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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
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guidance as an indication of the precision that could be obtained for synthetic hydraulic fluids.

2

rt 3:
hydrous procedure for synthetic hydraulic fluids

INING — The use of this part of 1SO 4263 can involve hazardous materials, ope
ment. This part of ISO 4263 does not purport to address all of the safety problems
its use. It is the responsibility of the user of this part of ISO 4263 to establish approg

health practices and determine the applicability of regulatory limitations“prior to use.

Scope

part of ISO 4263 specifies a method for the determination af)the ageing behaviour of synthg

of categories HFDR, HFDU, HEES and HEPG as.defined, for example, in 1SO 1
15380051, The ageing is accelerated by the presenée-of oxygen and metal catalysts
erature, and the degradation of the fluid is followed by changes in acid number. Other parts
ify similar procedures for the determination of ageirig:-behaviour of mineral oils and specified
esistant fluids used in hydraulic and other applications.

Other signs of fluid deterioration, such as-the formation of insoluble sludge, catalyst coil corrosig
cosity, can occur which indicate oxidation of the fluid, but are not reflected in the calculated oxidation
ation of these occurrences with field serviee'is under investigation.

test method can be used to compare the oxidation stability of fluids that are not prone to c
water. However, because of the large number of individual field-service applications, th
een the results of this test and actual service performance can vary markedly, and is be
rience.

precision of this test‘method for synthetic hydraulic fluids is not known because interlaborat

vailable. This method might not be suitable for use in specifications or in the event of disput
as these datay are not available. However, precision for inhibited turbine oils is given in

Normative references

rations and
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riate safety
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The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced

docu

ment (including any amendments) applies.

ISO 3170:2004, Petroleum liquids — Manual sampling

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

ISO 7537:1997, Petroleum products — Determination of acid number — Semi-micro colour-indicator titration
method
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3 Principle

A test portion is reacted, in the absence of light, at 95 °C with oxygen and a steel and copper catalyst coil.
Small aliquots of the fluid are withdrawn at regular intervals and the acid number is measured (see the Note in
Clause 1). The test is continued until an acid number increase of 2,0 mg of potassium hydroxide (KOH) per
gram of test portion is reached and the number of hours is recorded as the oxidation lifetime. For some
requirements, the test may be discontinued at a fixed number of hours (e.g. 500 h or 1 000 h) when the value
of the acid number has still not increased by 2,0 mg of KOH per gram of test portion.

4 Reagents and materials

4.1 Water, unless otherwise specified, in accordance with the requirements of grade 2 of ISO 3696:1987.
Potable watpr means tap water, unless normal piped supplies are contaminated with particulate-or Righly
soluble mingral content.

4.2 Heptgne (C;Hg), of minimum purity 99,75 %.
4.3 Acetgne (CH3COCHS,), of general purpose reagent grade (GPR).
4.4 Propgn-2-ol (CH;CHOHCHy,), of general purpose reagent grade (GPR).

4.5 Oxygen, of minimum purity 99,5 %, supplied through a pressure-regulation system adequate to
maintain the|specified flow rate throughout the test duration.

Supply from|an oxygen cylinder should be via a two-stage regulation system and a needle valve to imgrove
the consistepcy of gas-flow regulation.

WARNING + Use oxygen only with equipment validated for oxygen service. Do not allow oil or grpase
to come intp contact with oxygen and clean and inspect all regulators, gauges and control equipment.
Check the ¢xygen-supply system regularly for-leaks. If a leak is suspected, turn off immediately| and
seek qualifipd assistance.

4.6 Cleanfing solutions
4.6.1 Strgng oxidizing acid solution

The referenge strong oxidizing, €leaning solution on which precision was based, is chromosulfuric acid|(see
the following warning), but alternative non-chromium containing solutions, such as ammonium persulfgte in
concentrated sulfuric acid.(8 g/l), have been found to give satisfactory cleanliness. A 10 % solution of three
parts of hydfochloric acid(1T mol/l) and one part of orthophosphoric acid (concentrated GPR grade) remjoves
iron oxide deposits.

