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\ PREFACE

The present repo~t on Specifications and Testing Conditions
relating to fire-resistant fluids uscd for power transmission does
not represent only the efforts - continued over a period of six yzars -
of 2 group of specialists (engineers and medical experts) who are daily
occupicd with these problems in the coalmining industry and in its re-
search stations; it is also the fruit of the continuous collaboration
tetween numerous experts from the oil and chemical industries (manu-
facturers of these substances), from the coalmining industry (the users)
and the machinery manufacturcrs (who make thc machines for which these

fluids are intended).

The objective was an ambitious one: namely to ensure that the
underground use of fire-resistant fluids for power transmission should
be subiect, in all Community countries, to the production of a certificate
witnessing that they had been examined by means of the same series of

tests.

It was conseguently not enough simply to lay down criteria of
non-flammability. Other criteria had to be laid down, as a guarantee
that the liquids do possess the technical characteristics called for by
the use for which they are intended, and finally, other criteria again
ensuring that these two requirements arc met without attendant risk to
the health of the workers.
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In addition, it was necessary to describe precisely the
methods to be used for determining that the fluids proposed for under-

ground use do indeed fulfil the reaquirements laid down.

It is this which explains the meticulous detail in which. the

report has bheesn preparcd.

Adovting this report at its Plenary Session of Jctober 16, 1964,
the Minces Safety Commission gave expression to its conviction that it
is a piece of work which can contribute greatly to the furtherance of

safety in mines, and hoped that it would he widely distributed.

In the name of the Mines Safety Commission, I thank all the

experts who participated in the preparation of this report.

(signed) Paul FINET
Mcmber of the High Authority,

Chairman of the Mines Safety
Commission

Luxcmbourg, Cctober 16, 1964
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INTRODUCTTION

The Conference of Safety in Coal Mines summoncd on September &, 1956
bty the Council of Ministers at the request of the Bigh Authority of the
E.C.5.C., immedictely =zftcr the Marcinelle disaster, adopted the following
recommendation in its final revnrt, Chepter II, “Technical Research', in

Recommendation 26 - M (page 150 of the Confercnce Report):

"Research should be continued with the object of
developing incombustible fluids to be used in place
of inflammable oils for mechnnical purposes, e.g. in
hydrauvlic equipment, couplings, tub-declking plant,
props, etc.” '

The Mines Safety Commissicn which was set up as a result of this
Conference and at the suggestion of the High Authority, by the decision
of the Council of Ministers on July 9, 1957, with a view to reducing the
dangers attendant on the use of combustible fluids in the coal industry,
instructed its Working Party on Mine Fires and Underground Combustion
to work out the criteria for fire-resistant fluids and for the appropriate

tests.

On November 23, 1958, the Working Party decided in the light of
the exigencies of safety in mines to entrust the study of this problem

to a Committee of Experts.

On December 20, 1960, the Working Party werc able to submit to
the Mines Safety Commission an information report (published on
November 28, 1960) regarding the first conclusions which the Committee

of Experts had reached since the beginning of itso work.
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Having examined this report, the Mine Safety Commission agreed
to make it available to all intsrested bodies for their information, in
order toc keep them in touch with developments in this field and with work

in pregress in the Committee of Experts.

In the circular of February 24, 1961 (Doe. 1159/1/61) this in-
formaticn report on the establishment of criteria for fire-resistant
fluids used for power transmission and for tests to be cazrried out was
made available to reprcsentatives of the coal mining industrie, the oil
and chemical industries and the mechanical enginecring industry in the
Community countries. In addition, the text of this report was included

in the 2nd Recport of the Minez Safety Commission published in June 1961,

Since then the Committee of Experts has re-studied more closcly
the problems relating to the definition of technical criteriaz of in-
flemmability and the techrolomical criteria. Ccmparative tests carried
out in tho laboratories of the Technischer Ueberwachungsverein (Essen),
at the Versuchsgrubengesellschaft (Dortmund), at the Institut National
des Mines (P&turages) and at the Houilléres du Nord et du Pas-de-Calais
(Sin-1lc-Noble), have made it possible to verify the proposed criteria
end to test new experimental appnratus and methods. The Committee of
Fxperts hos carefully examincd the proposals and suggestions sub-
mitted by representatives of the industries consulted. In varticular,
it has had diescussions resarding the solution of various questions with
representatives of the oil industry, the chemical industry and the
mechanical enzineering industry, as also the coz2l mining industry. It
has also sought to take full account of the most recent American infor-

mation in this field.

Examinaticn of the health criteria rcceived its particular
attention. The Committce of Experts was able to call upon the advice
of medical experts from the Federal Eepublic of Garmzny, Francec and

Belgium.
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The Cormittee of Exverts is of the opinion that this 2nd report,
which contains the most rccent information relating to the definition

Eal

of criteria for fire-resistant fluids used for power-transmission, provides
in its present form information which will be useful not only to the c»oal

mining industrie but to the above-mentioned industries as well.
It hopes hereby to have contributed towards increasing mine safety.

However, it does not consider that its task is complete. At a
suitable time this 2nd revort should be re-cxamined with a view to revisin
it in the light of the latest technical developments. In this connection,
it hopes to be able to take advantage, in the future as in the past,

of suggestions end proposals of »ractical value.

The Committee of Experts wishes to thank all those who have

asgisted in drawing up its renort.

(in aprcndix to this report gives a list of names of members of the
Committeec of Experts, of the Working Party on Mines Fires and Underground
Combustion and the Mines Safety Commission).
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PART I - GENERAL REMARKS
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1. CLESSIFICATION

o

’vailable fire-resistant fluids used for power transmission can

be divided into the following categories in respect of their utilisation:
A = Emulsions of the oil-in-water type containing = maximum of 20 %
comtuetible matter. Temperatures of usec between + 5° and 65° C.

B = FEmulsions of the oil-in-water type, containing a meaximum qf 60 %
combustible matter. Temperatures of use bzstween + 5° and 65° C.

C = Aqueous solutions containing a minimum of 40 % water. Temperatures
of use between - 20° and + 65° C.

D = Fluids containing no water., Temperatures of use between - 20° and
+ 150° C.

2. TECHNICAL CRITERIA OF FLAMMABILITY

The flammability of the fluids is determined by tests a) and t);
the result of test c¢) does not constitutc a criterion for rejection, and

it is used at present only for rescarch purposes.

a) Spray ignition test over a flame

The fluid to be testcd is atomised under a pressure of 70 kg/cmz;
an oxy-acetylene flame of precisely defined cheracteristics is then dire

on to the jet.
Operating conditions arc described in Annex I.

b) Flame-propegation test in a mixture of the fluid with coal dust

By this test the propagation of a flame is measured on a mixture
of 75 % by vol. of coal dust and 25 % by vol. of fluid, a test piece
250 mm long, 20 mm broad and 2 mm thick being held in a Bunsen-burner

fleme of 1,000° C temperature to heat the extreme end of the test piece.
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When the latter flares up, the flame should not spread markedly

beyond the zone of effect of the Bunsen-burner flame.

Opcrating conditions are described in fLnnex II.

c¢) futo-ignition test

Hyvdraulic couplings are protected apainst overloads by a fusible
plug, which melts at approximately 140°C. When a fusible plug melts,
the pressure of the fluid generally produces =2 ragged outlet orifice

which favours oxidation of the Jjet accompanied by the formation of

peroxides. If-the fluid used is flammable, the peroxides undergo auto-

ignition at 120° C. Hydraulic couplings can therefore constitute a
potential source of fire. This danger is the greater, the smaller the
diameter of the fusible plug. A dizmeter of as little as 10 mm is

2lready lorge enough to reduce the risk. A device has been developed
y g g

which makes it possible to test whether the fluid used in the courling

can ignite under the conditions which may arise when a fusible plug

melts in unfavourable conditions.

