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INTERNATIONAL STANDARD

1SO 4493-1981 (E)

Metallic powders — Determination of hydrogen reducible

oxygen content

1 Scope and field of application

This Intgrnational Standard specifies a method for the determi-
nation df the hydrogen reducible oxygen content of metallic
powderq free of admixed pressing lubricant.

The method is applicable to the metal powders listed in table 2
and for [the determination of oxygen contents between 0,05
and 3 %|(m/m). It is not applicable to the metal powders in the
upper part of table 2 when they contain carbon.!

2 Reference

1SO 760| Determination of water — Karl Fischer method (Gen-
eral method).

3 Principle

3.1 Hdating a test portion in a stream’of pure and dry hydro-
gen. Abiorption of the water, formed by reaction of the metal
oxide with the hydrogen, in_méthanol, and titration with Karl
Fischer feagent. Determination of the end-point electrometri-
cally, us|ng the dead-stop ‘technique.

3.2 If |the powder/ contains moisture, the test portion is
heated fo 150.°C in dry nitrogen before the reduction in
hydrogeh is“cafried out; otherwise, the moisture would react
with the| Karl Fischer reagent.

3.4 The determination-of water by the Kdrl Fischer method is
based on the fact\ that iodine and sulphur dioxide, in a
pyridine/methanol™ or pyridine/2-methoxyethanol mixture,
react with water according to the equatior]s

Hzo ¢ '2 + SOz + 3 C5H5N_’2C5H5N Hl + C5H5N.SO3
€zHsN.SO; + ROH — CgHsNH.0SO, PR

The Karl Fischer reagent consists of iodine, [sulphur dioxide and
pyridine dissolved in methanol or 2-methokyethanol (ethylene
glycol monomethyl ether). The end-point |s reached when all
the water has reacted and free iodine appgars in the solution,
i.e. when the pale yellow solution turns t@ orange red (visual
end-point).

ISO 760 describes in detail the preparation pnd standardization
of the Karl Fischer reagent and the differTnt types of equip-

ment. The procedure given in this International Standard is
only sufficient to ensure that the method ¢an be understood.

4 Reagents

4.1 Methanol, water free.

4.2 Karl Fischer reagent, equivalent to 8 to 5 mg of oxygen
per millilitre.

WARNING — Karl Fischer reagent cgntains four toxic

3.3 As the apparatus may not be perfectiy gas tight, and as
the dried hydrogen and nitrogen may still contain very small
amounts of water and oxygen, a blank test is carried out.

compounds : iodine, sulphur dioxide, pyridine and
methanol. It is important to avoid direct contact and
especially inhalation. Following accidental spillage, rinse
with plenty of water.

1} If carbon is present, some metal oxides may be reduced by the carbon, producing carbon monoxide or carbon dioxide. These oxides may other-
wise have been reduced by the hydrogen. If this carbon reduction occurs, a lower result will be obtained for the hydrogen reducible oxygen content.
In such cases the method may be used possibly with some modifications by agreement between the parties concerned. One solution is to convert the
carbon monoxide or dioxide to methane and water by passing the gases over activated nickel at a temperature of 380 °C.
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The titre of the Karl Fischer reagent may be determined by
either of the following methods :

a) addition of 20 to 30 mg of water, weighed to the near-
est 0,1 mg;

b) addition of 100 to 300 mg, weighed to the nearest
0,1 mg, of sodium tartrate dihydrate [certified material con-
taining theoretically 15,66 % (m/m) of water, correspond-
ing to 13,92 % (m/m) of oxygen], ground to fine powder
and dried at 155 + 5 °C to constant mass.

If available, one furnace combining both these functions may
be used.

5.8 Boats (H), preferably high alumina ceramic, with a pol-
ished surface and of a suitable size such that no more than half
is filled by the test portion. These boats shall be conditioned in
hydrogen at 900 to 1 100 °C for at least 1 h and stored in a
desiccator before use.