WARNING + Chromosulfuric acid is a health hazard. It is toxic, a recognized carcinogen as it contains
Cr(VI) compounds, highly corrosive and potentially hazardous in contact with organic materials. When
using a chromostiifuric—acid-cleaning—solution;—eyeprotection—andprotectiveclothing—are—essential.
Never pipette the cleaning solution by mouth. After use, do not pour cleaning solution down the drain,
but neutralize it with great care owing to the concentrated sulfuric acid present, and dispose of it in
accordance with standard procedures for toxic laboratory waste (chromium is highly dangerous to the
environment).

Strongly oxidizing acid cleaning solutions that are chromium-free are also highly corrosive and
potentially hazardous in contact with organic materials, but do not contain chromium which has
special disposal problems.

2 © 1SO 2010 — All rights reserved
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4.6.2 Surfactant cleaning fluid

A proprietary strong surfactant cleaning fluid is a preferred alternative.

4.6.3 Laboratory detergent

The detergent shall be water soluble.

4.7

4.71

Catalyst wires

Low-metalloid steel wire, of diameter 1,60 mm £ 0,05 mm, made of carbon steel, soft bright

anndaled and free from rust.

4.7.
mini

4.8
of ah

4.9

5

5.1

volume of 300 ml + 1 ml at 20 °C. A mushroom condenser@nd oxygen-delivery tube, also of boro

fit inf

5.2
test

Copper wire, of diameter 1,63 mm = 0,05 mm, made of either electrolytic copper wife of 99,9 %

um purity or soft copper wire of an equivalent grade.

Abrasive cloth, made of silicon carbide of 150 ym (100 grit) with cloth backing, or an equi

rasive cloth.
Absorbent cotton
Apparatus
Oxidation cell, consisting of a large test tube of borosilicate glass with a graduation mark

o the test tube. The design and dimensions shall be as illustrated in Figure 1.

Heating bath, consisting of a thermostatically_controlled bath capable of maintaining the h
pbortion in the oxidation cell at 95,0 °C £ 0,2 °C. It shall be large enough to hold the require

con
be fi
fitted
bath
the h
390

5.3

oxid%tion cells (5.1) immersed in the heat transfer medium to a depth of 355 mm 10 mm

ructed to ensure that light is excludedfrom the test portions during the test. If a fluid bath is
ted with a suitable stirring system 6 provide a uniform temperature throughout the bath. If thg
with a top, the total length of the oxidation cell within the bath shall be 390 mm + 10 mm. If g
is used, the heaters shall bedistributed so as to produce a uniform temperature throughout t

mm + 10 mm.

Flowmeter, capable’of measuring 3,0 I/h with an accuracy of + 0,1 I/h.

valent grade

to indicate a
Silicate glass,

ydraulic fluid
d number of
It shall be
used, it shall
fluid bath is
metal-block
he bath, and

oles in the block shall haye.a'minimum diameter of 50 mm and a depth, including any insulafing cover, of
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Dimensions in millimetres (unless otherwise indicated)
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Figure 1 — Oxidation cell
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5.4 Temperature-measurement devices

5.41 Heating bath. The temperature in liquid heating baths shall be measured by either a liquid-in-glass
thermometer meeting the requirements of the specification given in Annex A, or an equivalent temperature-
measurement system readable to + 0,1 °C and graduated in 0,1 °C increments. For metal-block heating baths,
a temperature-measurement system, with possibly more than one device of the same readability and
accuracy, is required.

5.4.2 Oxidation cell. The temperature in the oxidation cell shall be measured by either a liquid-in-glass
thermometer meeting the requirements of the specification given in Annex A, or an equivalent temperature-

measurement system readable to + 0,1 °C and calibrated to better than = 0,1 °C.

5.4.
sus
two

5.5
stee

5.6
and

5.7

porti
stain
via g
and

5.8

polyethylene caps, are required.

5.9
610

Thermometer bracket. If a liquid-in-glass thermometer is used in the oxidation rcell
nded by means of a bracket as illustrated in Figure 2. The thermometer is held in the brac
uoro-elastomer O-rings of approximately 5 mm diameter, or by the use of thin, stainless stee

Wire-coiling mandrel, as illustrated in Figure 3, is used to produce the double spiral of
wire. The mandrel is included in a suitable winding device.