The rresent draft test procedures and the layout of the apparatus

arc described in Annex III.

EEALTH CRITERIA

Fire-resistant fluids must be covered by a toxicological test

report.

The report must contain data obtained from animal experiments
on: acute toxicity, tendency to irritate the sgkin and the mucous
membranes wnd toxic effects of the =erosols and products of thermanl

decomvosition.

The exccution of this test and the subsequent presentation for

aprroval are described in Annexaes XVII and XVIII.

~
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Llthough the prime purpose of the medical investigation is the
determinaticn of toxic irritont effects, no final clearance can be
granted to the substance tested; since it is impossible, on the basis
of deta from the animal erperiments, to exclude the possibility of the
iritiztion of allergic dermatcses, the occurrence of acne-type skin
changes or othar toxic effects. As a rule, such deleterious effects

occur only after 2 fairly long period of contact between irritant and

subjcct. Consequently, even if the mining health criteria are fulfilled,

a hydraulic fluid can be cleared only for a given introductory pcriod;
only after this practical test can a decision be reached as to a final

clearance.

TECHNTCAL CRITERIA

The flow temperature at which the products again rezches
a certain degree of fluidity, orce it has pnssed from the solid
state, must lie sufficiently below the lower temperature at the
rlace of use. The flow temperature is determined in accordance with

the Freonch Stondard NFT 60-122 of June 1956.

The divice used and the method of operation are described in

Annex IV.

b) Dotermination of Viscosity

The fire-resistant fluids must bte capable of being pumped in
devices with hydraulic corntrol =2t surrounding temperatures which
vary cccording to the place of use, between - 20° C and + 50° C.

Trhe viscozity must be measured in accordence with the table below.

5 datermined by means of a viscosimeter and the

i
stats, which arc described in fnnex V.
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D2ota for viscogity measurcments

Temperatures - 200 L 0°C | +20°C i +50°¢C + 100° C
s ' |
- - A 3 A -
? |
f j
‘ N
- - B f B -
Groups j :
- !, ;
c PoC L | C ' -
? ? _
~ ~ ! |
i D D i D : D ? D
| | ; ! z
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c)

a)

e)

g)
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Determination of vapcur pressure

The fire-resistant fluids free from water for use in hydrau-
lic couplings must not exhibit at a temperature of 200 °C a higher

vapour pressure than that of normal mineral oils at 140 °C.

Fluids containing water are not at present being subjected

to this test.

The vapcur pressure should be determined by means of the

vapour-pressure device described in Annex VI.

Meazurement of pH value

The pH value of fire-resistant fluids containing water should

te within the alkaline zone.

The measurement must be carried out ty the method described

in Annex VII.

Pacernvination ¢f shear strength

The determination of shear strength as an index of resistance
to mechanical stresses, is indispensable for fluids intended for
hydraulic trancsmissions, with the exception of group A fluids, which

have a viscosity of less than 10 centistckes at 20 °C.

The measurement must be carried cut by the method described
in Annex VIII.

Determination of the anti- cor”051on action

- e — i o - - . e s e b e et T e e e - - - ———

The anti~corrosion action of the fire-resistant fluids is
to be determined by the method described in Annex IX for those metals
and alloys used in the construction of mining equipment which may
contain the fluids listed above, particularly. steel, cadmium-plated

copper, zinc, aluminium, trass (70/30).

Tests to determine the ageing of fluids

The methods for determining the resistance tc ageing of

a) fluids containing no water (Group D) are described in Anrex X (A)

t) water-containing fiuids (Groups A,B and C) in Annex X (B).
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h)

i)

k)

1)

In determining ageing, the test is carried out at 95 °C in
the presence of copper and iron as catalysts, oxygen being led into

the fluid continuously.

e - o e e i A e - e = e e = e e e e T e = G N e o B S o W R e . v -

In order to avoid losses of fire-resistant fluids through
packings and seals, changes in the packing or seal material should
be as small as possible. The method is to be applied to all fluids

at 70 °C, and additionally at 150 °C for fluids of group D.

The method for determining swelling of packings and seals,

and variations in the Shore hardness, is described in Annex XI.

Determination of protection against wear

- - — e = =T - ae e . e s S e - -

It is necessary to avoid abnormal wear of the material.
Protection against wear is determined with the 4-ball machine,

applying the method of progressive lcading.
The method of determination is described in Annex XII.

Determinaticn of tendency to fcam formation

- -~ e Tt W = et W S - T = e mes e B A n a e e A R e e e e e -

Fire-resistant fluids should have the lowest possible ten-
dency to form foam. The method of determination is described in
Annex XIII.

Determination of emulsion stability

.  —— — — rn - = - - -, — e — — tm ——_

Emulsion stability is determined only for groups A and B.

It is determined by the method described in Annex XIV.
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For economic reasons it should be possible:

a) to mix on the basis of miscibility, fresh, unused products of
similar composition but of different origin, especially for

groups C and D,

b) to mix, on the basis of compatibility, a new product with a simi-

lar product of the same group which has already been in use, but

is of different origin.

No method of testing for fulfilment of these requirements

was avallable at the time of publication of the present report.

n) Determination of water content

- —— - = S " " o, e e = e — -

At the time of publication of the present re¢port, no method

could be laid down.

o) Determination of surface tension

The surface tension of the fire-resistant fluids should be

of the same order of magnitude as that of mineral oils.

The determination is to be carried out in accordance with

standard ASTM D 977.50 T or AFNCR - T. 73.050.
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PART II - SPECIFICATIONS AND TEST CONDITIONS
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GENERAL_REMARKS

Article 1 - Conditions of approval

1) Fire-resistant fluids for hydraulic power transmission and hydrau-
lic control, before beeing used in mine workings, must be given
a certificate of approval iandicating that they have passed the

following series of tests:

a) laboratory tests, described below

(Articles 3 to 7 inclusive and Part III of the report)
b) long-duration tests irn normal use (Article 8)

2) The series of tests is placed under the control of a competent
authority. At present the organisations authorised as such are
as follows:

Germany Technischer Ueberwachungsverein,
Essen/Rubr (Senior specialist institute)

Versuchsgrubengesellschaft m.b.H.,
Dortmund

Hygicene-Iastitut des Ruhrgebiets,
Gelserkirchen

Pharmakolcgisches Institut der Universitdt

Hamburg,
Hamburg
Belgium Institut Naticnal des Mines,

Paturages/Hainaut

France Lzboratoire des Lubrifiants des Houilléres
du Bassin du Nord/Pas-de-Calais,
Sin-le-Noble (Nord)

Luxembourg
Italy

Hollarnd Centraal Laboratorium van de Staatsmijnen,
Geleen

3) Approval of the use of these fluids in mine working is dependent

on production of the certificate mentioned in para. 1).