5.9 Automatic burette (J), of capacity 25 ml and with a
fine point, graduated in 0,05 ml divisions, and protected from

The titre shall be galculated to the nearest 0,01 mg of oxygen
per millilitre.

NOTE — See ISO 760 for methods of standardization.

4.3 Hydrogen, | having a maximum oxygen content of
0,005 % and a dew point not exceeding — 45 °C.

4.4 Nitrogen, having a maximum oxygen content of
0,005 % and a dey point not exceeding — 45 °C. Argon may
be substituted for|nitrogen.

4.5 Desiccant { granular anhydrous aluminium sodium sili-
cate, activated silica gel, or magnesium perchlorate.

5 Apparatug

: 5.13 Timer.

NOTE — The arrang
figure 1.

Ordinary laborato

5.1 Source of
ing valve, a flow ¢

ement of the apparatus is shown schematicallyin

y apparatus and

ydrogen (A), fitted with/@apressure regulat-
ontrol valve, and a flow.meter.

5.2 Catalytic plrifier (B}, for tte hydrogen.

5.3 Source of

nitrogen (C)) fitted with a pressure regulat-

ing valve, a flow ¢ontrol valve, and a flow meter.

5.4  Gas selecting_valve (D).

atmospheric moisture by a guard tube filled with_ohe of the
desiccants specified in 4.5.

5.10 Titration flask (K), comprising a 300 ml conical flask
containing platinum electrodes and a magnetic stirrefr.

5.11 End-point detector (L).

A circuit diagram of an electrometric end-point detector, utiliz-
ing the dead-stop technigue, is shown in figure 3.

NOTE — Items (J), (K} and (L) are given as examples with which satis-
factory results have_been obtained. Modifications to thesg or to any
commercially dvailable Karl Fischer titration equipment may be made,
provided thatthe operating requirements are fulfilied (see {SO 760).

B.12 «\Stop-watch, for determination of the titrdtion end-
point.

5.14 Blower (for example a hair-dryer), for cooling the tube.

6 Sampling

6.1 The powder shall be tested in the as-received ¢ondition.

6.2 The analysis shall be carried out on two test portions.

7 Procedure

-~ A

5.5 Gas drying unit (E), containing one of the desnccants
specified in 4.5.

5.6 Reduction tube (F}, gas tight, made of quartz, closed at

one end, having a diameter of 27 to 30 mm and a length of

about 400 mm; it also comprises two quartz tubes of diameter 5
to 6 mm and lengths 60 to 80 mm and 200 to 240 mm, respec-
tively, arranged as shown in figure 2.

5.7 Two furnaces (G), one for drying the test portion and
one for reduction, with temperature control systems capable of
maintaining the temperature in the part of the tube containing
the boat within the specified temperature tolerances.

- .
7.1 restporaon

Weigh, to the nearest 0,000 1 g, a mass of test portion, accord-
ing to the expected hydrogen reducible oxygen content, as
indicated in table 1.

Table 1
redﬁ’gﬁ:t:‘)’(;gg’ (::%?:t‘ent Mass of test portion
% (m/m) 9
from 0,05 to 0,5 5
from 0,56 to0 2,0 2
from 2,0 to 3,0 1
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7.2 Test conditions

For each apparatus and for each type of powder, determine
experimentally the best reduction temperature and time so that
the reduction is complete and the procedure is not unnecess-
arity prolonged. {The values in table 2 are given -for guidance
only.)

Also determine the best drying time at 150 °C in dry nitrogen.

1SO 4493-1981 (E)

7.3.7 Withdraw the tube and cool it with the blower (5.14) to
room temperature. Again titrate the methanol to the visual end-
point to neutralize any traces of water released during con-
ditioning.

CAUTION — Do not open the reduction tube or stop the
hydrogen flow while the tube is still hot.