Oxygen-supply tube, flexible polyvinylchloride (PVC) tubing of appfeximately 6,4 mm ins|
1,5 mm wall thickness, is required to deliver oxygen to the oxidation gell:

Aliquot-removal devices. Depending on the size and frequency of removal of aliquots
bn for analysis, a selection of devices are required. Glass’ syringes, fitted with Luer con
less steel needles, or long pipettes fitted with suitable pipette fillers, are suitable. These may
sampling tube (5.9) fitted through the condenser. Aliquot'sizes are generally in the range of
he devices shall be capable of removing the required.aliquot + 0,2 ml.

Aliquot containers. Small, dark glass vials of 5ml to 10 ml capacity, fitted with

mm = 2 mm long, with one end finished at 90° and the other end fitted with an optional

it shall be
ket by either
wire.

copper and

de diameter

5 of the test
nectors and

be inserted
P ml to 10 ml,

close-fitting

Sampling tube. Stainless steel tubing, 2,11 mm in outside diameter, 1,60 mm in insige diameter,

female Luer

connector [if using syringes as aliquof-removal devices (5.7)]. The optional connector is greferably of
elastomeric material such as poly(fluorovinyl chloride) to provide a good seal with the syringe.

5.10( Stopper, for the optional Luer fitting of the sampling tube (5.9), made of polytetrafluoroethylene (PTFE)
or paly(fluorovinyl chloride):

5.11| Sampling tube”holder, for supporting the sampling tube (5.9), made of methyl methagrylate resin,
having the dimensjons shown in Figure 4.

5.12] Sampling‘tube spacer, for positioning the end of the sampling tube (5.9) above the sampling tube
holder (5.44),” made of plastic tubing of poly(vinyl chloride), polyethylene, polypropylene, or
polytetrafluoroethylene, having an inside diameter of approximately 3 mm and 51 mm = 1 mm in lgngth.

© 1SO 2010 — All rights reserved 5
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Dimensions in millimetres
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a) Bracket\(finished) b) Development of bracket
Material:18/8 (0,792 mm) stainless steel
Figure 2 — Thermometer bracket

6 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=3fc1ca9f4b1214d9f0f758d8693f5431

ISO 4263-3:2010(E)

Dimensions in millimetres
(unless otherwise indicated)
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Figure 3 — Catalyst coil mandrel
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Dimensions in millimetres
(unless otherwise indicated)
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Figure 3 — Catalyst coil mandrel (continued)
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Dimensions in millimetres
(unless otherwise indicated)

413
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13

ice jaws
BA steel grub screw (or equivalent)
atalyst wires

laterial: steel.
laterial: brass.
laterial: bronze.

ole tap 2BA (or equivalent).

itch.

itch height.

ole tap 1/4” Whitworth (or equivalent).
TPI double thread.

oles (2) tap 5/8” Whitworth (or equivalent).

/4” Whitworth x 12,7 hexagon head steel screw (or equivalent)
/16” Whitworth x 12,7 hexagon head steel screw (or equivalent)

Figure'3 — Catalyst coil mandrel (continued)
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12,7 0,25

Dimensions in millimetres
(unless otherwise indicated)

9,5 0,5

38 +05

76 0,5

25,4 0,25

Figure 4 — Sampling tube holder
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6 Sampling

Unless otherwise specified, samples shall be obtained by the procedures in accordance with ISO 3170.

7
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Preparation of materials and apparatus

Cleaning the catalyst wire

the abrasive cloth (4.8) until a fresh metal surface is exposed. Wipe with dry absorbeni\cqg
particles of metal and abrasive have been removed. In all subsequent operations, Handle
with clean gloves (cotton, rubber or plastic) to prevent contact with the skin.

Preparation of catalyst coil

L the steel and copper wires together tightly at one end for three turns and then wind them sin
hside each other on a threaded mandrel (5.5 and Figure 3), insertingthe steel wire in the dg
[ the free ends of the steel and copper wires together for three furns and bend the twis

re that the overall length of the coil is 225 mm + 5 mm by stretching or compression if necess

Storage of the catalyst coil

the catalyst coil in a dry inert atmosphere prior to.use, in accordance with the procedures

x B. Inspect before use to ensure that no corrosion products or contaminating materials are
ge of less than 24 h, storage of the coil in\heptane that is free from traces of water a
rials, is satisfactory.