Article 2 - Description, classification and operating temperatures

1) Fire-resistant fluids for hydrzulic power transmission and hydrau-
lic control are labelled by the initials HS (Hydraulikfliissigkeit,

schier entflammbar) .
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German Federal Republic .occevecesesnsessassnsncass HS

BelgiUm evecacessccescrocosavasscoencosenscoacacssnss T HTI

France evceeeeecaec vescnssoosncasssnsssacesssscnss T HI
LuxemboUrg eccoceverseconccnnsnscnssnsssoneniosesees T HIT
Ttaly eecovvecancsaccancancnissossacncscoansocnnannns
Holiland ..ececvcoocccecvonncsconesacass et cecsceecans

2) Four ranges of viscosities have beea provisionally laid down,

covering the entire range of pessible applications:

HS 1 .ccvoovaaaess 1 to 1.5 Centistokes at + 50°C
HS 2 & vie veevee. 11 to 14 n at + 50°C
HS 4 eovee vianes 20 to 4O 1 at + 50°C
HS 8 .. vve.veesre=e 50 to 70 n at + 5C°C

%) The categories of fire-resistant fluids at present available can

be classified on the basis of their use in the follcwing groups:

A - Emulsions c¢f the oil-in-Water type, containing a maximum
of 20 % conbustibie matter.

Temperatures of use between + 5° and + 65°C.

B ~ Emulsions of the water-in-oil type, ceontaining a maximum
of 60 % combustible matte:.

Temperatures of use between + 5° and 65°C,

C - Aqueous soluticns containing a minimum of 40 % water.

Temperatures of use between - 20° and + 65°C.

D - Pluids containing no wvater.

Temperatures of use between - 20° and + 150°C.

4) Fhe full marking of a fire-resistant fluid for‘hjdraulic power
transmission and hydraulic control will therefore be one of the
following:

H3 1-4,

HS 2-A, H3 2-C, HS 2-D,
HS 4-B, HS 4-C, HS 4-D,
HS 8-B, Hs 8-C, HS 8-D.

5) Fluids in groups B, C and D are examined as delivered.
Group A fluids are examined after dilution according to the

manufacturer's instructions.
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SPECIZICATIONS AND TEST CONDITIONS

Articles 2 t 6 show the results which should be obtained in
the laboratory tests described in the next article 7 and in Part III

of the report.

Article 3 - Technical criteria of flammability

1) Determination of the flammability of a jet sprayed under pressure
(Annex 1)

The fiuids must be given the rating "1" or "2" noted in para-
graph 4 on page 27, in five consecutive tests.
Rating '"'2" may also be given if individuwal flame peaks reach

the screen when the burner is 1.20 m from the spraynozzle.

2) Flame propagation test in a mixture of the fluid with coal dust
(Annex II)

The flame should not spread markedly beyond the zone of
effect of the Bunsen-burner flame. In no case should it exceed 7 cn,

measured from the extreme end of the test piece.

Two series of tests are carried out on each fluid, one on the
fresh, unused fluid, the other on the fluid recovered after the

shearing test.

3) Auto-ignition test (Annex III)

No ignition should take place when the fluid under test is
forced out. This test applies only to group D fluids, especially
those to be used in hydraulic couplings or installations working

at high temperature (zbove 12C°C).

It muet be considered solely as a research test procedure

et precent.
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Article 4 - Health criteria

1) a) Thz toxicity tests applied to water-containing substances
are carried out according to the techniques described in
Annex YXVII. Substances corntaining no water are examined in

accordance with the techniques described in Annex XVIII.

b) Substances given a rating of 10 in individual tests or a

rating of 50 in a test series should be rejected.

2) The Toxicological Institute charged with performing the tests
can commuaicate direct with the suppliers of the hydraulic

fluids, to facilitate its work.

32) The Toxicological Institute charged with the performing of
the tests is the sole institute responsible for assessing the
test resuits. Its findings are to be transmitted to the senior
specialist institute. The suppliers of the fluid may requesst a

copy of the findirgs from the senior specialist institute.

Article 5 - Technical criteria

1) Flou temperature (Annex IV and standard AFNCR T 60-122)

The flow temperature is determined before and after the
snearing test. The flow temperature of the new fluid serves
cnly for purposes of identification. The permissible limit

veliues for the modification of the flow temperature after the

.

hearing test are shoun in Table 2.

N

8
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2) Viscosities (Annex V)

These nust correspond with the figures set out in Table 1:

TABLE I
- e - e 1
: Kinetic viscosity in centistokes at
| Series * Group ;
: i - 20°C + 0°C . + 20°C 1+ 5G°C + 100°C
HS1 LA { No determinations
s - — —
Hs 2 A i : /50 - 11/1k
I cC /180 ' /1701 /50 1 11/1k |
i i
. D | /1800 | /il /50 ' o1:1/1k4
1 __r SNPN—
f
HS b . B | ‘ /190 . 20/ko
¢ ! /5000 : / 8¢Ci /190 ; 20/k0
! = = = ‘ v
: /5000 /80, /190 | 20/k0 = 76
o H - i b ! t
i %A — ' SO 4 e i
| H S 8 ! ! : i/ 360 | 50/70 |
\ i ’ i ’ ! i
L c | /12 000 | /1800! / 360 | 50/70 |
i { ~ :
Z 1 /12 60O ! 180CH [/ 360 ; 50/70 | 7 10
: - L ; !
The figures shown for - 20° and + C°C serve as provisional limit
values.
%) Vapour prezsure (Annex VI)

L)

At the present time this test is restricted to fluids con-

tai

o}

ing no water. The vapour pressure of such a fluid at a tempera-
£

ture of 200° nmust not e:xceed that of mineral oils. It must, in

(0]

ary case, be below 0.5 kg/cma.

Measurement of pH value (Annex VII)

The pH value must be less than or equal to 10.

This mezsurement is carried out only on group A and €

fluids.
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5) Shear strength (Annex VIII)

The characteristics to be determined on the recovered
liguid are listed in Table II. The variations from the values given
by the same fluid bYefore the shear test must not excecd the limits

showm in Table II.

TAELE II

Characteristics ; Fluid groups tested
measured ;

Acyy B ! c . D

Kinetic viscositizs at- |

- s ameh b — e e 4 [P
H ]
|
|

.

- 20°¢ | - b o e 08 Le15%

+ 0°C - - §'+40%§—+15%

+ 20°C Lr10% ¢ /+10% L +35%. /[ +10%

+ 50°C [+10% | /+10%, [ +30%. /% 5%
Flow temperature é Z:+ 3°C é Z + 3°C: Z + 3°C g Z + 3°C
pH ; Z,i 0.5 § - | Z_+ 1 -
Neutralisation value : a § T ?
(mg/KOH/gm) : - c L+ 0.5 ‘ - : / + C.5
Water content % LS =28 % ; Z - 5 %i /- 8%, -

(1) BExcepting filuids HS 1 - A

6) Anti-corrosion action (Annex IX)

No appreciable corrosior effects may be observed on the
metzls and alloys used in the construction of the different
machiczes. This is also true of metals used in the composition

of the metallic coatings.

Normalilly, nc depcsit siould occur nor should any
appreciable change of colour of the metal surface immersed

in the fluid be cbserved.
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Fire-resistant fluids should normally exhibit a resistance to
deterioration and oxidation as close as possible to that of netro-
leum-based lubricants. The permissible variations during the tests

are as follows.

a) Fluids of groups B anrd D. Test duration 600 hours.

Increase in neutralisation value / 2 mg KOH/gm for group B and
fluids. =

Increase in constituents inscluble in benzene / 2 % for groupe
fluids. -

b) Fluids of groups A (excepting fluids H3 1-A) and C. Test dura-
ticn. 200 hours. After this period the pH should not be / b,

c¢c) The metal spirals shculd not become fouled or corroded to any
marked extent.

8) Behaviour of packings auad seals (Annex XIZ

No appreciable deterioraticn must be observable in the mate-
rial used in packings or seals, in particular there must be no
shrirkage, no hardening or modification of the surface (cracks).