7.3.8 Check the condition and gas tightness of the apparatus
by the blank test specified in 7.4.

Table 2
Reduction Reduction
Metal powder temperature time 7.4 Blank test
C min
Iron and steel 1100 + 50 20 Blank tests, using an empty boat; shall be gerformed with every
Cobalt 900 + 50 20 series of determinations by following the procedures specified
Nickel 900 + 50 20 in7.5.1107.56.
C 900 + . . .
opper % 2 An apparatus in gooed-condition shall yield § resuit for the blank
Molybtenum 1100 + &0 2 test of approximately 1 mg of oxygen for|a heating period of
Tungsten 1100 + 50 20 20 min. If thé, result is much higher, or if| variable results are
POWdts for obtained, ¢he ‘apparatus shall be checked for leaks.
hardmeptals 900 + 60 20

7.3 Preparation of the apparatus

Conditipn and check the reduction tube and apparatus as fol<
lows :

7.3.1 PBet the temperature of the heating zone to-the reduc-
tion temperature, leaving the reduction tube outside the fur-
nace.

7.3.2 Rinse the burette (5.9) with the\Karl Fischer reagent
(4.2) to] make sure that no moisture, which could change the
titre of the reagent, is present, discard the rinsings and charge
the burptte with the Karl Fischer reagent (4.2).

7.3.3 Add the methanol.(4.1) to the titration flask taking care
to adjugt the liquid level&o that the inlet tube and the electrodes
are belpw the surfaceé of the liquid. Approximately 70 ml are
required. Start.thevmagnetic stirrer and titrate with the Karl
Fischer|reagefit-to the visual end-point to neutralize any traces
of water in” the methanol.

7:5 Determination

7.56.1 Open the reduction tube {5.6) and [insert the boat con-
taining the weighed test portion {or empty. boat for the blank
test). Close the tube and purge with dry nitrogen at a flow rate
of at least 30 I/h to expel the air introducgd with the test por-
tion. If the purge time has not been prgviously established,
allow 10 min. Titrate the methanol to the [visual end-point.

7.5.2 Adjust the nitrogen flow to 15 I/h|and insert the tube
into the furnace at a temperature of 150 4 10 °C and start the
timer {5.13).

7.5.3 At the end of the drying period, titrate the methanol to
the end-point using the electrometric end-point detector (5.11)
after having previously adjusted the deftector as described
in 7.3.4. Record the volume of Karl Fischer reagent in the
burette and the drying time.

7.5.4 Using valve D, change the gas flow from nitrogen to

7.3.4 Short-circuit the electrodes by switch S of the electro-
metric end-point detector (5.11) {see figure 3) and adjust the
variable resistor R to give a current of 120 WA on the micro-
ammeter M. Reopen switch S.

7.3.5 Adjust the nitrogen flow to at least 30 |/h and allow it to
flow for 10 min. Change the gas flow from nitrogen to hydro-
gen by vaive D and adjust the flow to at least 30 I/h.

NOTE — Once the gas flow has commenced, it shall not be interrupted
until the whole series of determinations is complete.

7.3.6 Insert the reduction tube (5.6) into the furnace and leave
for 10 min. Change the gas flow from hydrogen to nitrogen.

hydrogen, adjust the flow to 15 I/h, and insert the tube into the
furnace maintained at the reduction temperature. Start the
timer. ’

7.5.5 At the end of the reduction period, titrate the methanol
to the end-point using the electrometric end-point detector
{5.11). Read the burette and record the titration volume, ¥}, in
millilitres. Record the reduction time.

7.5.6 Using valve D, change the gas flow from hydrogen to
nitrogen and withdraw the tube from the furnace. Cool the
tube to room temperature, using a blower if required, open the
tube and extract the boat.
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8 Expression of resuits

8.1 The hydrogen reducible oxygen content, expressed as a
percentage by mass, is given by the formula
- V.
E_—-lx n x 100
m

where

V, is the volume, in millilitres, of Karl Fischer reagent used

of the mean value when the hydrogen reducible oxygen con-
tent is equal to or greater than 0,8 % (m/m).