Redistilled heptane (4.2), stored in a tightly-sealed bottle, is suitable for overnight storage of the

Cleaning new glassware

h new oxygen-delivery tubes,/condensers and test tubes with hot detergent solution (see 4.6
ughly with potable water (4.1). Clean the interiors of the test tubes, the exteriors of the conc
interiors and exteriors-of the oxygen-delivery tubes by either soaking for 24 h in a 10 % sq
ctant cleaning fluid\(4.6.2), or by washing in strong oxidizing acid solution (4.6.1). Rin
ughly with potable“water followed by water (4.1) and allow to dry, either in an oven or by a
an-2-ol (4.4) ér-acetone (4.3) followed by air drying at ambient temperature.

Cleaning used glassware

bdiately following the termination of a test, drain the hydraulic fluid completely from the test tu

and an equal

then abrade
tton until all
the catalyst

nultaneously
eper thread.
ted ends to

brm to the shape of the spiral coil. Remove the coil from the mandrel by reversing the winding action.

ary.

described in
present. For
hd corrosive

atalyst coil.

3) and rinse
jensers, and
lution of the
se all parts
final rinse of

be and rinse

all g

4.6.3) using a long-handled brush and rinse thoroughly with potable water.

NOTE

assware with hreptane(4-2)to remove traces of hydrautic ftuid—Washrwittrhotdetergent—solution (see

If adherent deposits are still present, these can be removed by filling the test tube with detergent solution,

inserting the oxygen-delivery tube and fitting the condenser, and replacing the tube in the heating bath at test temperature.
Often, after several hours soaking, all adhering deposits except iron oxide have loosened, and this can be removed by a
subsequent soaking in the hydrochloric/orthophosphoric acid mixture (see 4.6.1).

After all deposits have been removed, follow the cleaning procedure described in 7.4.

Store all cleaned glassware in a dry, dust-free condition until required.

© 1SO 2010 — All rights reserved
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7.6 Cleaning aliquot-removal device

Completely drain the tube of the sampling tube (5.9) and/or any other devices used and rinse any surfaces
that have contacted the hydraulic fluid with heptane (4.2) to remove traces of hydraulic fluid. Soak the device
to above the contact level for 24 h in the surfactant cleaning fluid (4.6.2), or wash in strong oxidizing acid

solution (4.6

.1), rinse with potable water, followed by water (4.1), and dry in the manner described in 7.4.

8 Procedure

8.1 Adjus

the heating bath to a temperature that will maintain the temperature in the hydraulic fluid i

n the

oxidation ce

Is (5.1) at 95,0 °C + 0,2 °C throughout the duration of the test, with oxygen passing throug

cells at 3,0 fh £ 0,5 I/h.

NOTE T
the specific te

It is recomn]
positions no
medium in li

8.2
thermomete
means of an
is used, corr

8.3 When
record the h
conditions. 4
in test fluid
measureme
temperature

8.4 Fill th
inlet tube. If

ne temperature of the heating bath (5.2) will be above 95 °C due to the cooling effect of the ‘oxygen flo
mperature will depend on the bath medium, capacity and circulation efficiency.

ended that the heating bath be always filled with oxidation cells, using dummy (ballast) cel
[ occupied by test cells. In this way, the heating levels will be consistent) and the level of|
uid baths will be maintained at the correct immersion depth.

Measlire the temperature in each cell containing 360 ml of fluid, <by means of the liquid-in-

located on the thermometer bracket (5.4.3) with the immersion line at the fluid surface,
alternative temperature-measurement device at the same.paoint. If the liquid-in-glass thermor
pct the temperature reading by subtracting 0,1 °C to allow-for emergent-stem heating.

a uniform temperature of 95,0 °C £ 0,2 °C is obtained in all the test cells in the heating
pating bath temperature and maintain it at this level throughout tests carried out under the 5
ny change in condition, such as a change in-the number of cells in the bath, or dramatic ch
type, necessitates a check on the level and\ uniformity of temperature control. All temper
hts are carried out on new, undepleted test portions and/or dummy cells. Immediately afte
control has been established, remove the temperature-measurement devices.

b empty oxidation test tube with 360 ml of hydraulic fluid. Slide the catalyst coil over the ox|
the wires are uneven at one_end of the coil, position the coil so that this end is down. Plac

oxygen inlet
test tube. If
of the oxid
water and aq
during the t

NOTE

Ap

tube with the coil into the testtube, and place the condenser over the oxygen delivery tubs
sed, a sampling tube (5.9) @nd holder (5.11) are inserted at this time. Check the immersion ¢
ion cell, and adjust 67355 mm = 10 mm as necessary. Connect the condenser to the co
ljust the flow rate sueh that the temperature of the outlet water does not exceed 32 °C at any|

an alternative‘to using the sampling tube holder (5.11) and sampling tube spacer (5.12), the sampling

tubing (5.6) no more th
blow dry with air. Adjust the rate of oxygen flow to 3,0 I'h + 0,1 I/h.