The maximum permissible variations are.

a) Swvelling: % % of the volumc of the test piece.
b) Shore hardaess. + 5

c) Shrinkage: 2 % cf the volume of the test pisce.

The minimum values given in Table III are permissible for
average Hertz loadings, the value 100 being given to the average
Hertz loadiag for a pure pareffin-based oll, vith a viscosity

of 50 + 1 centistokes at + 50°C, used as a refereice fluid,

Thz minimunm values for seizing lcad are also given in

Table IITI.
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TARIE IIT

E Reference Group

| o3l LA (D) B e D
Average Hertz f ; § ! i
lcading % 100 P85 95 ilOO | 100

i ! = |
Seizing load 160 kg ? 90 kg ;130 kg 130 kg | 150 kg
(1) Excepting fluids HS 1 - A

10) Tendency tc foam fermation (Annex XIII)

Fire-resistant fluids must not form a greater volume of foan

than that cccurring with petroleum prcducts.

11) Emulsion stability (Annex XIV)

This test is carried out only

ing limit values must be observed

a) Group A -
at + 20°C

b) Group B -
at + 20°C

Occurrence of creamy
or at + 40°C.

Occurrence of creamy

or at + 4C°C.

¢) Separation of water and oil is

on groups A and B. The follow-
feam / 5 mm after 1000 hours
foam / 5 mm after 600 hours

not allowed.

12) Miscibility and compatibility (Annex XV, nst finished at the

Basically, fire-resistant fluids of groups C and D should

be mutually miscible in the fresh, unused state. Furthermore

there should te compatibility within groups A, B, C and D,

between a used fiuid znd newiy-added fresh fluid of the same

group.
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13) Water content (Annex YVI, not finished at the time of publicstion)

e mn an o . ——— —— = o A e v A = e v - e T e e A W e - — - —— — — A ——— s = o . - — =

Fer the momeat, this test is used only for checking purposes.

14) Density (standard methcd)

- - - —— e o mm - = - =

The density is used for purposes of identification. It should

as far as possible be belecw 1.5.

15) Ash ccntent (standard method)

Ash content is uscd for identification purposes. The follow-

ing values shculd not be exceeded.

Group A sevcccscnsanns L %, determined on the concentrated
flammable product;

Group B +v.evc. c.e.e. 1.5 %, determined on the fluid as ready
for use;

Groups C end D .. .... 2 %, determined on the fluid as ready
for use.

16) Surface tension (standard method)

The figure for surface tensicn must not exceed 38 dynes/cm
at 20°C.

Article 6 - Tolerances in the determination of individual characteristics

Methods.
M 1 - Annex I - Spray igaition over a flame.
no tolerances.
M 2 - Annex I1 - Fiame propagation
+ 5 mn of the propagation path of the flame.
M3 - Anaex III - Auto-ignition.
20 tolereances.
M % - Anpex IV - Flou temperature
+ 3°C.,
M5 - Annex V. - Viscosities
+ 5 %.
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M6 -~ Anrex VI - Vapour pressure.

M

~J

- Annex VII - pE value

M 8 - Anrex VIII

Shear strength

the variaticns in the characteristics are to be
taken as ‘'measurement tolerances aliready deducted".

M 9 - Annex IX - Anti-corrosion action.

M 1C - Annex X - Ageing

the variations in the characteristics are to be
taken as '‘measurement tolerances already deductedi,

M 11 - Annex XI - Behaviour of packings and seals

M 12 - Annex XII - Protection against wear.

M 13 - Aanex XIII - Fcam formation

M 14 - Anrex XIV - Emulsion stebility

+ 50 % of the height of the separated layer.

M 15 - Annex XV ~ Miscibiliity and compatibility.

no tolerances.

M 16 - Annex XVI - ¥ater content

not yet laid doivn.

M 17 - Ash ccontent
+ 20 %.
M 18 - Surface tensicn

+ 2 dynes/cn.
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- e PRSI

Method |

described ;

in annex: | Germany
!
o

f e meala e d e e e ——

Stonde rdsand documents for individuazl countries

: - - e e e e
Belgium { Fronce ,  Nether- . U.S.A. |
, ‘ 1l-onds { !

i
! | | |

S U gt USRS o
|
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5.2 VlovOolt‘ e i Y I DIN 53015 o prTTeTm e e e S b --c’»----..‘---_. ————— __._.1
B3 Vmour mrenSuRe Ty T T T T T T
5.5 Measurcment oi pH voluo ; VIT f ? ‘ ' ; Tttt
5.5 Shear strength A I T "
5.6  Anti-corrosion cction e I ; » R N
5.7 Ageing. of fluids cont-.ining ! E o : Tem T

no_wo water . X
' X

of fluids containing veter - : --——t— NEN 3024{ ASTMD 943.5h -

| pIn 51587 ! : !
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{

X
oo
o
b
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. — i ————— . 0 " S ol A A et ] 8 e [ VSR RUSPIRPI SR PN SR S90S
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.13 Water content S S 4 S E 2 A S S SO
5.1L Density - " CTTTUDIN B1757 T T NBN 52011 VO PS To R P e A

i - : 52015 ond
5.15 Ash content o e . DIN 51575 : 3N 5201:-1:- _160.11) - N. 907
5.16 Surface tension

b e

ASTMD 977.50 T

! !

~—ra PR et 5 A i H

I T Toxicological test: ! i i , |
- fluids cont.ining water (A+C) f XVIT i | ‘ ! ?
= fluids contuining no water (D) | _ XVIII . ___ ’ N |

(1) Method not 1-id down =t time of publicztien, but uander consideration.
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Article 8 - Test during practical operations

1) These tests are carried out in a mine working at the request
cf the specialist institute, with the authorisation of the com-

petent authcrities.

The conditions for carrying out the tests shall be agreed

betieen the above-mentioned bedies.

2) The supplier of the test fluid shall be allcwed to be present
at the tests, only if this is agreed btefcrehand. In such a case,

the responsible 1nstitute must be informed.
3) These tests must be at least 6 months in duration.

Article 9 - Withdrawval of approval

At the request of the specialist institute, the permitting
authority may withdraw the approval for the fluid to be used in

mine workings.
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PART IIT - DESCRIPTION OF TEST PROCEDURES
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SPRAY IGNITION TEST ON A JET ATCMIZED UNDER A PRESSURE

OF 70 KG/SQ.CH

1. PRINCIFLE

The flame cf an oxy-acetylene torch is directed on to an

atomized jet of the fluid under test. The effects of the flame

on the jet are observed.

2. APPARATUS

a) - A container for the test fluid, with a minimum capacity of

-

1 litre.

b) - The pressure required for the spray jet is produced by one

of the two devices shcwn in Diagrams A or B:

SCHEME A:

SCHEME B.

700/2/63% e

A cylinder of compressed nitrogen with a pressure-
reducing valve set to 70 + 3 kg/sq.cm. This cylinder
is linked by a high-pressurehose to a fiuid con-
tainer which can be heated electrically, from which

a closeeble, heat-insulated pipe leads to the spray
nozzle. The temperature of the test fluid can be
measured by means of ccpperconstantan thermo-elements
in the tank and immediately in front of the atomi-

ging spray nozzle.

A pressure device, consisting of a pressure pump
connected to the spray nozzle via a pipe to vhich
are connected the pressure gauge for checking pur-
poses and a pressure regulator, which forces excess
fluid back intc the tank.

The pressure regulator is set at 70 + 3 kg/sq.cm.

