight line connecting the measured value of A/ on

with nitrogen. Repeat the test after a few minutes. When
temperature balance is achieved, again close valve 5. Remove
the water bath, wipe off the adhering water drops and immerse
the flasks to the lower marks on the flask necks in a cold bath of
boiling nitrogen.

As soon as the flasks have assumed the temperature of the
boiling nitrogen (for empty flasks, after approximately 1 min),
open valve 5 very slowly. If the volumes of the sample flask and
the reference flask are correctly balanced, no pressure dif-
ference will be present. In this case, again close valve 5 and

the vertical A h [5cale with the measured value of pg on the in-______Teopen vaive 4. Then remove the cord bathand Teplace by a

clined reduced |pg scale. Record the value at the point of in-
tersection of thp line and scale B.

The specific sufface area, in square metres per gram, is given
by the formula

where

A and B are jalues derived from the nomogram as described
above;

Ah, m, o and p have the same meanings as in D.6.1.

Express the reslilt to the nearest 1 m2/g.

D.7 Notes|on procedure — Preparation of
the Areamdter

D.7.1 General

When commissjoning new equipment or for,control purposes,
carry out tests fo check whether the equalizing volume (see 10
in figure 1) is cprrectly adjusted and whether the apparatus is
leakproof.

D.7.2 Test for volume 'equalization

The volume eqlalization'balance pre-supposes the tightness of
valve 4 (see D.J.3)

water bath at approximately 40 °C to thaw the flaskd. Remove
the warm water bath as soon as the flasks have’reached ap-
proximately room temperature. After a few\minutés reopen
valves 3, 2 and 1 in that order and rinse ‘the appafatus with
nitrogen.

Cooling and heating of the flasks'may resuit in greater pressure
differentials for a short (time. This could cpuse the
dibutylphthalate in the U-tube to enter other parts pf the ap-
paratus; valve b must, therefore, be open during the indicated
stages.

If a pressure differential should arise during the pregaration of
the apparatus, ‘change the equalizing volume (see 10 in
figure 1) at.room temperature in such a way that the volumes
on both.sides of the differential pressure gauge are gqual. For
contral of the volume balance, repeat the above tes}.

D.7.3 Leak test

If balancing the volumes at the temperature of boiling nitrogen
shows continuously increasing, or very considerable, pressure
differentials (greater than 400 mm) after valve 5 Has slowly
been opened, this is evidence of leaks from the apparatus to
the atmosphere (i.e. valves 1, 2 and 3).

The tightness of valve 4 cannot be checked by prgssure dif-
ferential and must be tested separately. To do this, inJmerse the
flasks in the cold bath, close valves 2, 3 and 4 pnd open
valves 1 and 5. By means of valve 1, produce a pr¢ssure dif-
ferential giving a difference in liquid heights of 300 mm and
again close valve 1.

The difference in height should not change by more than 1 mm
within 10 min.

Connect the empty adsorption flasks to the apparatus, aligning
the upper marks on the flask necks with the lower gasket. Then
open all valves and rinse the apparatus with nitrogen. The flow
rate should be 2,8 + 0,15 cm3/s.

While rinsing, immerse the flasks in a water bath at 23 = 2 °C
to the lower mark on the flask neck, so that both flasks may at-
tain the same temperature. As soon as equality of temperature
is expected (after at least 10 min), seal the apparatus from the
atmosphere and separate the flasks from each other by closing
valves 1, 2, 3 and 4 in that order. Closing valve 4 may cause a
minor pressure differential. If this pressure differential changes
within the next 2 min, complete temperature balance has not
been achieved within the adsorption flasks. In this case, reopen
valves 4, 3, 2 and 1 in that order and again rinse the apparatus

10

D.7.4 Operational test

Check the correct operation of the apparatus initially, and
periodically during use, by measurement of a silica of known
specific surface area. The specific surface area of the reference
material should have been measured using the same method.

D.7.5 Maintenance

Replace the dibutylphthalate in the U-tube if it becomes
polluted, or at least once a year. Also replace exhausted silica
gel in the drying tower.
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