8.6

8.7

8.3 to maintain the hydraulic fluid at 95,0 °C £ 0,2 °C in each test cell.

8.8

h the

v, but

s for
fluid

hlass
br by
neter

bath,
ame
ange
bture
r the

ygen
e the
and
epth
oling
time

tube

bf the

xible

) and

Maintain the conditions for 30 min. Mark the level of the hydraulic fluid on the outside of the test tube.

Throughout the duration of the test, maintain the temperature of the heating bath at that determined in

At determined intervals (see the third paragraph of this subclause), disconnect the oxygen-supply tube

and allow the contents of the oxidation cell to settle for 30 min. Remove the condenser, if necessary, and,
using the selected aliquot removal device, withdraw an aliquot of 2 ml to 5 ml from the mid-point of the

12
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hydraulic fluid in the oxidation cell. Determine the acid number of the aliquot in accordance with the procedure
described in ISO 7537, and if required, record the condition of the hydraulic fluid and catalysts.

Replace the condenser if removed, connect the oxygen-supply tube, and re-establish the test conditions.

It is normal to omit acid number determinations for the first 350 h of test, and thereafter to carry out
determinations at intervals of every 150 h to 330 h. For hydraulic fluids with an expected oxidation life of less
than 500 h, earlier removal of aliquots is at the discretion of the operator. For very long duration tests, aliquots
should be taken less frequently, and after 3 000 h, at 500 h + 25 h intervals until observation indicates that the
fluid under test is nearing the end of its oxidation life, when more frequent observations may be introduced. If
the acid number has still not increased by 2,0 mg of KOH per gram of test portion at 10 000 h, it is
unrepsonabte to continue the test,as the fiuid witthave beemn serfousty distorted, and the catafyst coil might
havg become exposed.

8.9 | Discontinue the test when the measured acid number has increased by 2,0 mg of- KOH per|gram of test
portipn, or at a predetermined fixed period of hours.

8.10| At the end of long fixed-hour tests, other requirements than the acid number may also be|specified. A
procedure for the determination of the insolubles content is given in Annex G;~a means of assespment of the

degrpdation of catalyst coil condition is given in Annex D, and an outlin€-procedure for metal$ analysis is
given in Annex E. Any formation of disagreeable odour should be noted and‘reported.

9 [Calculation

Calcllate the oxidation life, L, in hours, from the following equation:
L=A4+(B-4)[(20-C)/(D-C)]

wherne

M4 is the number of test hours whefiuthe acid number was last determined to be less than 2,0 mg of
KOH per gram of test portion;

B is the number of test hoiirs ‘when the acid number was first determined to be above 2,0 mg of KOH
per gram of test portion;

C is the acid number-at 4 h;

D is the acidhumber at B h.

10 Expression of results

10.1| Report the oxidation life of the fluid, in hours, to the nearest 1 h up to 1 000 h, and to the pearest 10 h
above TO00h. When the test has been discontinued at a fixed number of hours, with the acid number
increase of less than 2,0 mg of KOH per gram of test portion, report the acid number in parentheses following
the fixed period of test.

10.2 Report any degradation of the condition of the catalyst coils and/or the formation of disagreeable odour
at the completion of the test.
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ion

11.1 General

The precision of this test method for synthetic hydraulic fluids is not known because interlaboratory data are
not available. This method may not be suitable for use in specifications or in the event of disputed results as
long as these data are not available.

However, precision for inhibited turbine oils is given for guidance as an indication of the precision that could
be obtained for synthetic hydrauhc fluids. The preC|S|on for inhibited turbine oils was determined by statistical
i [1]

to provide a
a single op
method for 3

11.2 Repe
The differen
constant op
operation of

For inhi

where X is tk

11.3 Repirq

The differen
different lab

the test method, exceed the following value in only onel¢ase in 20.