The spray nozzle is connected directly to a valve.
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c) A test spray nozzle as shown in the drawing (see diagram). This
consists of a hard steel disc with a C.4% mm diameter descharge
orifice in the centre; the edges of this orifice are sharp. The
disc must present a smooth surface of 10 mm. diameter tc the
test fluid (see diagram, detail R); the plate with the 0.4 mm
orifice is 1.6 mm thick. To ensure maximum security against
blockage of the jet, a / O.% mm mesh sieve (144 meshes per sq.
‘em. ), with a minimum di;meter of 10 mm, must be fitted upstream
of the jet. The distance between the jet and the sieve should
b

43]

about 20 mm.

d) An oxy-acetylene torch (750 litres), which must burn with a
10 cm conical flame which is white internally and edged with
blue. The total fiame length must be 20 cm. The acetylene pres-

sure is set at 1 kg/sq.cm and the oxygen pressure at 5 kg/sq.cm.

e) A metal screean 75 cm broad and 10C cm high, set up at right
angles to the jet at a distance of 17C tc 180 cm from the nozzle
tip, so that its middle-point falls approximately on the pro-

jection line of the spray nozzle.

3., TEST PROCEDURE

Once the fluid has reached a temperature of 65 + 5°C and
is under a pressure of 70 + 3 kg/sq.cm, the valve to the spray
nozzle is opened. The attempt is then made to ignite the jei of
fluid with the oxy-actylene flame. The flame is moved at a speed
of 4 cm/sec, at right angles to the jet of fluid, and along it in
such a way that the tip of the cone travels from the nozzle to a
point 120 cm away from the nozzle aiong the axis of the jet of
fluid; it is kept stationary for 5 seconds at its greatest distance
from the jet. The total duration of the test is 35 seconds. Five

tests nmust be carried out in immediate succession.

Before running a new test with a different fluid, in
Scheme A the fluid conteiners and the separate nczzle components
must be rinsed several times with boiling water to which a clean-

sing agent has been added.

In Scheme B, the test apparatus must be flushed carefully
with the fluid under test.
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4. RECORDING CF TEST RESULTS

The results must be reccrded as followus
a) the jet of fluid ¢ces not ignite = (1)

b) the jet of fliuid ignites, but the flame does not reach
the screen = (2)

c¢) the jet of fluid ignites, and the flame reaches the
screen = (3).

Necte This method is based on the American Method AMS-3150 C.
The atomising pressure and the dimensions of the nozzle

are the same as in Method AMS5-3150 C.
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FLAME-PROPAGATION TEST IN A MIXTURE
OF THE FLUID WITH COAL-DUET

1. PRINCIPLE

The propagaticn cf a flame is measured in a mixture of
75 % by vcl. of coal-dust and 25 % by vol. of fluid. The test is
carried cut in a room at ncrmal air temperature without artifi-

cial wventilation.
2. APPARATUS (Assembly and details in attached drawings)

a) Adjustable Buncen burner
} Standard ring with 140 mm internal diameter

c) Longitudinal stop plate

d) Support for items (2) and (3)

e) Steel plates to carry the test pieces

f) Thermo-couple and pyrometer

g) Graduated scale with adjustable support

h) Metal frame for making test pieces

i) Slides for making test pieces

j) Laberatory stop-watch.

3. MAKING THE TEST PIECES

The test piece must be 25C mm long, 20 mm broad and 2 mm
thick. The steel plates (5) have a datum mark, to facilitate
keeping the length of the sample plece to 250 mm measured from
one end. Correct adjustment of the width is obtained by using
the slides (9). The jig for making the test pieces is shown in
the attached drauving, which also illustrates the plates and metal
frames used.

The test piece consists of a mixture of 75 % by volume of
coal dust and 25 % by volume cf test fluid. The coal-dust volume
is measured in a calibrated cylinder approx. 35 mm in diameter
and about 155 mm tall. A sufficient quantity of mixture is pre-
pared (about 150 cc) tc provide for at least 5 tests, alloving
for handling losses. With mixtures of coal-dust and water, it
is advisable to add tc the water one part per 1 000 of s

wetting agent. The mixture is prepared by hand in a mortar.
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4. CCAL-DUST

The coal-dust used for the tests is drawn from Montrambert
cocal, prepared by the "Centre d'Etudes et de Recherches des
Charbonnages de Frarce' in Verneuil-en-Haliette (Oise) and supplied

by them. The average characteristics of this dust were as follows:

Moisture secee.e o veseeos 1.4 %
Ash (dry basis) vo ceveneae 9.6 %
Volatile matter (dry basis)31.0 %

Size consist o¢ cocesoeses 60 to 100 microns.

5. TEST PROCEDURE

The test mixture is prepared as described above, one hour
before tre bveginning of the test; S5 test pieces must be prepared
fcr each substance. Each test piece is attached to a standard
ring (2) above a Bunsen burner of a design as per drawing. The
longitutinal stop (3) and the stops on the ring hold the test

piece accurately in position.

The flame must be adjusted toc a free height of approxi-
mately 140 mm. The flame temperature, measured some 5 mm below
the ring (2), should be 1000° + 30°C.

The Bunsen burner is set up in such a way that its axis
lies under one end of the test pisce (as can be seen in the
assembly drawing), the distance between the tip of the flame and
the bcttom side of the test piece is 45 mm. A stop-waich is
switched cn at the mcment when the flame is placed under the
test piece. After a heating period of 5 minutes the burner is

turned off.

The factors measured are:

2) the syread of the extreme tip of the flame each minute,
measured in mm on the scale (7), beginning at the zero mark,
which must correspond itk the datum mark;

b) the time tzken for the flames on the test piece to die out;

c¢) the farthest distance covered by the tip of the flame;

d) the anomalies glcwing after extinction of the flame,

reneed ignition, etcevcesaacs
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Bach test with a given fluid consists of five measurements,

but each test piece is used once only.

6. ERDSENTATION OF THE RESULTS

The results obtained are expressed as the arithmetic
mean of the five measurements. The tolerance between two suc-

cessive tests is 4+ 5 mm for the same operator.

NOTES

a) In preparing the test piece care must be taken to press the

paste uniformly.

b) The steel support for the test piece is scraped clean and
cooled before reuse. Any traces of the earlier sample re-

maining are removed with emery cloth No. O.

c) It is advisable to retrace the datum mark with a metal

scriber after every 10 or so tests.

700/2/63 o
























- 32 - ANNEX ITI

DRAFT OF AN AUTO-IGNITION TEST

1. PRINCIPLE

The object of the test is to determine whether a hot
liquid lubricant will undergo auto-ignition on contact vith the
air, when it is forced under pressure through an orifice in a
thin jet, without a flame cr a het point being present. In this
determination the test must be carried out under very carefully

determined conditions of temperature and pressure.

The test sets out essentially to simulate the release
of energy by the hot lubricant when a fusible plug melts. The
test is, ir principle, carried out only on fluids which do not
contain water, but can be applied if necessary to “water-in-oil"

emulsions.

2. APFARATUS

The apparatus consists essentially of a heated cylinder
containing the fluid to be tested (approximately 250 cc). One
end of the cylinder is sealed with a fluid-tight piston, the
cavity behind which is filled a fluid under a pressure of
7 kg/sq.cn. The other end of the cylinder is closed by a fusible
plug consisting of an alloy melting at approximately 140°C. The
outlet orifice consists of two concentric cones, whose generating
lines are parallel and at a maximum of 1 mm apart. The inner cone
is held in place bty a ring of insulating mesterial pierced by

eight holes approximately 1 mm x 6 mm.