If the difference exceeds these values, the test shall be re-

peated, attention being given to the reproducibility of the blank
test, the reduction time and all the other precautions stated,

9 Test report

for titration of-the-test-portion;

V, is the volume, in millilitres, of Karl Fischer reagent used
for titration in|the blank test;

m is the maT, in milligrams, of the test portion;

n is the titre} in milligrams of oxygen per millilitre, of the
Karl Fischer rgagent.

8.2 Calculate the mean of the two determinations and report
the result to the nearest 0,02 % (m/m) for hydrogen reducible
oxygen contents up to and including 0,8 % (m/m) and to the
nearest 0,05 % (m/m) for contents greater than 0,8 % (m/m),
provided that the| requirements of 8.3 are satisfied.

8.3 The differemce between the results of the two determina-
tions shall not exg¢eed 0,04 % (absolute value} when the hydro-
gen reducible oxygen content is less than 0,8 % (m/m), or5 %

The test report shall include the following information :
a) - areference to this International $tandard;

b) all details necessary for identification of the test
sample;

¢} the drying time and temperature;
d) the reduction time and temperature;
e} the result obtained;

f) all operations not specified in this Internatipnal Stan-
dard, ot regarded as optional;

gl details of any occurrence which may have affected the
result,
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Figure 1 — Schematic arrangement of the apparatus

Figure 2 — Two examples of reduction tubes


https://standardsiso.com/api/?name=56491fb2a569d65e7cf75fc50b77fe27

ISO 4493-1981 (E)

AN SN -

1 I

M “ S

— =t
— |
R |
P l
|- l
]

Figure 3 — Circuit diagram of an electrometric end-point detector
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Annex

Notes and schematic representations of procedure

A.1 The procedure with respect to temperature and time is
shown diagrammatically in figure 4. During period #;, the tube
is purged with dry nltrogen at room temperature At a flow rate
of 151/

completely removed, and, during period #5, the moisture flow
rate falls again to that represented by angle a.

e reduction of the

test pori
ture.

ion is heated to 150 °C, ensuring the removal of mois-

During period #3, dry hydrogen is passed into the tube and the
test poftion is heated to the reduction temperature {900 or

metal ox:de this belng completed at the|end of this period.
During period #3, the moisture fiow ratefalls, corresponding to
the residual oxygen and water in the hydrogen and to the leak-
age rate of the apparatus, which.is indicated by angle S.

fhat represented by

1100 °¢).

During the period ¢4, the test portion is cooled to room tem-
peraturg under nitrogen.

Kart Figcher titrations are carried out after times ¢ + &
{starting value} and ¢y + f; + f3.

A.2 The same procedure, but with respect to the collection
of watef in the Karl Fischer apparatus, and for the test portion
(upper ¢urve) and for the blank test (lower curve), is shown
diagrammatically in figure 5.

During period #;, the purging gas removes the moist atmos-
pheric gr in the tube and some of the adsorbed moijsture on
the test portion. When this is complete, the rate at which water
enters the Karl Fischer apparatus is very small; indicated by
angle af This corresponds to the residual moisture in the dry
nitroger| and to minute diffusion arising from imperfect gas
tightness. During period f,, the moisture\in"the test portion is

During period 44, the valug returns to
angle o as the hydrogeniis replaced by nit

The values corresponding to the angles « 3
by the blank test,)as shown in the lower d

The termination of drying (end of period #5

ogen.

nd B are established
urve.

and the termination

of reduction (end of period #3), shall be established by titration

with ‘the Karl Fischer reagent during perio
tively. These latter periods shall be no long

ds £ and 3 respec-
er than is necessary

to’ensure that drying and reduction are complete.

The titration result ¥ corresponds to the re
in the test portion and the water derived frg
indicated by angle g.

The titration result V> corresponds to the
the imperfection, angle 8, determined in t

duction of the oxide
m the imperfections

water derived from
he blank test.

It is therefore important that the times andl temperatures used

in the blank test are the same as are used

for the test portion.
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