For inhi

where X is t

11.4 Reprq

When testin
the differeng
0,302X, whe
in 20.

12 Testr

estimate of reproducibility when comparing the results of the average of two successive tes
rator, and this is also reported. The precision was determined using 1SO 661803 as the
cid number determination.

atability, »
ce between two test results obtained by the same operator with the-~same apparatus |
brating conditions on identical test material would, in the long run, dnsthe normal and cd
the test method, exceed the following value in only one case in 20.

bited turbine oils, » = 0,192X

e average of the results being compared.

bducibility, R

ce between two single and independent test results obtained by different operators worki
pratories on identical test material would, in-the long run, in the normal and correct operati
pited turbine oils, R = 0,332X

e average of the results beingicompared.

bducibility with duplicate tests
j inhibited turbine oils/if two successive tests are performed by each operator as specified in

re X denotes/the‘mean value of the averaged results from the two laboratories, in only one

bport

rated
ts by

test

nder
rrect

g in
bn of

11.3,

e between the-averages of the two sets of results from the tests would exceed the valyie of

case

The test report shall contain at least the following information:

a) arefere
b)
c)
d) anydev

e)

14

nce to this part of ISO 4263;

the type and complete identification of the product tested;

the result of the test (see Clause 10);

iation, by agreement or otherwise, from the procedure specified;

the date of the test.
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Annex A
(normative)

Liquid-in-glass thermometer specifications

The liquid-in-glass thermometers described in 5.4.1 and 5.4.2 shall meet the specifications given in Table A.1.

Alternative temperature-measurement systems shall meet the performance criteria given in these
specifications

Table A.1 — Thermometer specifications

Thermometer Heating bath Oxidation path
Temperature range °C 72 t0 126 80 to 100
Immersion mm 100 76

Scale marks:

Subdivisions °C 0,2 0,1
Longer lines at each °C 1 —
Numbers at each °C 2 1
Maximum line width mm 015 —
Scalg error, maximum °C 0,2 0,1
Tota) length mm 390 to 400 23510 245
Stem OD mm 6,0 to 8,0 6,0to7)0
Bulb| length mm 15t0 20 —
Bulb| OD mm < stem OD —

Scal location:

Bottom of bulb to line at °C 72 —
Distance mm 125 to 145 —
Scale length mm 190 to 235 —

NOTE An ASTM 40€#P-80C thermometer meets the specification for the heating bath thermometer.
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Annex B
(normative)

Procedure for packaging and storage of catalyst coils

B.1 Materials

B.1.1 Tes

tubes, made of borosilicate glass, 250 mm long, with an outer diameter of 25 mm and,an

diameter of approximately 22 mm.

B.1.2 Tes
the test tube|.
B.1.3 Des

390,590

tube caps, cylindrical, made of polyethylene and designed to grip closely the outside surfa

ccant bags, made of paper, approximately 76 mm long, 51 mm wide and\3'mm thick, conta
f silica gel.

nner

ce of

ining

B.1.4 Flughing tube, made of stainless steel or glass, 305 mm long with an outside diametér of

approximate
B.1.5 Nitr

The pressur
tocauseav

y 5 mm, to deliver nitrogen to the bottom of the test tube.
bgen, of minimum purity 99,7 %, oxygen free, and regulated.to a suitable pressure.

b should be sufficient to dislodge loose particles from-the inside of the test tube, but not so hig
brtex and entrain air within the tube.

B.2 Proceédure

B.21 Flug
(B.1.4) to blg

B.2.2 Hold
desiccant bg
tube, to the

B.2.3 With
cap (B.1.2).

h a new test tube (B.1.1) that is visibly:clean and dry, with nitrogen (B.1.5), using the flushing
w out any loose particles.

the empty tube at an angle and, wearing gloves, gently slide the catalyst coil into the tube. A
g (B.1.3) folded lengthwiseyto fit into the tube. Insert the flushing tube down the middle of the
pottom, and blow nitrogen-through the tube for several seconds.

draw the flushing-tube slowly, with nitrogen still flowing, and immediately seal the test tube

jh as

tube

dd a
test

ith a
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