By means of an electrical resistance all the surfaces of
the cones are brought to the same temperature as the fluid con-
tained in the cylinder. The surface of the outer cone is cornnec-
ted to earth, while the surface of the inner cone is electrically

insulated against short circuit.

In addition to the apparatus described above, the test
calls for the fcllowing devices
- a device for filling the cylinder with the test fluid;
- an air-discharge vent;

- a pressure regulator with discharge device;

7OC/ 2//63 e



- 33 - ANNEX_TTT

- two pyrometers to measure the temperature of the test fluid
and of the outlet;

- the adjustable resistances for the electrical pre-heating
devices;

- a device for feeding the fluid under pressure, with a pressure

gauge for checking.

The apparatus is showun diagrammatically in the
accompanying sketch which also includes a section through

the outlet orifice.

3. FREFARATICN OF THE FUSIBLE PLUGS

a) Composition

The plugs are made of a bismuth-tid .alloy containing
60 % by weight of bismuth and 40 % of tin. With cast (not
cold-hammered) metal the melting point lies around 140/142°C.

b) Preparation

Starting with the mixture of powdered metals, strips
16 mm wide and 1 mm thick are cast in the metal nould
shown in sketch B; the volume of one such strip is approximately

1.7 cc.

The alloy is cast by placing the filled mould on a
heating plate and bringing it up to 130°C.After this
casting process the mould is taken off the heating plate

to alicw the alloy to cool slowly.

¢) Cutting the plugs

This is carried out on the mould and punch shown in

sketch B. Six plugs can be cut from one strip.

L. PRETARATION FOR THEE TEST

a) Cleaning
The outlet cone is removed and its individual components
thoroughly cleaned. The bottom of the cylinder, on which the
ocutlet cone rests, is also removed, to allow of cleaning

the cylinder. For this purpose the pistcn is pushed back as
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b

far as the inlet for the fluid under pressure; this is done
with the valve closed, unscrewing the drain plug of the
pressure~-fluid circuit, so that fluid can flow out without

any air entering behind the piston.

The air inlet and discharge pipes are rinsed out with
carbon tetrachloride. This particular solvent is recommended

for this purpose.

b) Assembly

The drain plug of the pressurized-fluid circuit is
carefully screwed home again. The bottom of the cylinder
is then pushed bovards the outlet cone and the fusible plug
refitted. The outlet cone is replaced and fastened; it
surrounds the fusible plug and bears on it once it is
screwcd right home. The resistance heating the cone is
then connected up and the two pyrometers replaced in

positicn.
¢) Filling

The air inlet valve is opened first, followed by the
filling valve. The inlet valive for the fluid under pressure
is ciosed and the piston pushed right back to allow of
fiiling. The test fluid is then slowly poured in through
the funnel, until it begins tc flow cut through the air-
discharge pipe. After this the filling valve is closed,
followed by the air-discharge valve. The apparatus is now
ready for use. The cyliinder has a capacity of approximately
25C cc; allowing for the contents of the piping, the

quantity required for the test samples is about 350 cc.

TEST FROCEDURE

The inlet valve for the fluid under pressure is
opened, care being taken to ensure that.
a) the fluid pressure is, in fact, 7 kg/sq.cm.,
b) the pressure regulatcr dces not allsw any of the test

fiuid toc pass.
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The electrical preheating device for the test cylinder
is now switched on, the heater being zdjusted to give a temperature
rise of roughly 3°C per minute. The neck heater is then switched
on and set accurately to the same heating rate. It is a good sign
if a small difference of temperature is observed between the neck
and the test fluid, since this ensures that the melting of the
plug is brought about by the fluid under test; a lag of some 20°C

in the pre-heating temperature of the neck is sufficient.

Once the temperature of the fluid under test has reachad
120°C, the rate of heating must be reduced to 2°C per minute, to
ensure a continucus temperature equilibrium of the whole apparatus.
Above 140 to 1L5°C the entire apparatus must be observed more
closely, so that the temperature at which the fluid under test

tegins tc flow out can be recorded.

The jet of fluid must not ignite on contact with the air
if the lubricant is to be considered as non-~flammable. In the case
of mineral cils, ignition will take place at a distance of 0.20
to C.30 m from the tip of the cutlet cone. The ignition is best
observed against a black backgrcund, so that any possible effects
of the producticn of static electricity as the fluid passes

through the outlet cones can be recorded.

As scon as the plug has melted, the current for the

electrical pre-heating apparatus is switched off.

Autc~ignition is not absolutely certain to occur
(90 % of cases with mineral oil); it is therefore necessary

tc repeat the test five times.

6. REMARKS

a) Measurement of static electricity prcduced

If callied for, a voltmeter can be connected between
the pin supporting the inner cone and the ring of the neck.
The terminals are alieady fitted: the voltmeter must be

graduated up to 1C kilcvolts.
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b) Fusible alloys

It is possible to use alloys with higher melting-
points than that described under 2a; the latter is in fact
the alloy used for the manufacture of fusible plugs for

hydraulic couplings.

The following tabie indicates the composition of

several simple zlloys with melting points between 140 and

183°C.
Melting temperature | lloy Composition

| Tin Lead | Bismuth | Zinc

| WO |
140/142° ) - 3 b-

}
1h4e 3 1 , - i -

|

151° 1 1 | - -
168° 9 2 I
183° 1 P2 | - b

J2/67 &
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DETZRMINATION OF FLOY TEMPERATURE

(Based on French Standard NF T 60 - 122 - June 1956*)

1. INTRODUCTORY REMARKS

*'ith the apparatus used, the flow temperature can be
determined from a very thin layer of the substance; this pre-~
caution i1s necessary because of the poor conductivity of
solidified substances; the test is carried out in a heating
bath of accurately-known temperature and under thermal condi-
tions which allow for the structural changes occurring as a
result of variable cooling and avoid any irregularities which
might result from these changes. Variations of temperature
between successive testg should, as a general rule, not exceed

a few tenths of loC.

Particular attention is drawn to the fact that tests to

determine viscosity at low temperatures on the one hand, ard

tests to determine flow temperature on the other, are essential-

ly different tests. In each case a special test is used, and
the measurement results are valid only for the type of test in

which they were obtained.
2. PRINCIPLE

The flow temperature is that temperature at which the
fluid, after having been throughly and ranidly frozen by
sultable treatment and then gradually warmed up again, loses
its solidity in such a way that it releases a movable element,
which is maintained under constant pressure, this movable
element having been frozen into the fluid at the moment of

freezing.
3. APPARATUS

Tre apparatus illustrated in the accompanying diagram
censists of a ring-shaned contairer (A) (which represents the
movable element) for the fluid to be examined. The dimensions
of this containey are: Internal diameter between inner walls
15 mm; internal diameter between outer walls 21 mnm; radial
distance between the two walls 3 mm, wall thickress O.4 mm,

depth 11 mm,

*) Fublished by the Association Frangaise de Normalisation
(AFNOR) , Paris
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and thickness of the bottom 1.5 mm. This container is fastened
to a hollow metal tube (C) by mzans of a disc pierced at (R) -
the tube tavering to a smooth point (D). The vertical metal
tube can be inserted in a brass tube serving as a sleeve (E);
tne brass tube has an internal diameter of 15 mm, an external
diameter of 16 mm, and is 234 mm long; at its lower end is a
cylindrical element (F) 17 mm in internal diameter, 18 mm in
external diameter and 31.5 mm high; this slides into the ring-
shaped container (A). The cylinder (F) is pierced by two crifices
which are diametrically opposed; they are 12 mm high and 5 mm
wide; the bottom of each orifice lies 13.5 mm above the bottom
of the cylinder. Tube (C) is set centrally and is maintained
in this nosition with a vlay of 0.1 mm in the lower part of
the sleceve (E) by means of a ring (H) and in the upper part

by the locking head (I). To reduce the conductivity of the
metal and to avoid the formation of rime, sleeve (E) is pro-
vided with six pairs of 10 mm holes, as shown in the diagram;
tube (C) is also nerforated, by 17 pairs of holes, each 2,5 mm
in diameter. The middle of the perforated part of tube (C) bears
on the too of locking head (I). This makes it possible to
insert a pin {J) in whichever hole in tube (C) has its edge
level with the top of the locking head (I), and thereby lock
the movable part in the sleeve; a fixed arm (M) with a locking
screw at onc end holds sleeve (E} firmly in its vertical posi-
tion, tut is not connected to tube (C) nor to container (A).
The welght of the movable element is calibrated at exactly

20 g; this movable element moves downwards if not retained.

At the beginning of the test there is rigid connection between
container (A) which is filled with solidified fluid and element
(F); this element (F) was immersed in the fluid before the
latter was frozen. As soon as the melting process begins, the
movable element siides downwards until it reaches its end
position, whkich is fixed by pin (J); this pin had been drawn
back to its original nosition aftcr the solidification process

and inscrtcd in the top hole of tube (C).
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The whole apparatus is now immersed in a double-walled

vescel containing 0.13 litres of acetone. A pentane thermometer

indicates the temperature of this bath. The upper end of (C)

can be brought into contact with the rapid-acting feeler (L),

which closes an electric circuit as soon as tube (C) begins

to move downwards, thus making it possible to operate an

acoustic signal.

TEST PROCEDURE

a)

b)

c)

a)

The fluid under test is maintained for 15 minutes in a water

bath at 50°C.

Ths test fluid, still warm. is then filled into the ring-
shaped container (A) of the apparatus; tube (C) is immediate-
ly inserted in sleeve (E), 2 process which is facilitated

by the smooth tip of (C); the lower end of the sleeve is now
placed in the ring-shaned container until it touches the
bottom. Any fluid which has spilled over from the ring-
shaped container must be dried off. The movable element

is arrested by placing the pin (J) in the hole in tube (C)
which lies immediately above locking head (I). All these

operations must be carried out quickly.

The fluid must now be frozen solid; this is done by gradual-
1y (but without stopping) immersing the lower part of the
apparatus in an acetone bath containing a slight excess of
carben dioxide snow. This low degree of saturation with
solid carbon dioxide must be maintained for 5 minutes.
Morecover, care must be taken to ensure that the vessel con-
taining the cooled acetone remains filled up to the indica-

tor mark (corresponding to approximately 130 ml).

Vithout removing the ring-shaped container from the bath,
the apparatus is now fixed in its stand. The thermometer
must be inserted in such a way that its bulb lies at the
level of the ring-shaned container. Pin (J) must then be
removed and placed in the top hole of tube (C). The

tcmperaturce of the bath is now allowed to rise rapidly.

It is not necessary to stir the acetone bath, since the
rising bubbles of carkteoa dioxide ensure homogeneous

tcemperature distribution at all tinmes.
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e) At a given moment the ring-shaped container starts to
move under its own weight and thus leaves the stationary
sleeve: immedietely this movement begins 2n electric
circuit is closed and an acoustic signal given.The
downward movement of the container is checked by the
pin (J), on the latter's touching the top of the
locking head (I) of the sleeve.

EVALUATION CF TEST RESULTS AND THE TEST REXORT

The temperature at which the ring-shaped container
freed itseif from the sleeve 1s taken to be the normal flow

temperature.

If the flow temperature is below - 4(G°C, the test
fluid is left in the saturated solution of carbon dioxide

snow for 60 minutes, instead of five.

The test ccnditions must be indicated for each case,

as also ali incidents which might affect the results.

SPECIAL CASE COF SUBSTANCES WITH FLOW TEMPERATURES ABOVE 0°C

If the flow temperature of the test material is
above C°C, the acetone bath will warm up only slowly from
this temperature. To counteract this, and also to pernmit
the determination of flow temperatures above rocm temperature,
a heating plate is inserted between the base of the apparatus
and the outer vessel. A resistance is used to regulate the
intensity of the current in the heating coil under the plate
in such a way that the temperature in the acetone bath

rises evenly at approximately 0.8°C per minute.

The procedure is similar to the method of operation
indicated above. However, as soon as the temperature in the
acetone bath has reached 0°C, the current in the heating
vlate should be switched on; the test is then continued
and, as stated abcve, the temperature recorded at which
the rirg-shaped ccntainer frees itself completely under the

action of its own weight from the sieeve.
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DETERMINATION OF KINEMATIC VISCOSITY

1. PRINCIPLE

A tube, calibrated and marked with two measuring marks,
igs filled with the test fluid. A calibrated sphere is then in-
troduced into the tube and the falling time of the tube between
the two measurement marks is recorded. The falling time so
recorded can then be used to derive the viscosity by means of

the following simple calculation:

= Absolute viscosity of the fluid in centipoicses

L
i

v; ¢ = Kinematic viscosity of the fiuid in centistokes,
K = Czlibration for the measurement unit

"calibrated tube/drop-sphere employed"

T = Falling time measured in seconds,
D = Density of the sphere at measurement temperature,
d = Density of the test fluid at measurement temperature,
This gives us the formula::; a =T x (D - d) x K
me =na D - d
i T x T x K

2. DENSITY

The densities inserted in this calculaticn are the
densities at the temperature of measurement; they are normally
indicated for + 15°C, in comparison to water at + 4°C. The
required corrections can be apnlied only for homogeneous fluids,
and this applies oanly in certain special cases with non~flammable
fluids. For these fluids direct determination of the density

is necessary.
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Conversion of the density:

¢ = Correction coefficient for density for a deviation
of 1°C
dO = Density at + 15°C

e = Difference between measurement temperature and + 15°C in

degrees Centigrade.

This gives us: 4 = do tcxe

The correction is positive if the measurement temperature

lies below + 15°C and negative if it lies above this value.

3. APPARATUS

O e

The measurements can be carried out with two types of

apparztus based on the szme principle, but of different constructions:

aa) The HSppler viscosimeter, Type BH, with which measurement is
cerried out in a tube inclined at an angle of 20° to the

vertical;

bb) The I F C viscosimeter, with which the measurement is carried

out in a tube inclined at 3¢° to the vertical.

Since the number of measurement operaticns possible
depends on the number of spheres provided in the individual types
of apparatus, the possible measurement ranges are given in the

following table:

— A —— ¢ s o . Al v

8,00C to 00,000 csSt

Spheres ? HSppler, Type B H j IFC
; 0,3 to 3 cSt f 1 to 50 cSt
3 to 3C cSt | 50 to 2,500 cSt
3 .25 to 250 cSt | 2,500 to 25,500 St
l . 250  to 2,50C cSt |
5 ; 2,500 to 25,000 ¢S5t ’
!

t T et W B - A . A—— - i are PR—

e
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Steel spheres are used in the I F C apparatus, while in the

Hoppler apparatus Tyvpe B H they are made of either steel or glass.
b) Thermcstats

The accuracy of the measurements depends on the accuracy
and the constancy of the test temperature. It is virtually essential
to operate with a thermostat, whose temperature must be maintained
constant.
aa) with an accuracy of + 0,05°C at measurement temperatures below
+ 20°C;
bb) with an accuracy of + 0,10°C at measurement temperatures above

+ 20°C.

For a measurement range frbm - 20°C up to + 100°C it is
recormended to use two different bath fluids according to the measurement
temperature required,

-~ purified kerosene (or aviation spirit) for temperatures below + 20°C;

- pure glycerine or white vaseline oil for temperatures above + 20°C.

c) Description of the apparatus and me*hod of use

The Hoppler aprnaratus Type BH and the I F C apparatus are
diagrammatically illustrated in the accompanying sketches. Detailed
descriptions are given in the instructions for use issued by the
manufacturers, in the French Standard (AFNOR - T 42-011) and in the
corresponding German Standard (DIN 53015).

4, MEACUREMENT PRCCEDURE

The fluid is poured into the calibrated tube; the sphere is also
inserted and the apparatus closed again, once any bubbles which may
have formed during filling have been removed. The fluid is brought up
to test temperature; and six successive measurements are carried out.
The time T quoted in the formula given above is the arithmetic mean of
the times recordsd during these six measurements. These times should lie

between 25 and 500 seconds.

This condition requires the use of various spheres for the sane
fluid, and in particular for measurements at temperatures below + 50°C.
The tube must be emptied each time a sphere is changed (4C cc. with the
Hoppler BH apparatus and 30 ml with the I F C apparatus); in this special

case it 1s not necessary to clean the interior of the calibrated tube.
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5. NCTES

a)

b)

c)

Cconstants K

The constants K are independant of the test temperature.
hey are determined for a given calibrated tube and a precisely-
defined inclination of the tube (30° for the I F C apparatus and 20°
fdr the Héppler PH apparatus). When a calibrated tube or any of
the spheres are changed, or when measurements are undertaken at an
angle other than 30° (using the I ¥ C apparcius) these constants must be

determined anew, using a calibrated fluid.

These constants must be irdicated in the test report

for each individual apparatus.

Thixotropic fluids

In the case of thixotropic fluids the measured falling
times will become shorter, from the first measurement onwards, until
they reach a coastant minimum value at the end of the measurement.
The figure to be accepted is the minimum time at which the gel
disappears. The difference between the first falling time and the
minimum time is an index of the thixotropy of the test fluid. For
group B substances, at least 5 successive measurements must be

carried out, each value being given separately.

Cleaning the calibrated tube and the spheres

The tube is cleaned with solvents and flushed out with pure
ether. In the case of aqueous solutions, cleaning must be carried
out by means of a hot solution of soda containing 5 % concentrated

anmonia to remove any grease, and then flushed with distilled water.

The spheres are to be cleaned with solvents and with ether,

and handled with clean tongs to avoid contact with the fingers.
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DETERMINATION OF VAPOUR PRESSURE

1. PRINCIFLE

The vapour pressure of fluids used for hydraulic couplings
requires to be determined under given conditions at temperatures
ranging from room temperature to maximum temperature of utilisation.
The highest testing temperature is + 200°C, for fluids not containing
water (less than 1 ¥ water). The values for vapour pressure are

expressed in kg/cma.

2. APPARATUS

a) A bomb which can be dismantlegd,
b) a mercury pressure gauge,
c¢) a thermostat-controlled bath,

d) a thermo-couple.

a) Dismantleable bomb

The bomb used is derived from the Reid bomb, but
constructed in such a way that it can be cleaned easily.
It consists of two connecting chambers with the following

dimensions:

aa) Chamber for test fluid
- internal diameter 5S4 mm.

- height of the inner cylindrical portion 60 mm;

bb) Air chamber
- internal diameter 54 mm

- height of the inner cylindrical portion 250 mm
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The two chambers are connected by an intermediate piece
with a lateral orifice serving as a veat during filling, and as
a leval indicator for the test fluid. Above the air chamber is the
connecting tube to which the mercury is attached. The thermocouple
is also attached to this tube; the point at which the thermocouple
is introduced is sealed off. To make it possible to isolate the bomb,
a tight cock is fitted around the connection between the bomb and

the mercury gauge.

The volumetric ratio between the air chahber and the

fluid chamber is very nearly . The diagram shows the bomb assembly.

b) Mercury pressure gauge

This pressure gauge corresponds to the accompanying sketch.
At the lower end is a tight sealing-off cock by means of which the
level of the mercury can be adjusted to the zero point of the gauge.
The mercury gauge is connected to the air chamber by a reinforced
rubber tube which is not subject to chemical attack, and has an
internal diameter of roughly 3 mm. The gauge is provided with a

millimetre scale.

¢) Thermostat-controlled bath

The thermostat-~controlled bath must be big enough to allow
of the completely-assembled bomb being immersed in it sufficiently
deeply for the upper part of the air chamber to be at least 30 mm
below the level of the fluid bath.

It is preferable to use o0il as the bath fluid, to enable

a temperature of 200°C to be reached.

The heating appartus must be such that a stable temperature

can be maintained fer each stage of measurement.

d) Temperature-measuring device
- Bath
The temperature of the bath in the thermostat should be measured

by means of a thermometer with a centigrade scale.
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- Test fluid

The temperature-measuring device should preferably be a
thermo-couple housed in a cylindrical sleeve with a maximum

external diameter of 8 mm.

e) Safety precautions

Each new bomb must be tested for water- and air-tightness,
by being subjected to an air pressure of 7 kg/cmz. No air should

escape from the bomb when it is vnder water.

3. TEST METHOD

a) Preparation of the test

The individual components of the bomb should be thoroughly

cleaned, rinsed and dried and then maintained at a temperature of 25°C.

The quantity of fluid required (approximatdy 160 ml) for the

test must be kept for at least one hour at a temperature of 25° + 1°C.

b) Filling the fluid chamber

This chamber is to be filled before it is assembled with
the other components. The piece connecting it with the air chamber
ie then ettached; during this operation, it is essential not to
forget to remove the screw which closes the air vent. The lower
chamber should then be further filled until the fluid reaches the
level of the air vent. At this moment the air vent should be closed
by means of the screw provided for the purpose; the air chamber
is thea set in place and the upper orifice closed. The cock at the
pressure-measuring point is meanwhile left open, to avoid the occurrence

of any ¢xcess pressure in the bomb.

The thermo-couple is then attached; the measuring head
must lie 30 mm from the bottom of the lower chamber, in the middle
of the test fluid.

700/2/63 e



- 48 - ' Annex VI

¢) Test procedure

The bomb is placed in the thermostat which is maintained
at a temperature of 25° + 1°C and the mercury gauge connected. o
When the cock at the pressure-measuring point is open, the mercury 'E
gauge must indicate precisely zero. Heating is carried out in stages
of 25°C; measurements are taken at SO, 75, 100, 125, 175 and 200°C.
The rate of heating is adjusted so that the temperature rises 1°C
per minute within each step of 25° C. In each heating stage the thermostat
must be capable of keeping the temperature constant within + 1°C ’
for at least + 5 minutes; the pressure should be read at the
beginning of this period of 5 minutes and at the end by means of

the mercury gauge.
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Annex VII

DETERMINATION OF pH VALUE

l. FIZLD OF APPLICATION

The method serves to determine the degree of acidity

or alkalinity of water-containing fluids employed in hydraulic

systems.

2. PRINCIPLE

The pH value is obtained by means of an electrometric
determination of the potential difference between two electrodes
plunged into the test fluid. Glass and calomel electrodes are used.

The measuremeat is carried out at 13°C.

3. APPARATUS AND REAGENTS

a) pH-meter
b) Glass electrode (measurement electrode, alkali~-resistant)
c) faturated calomel electrode (refereunce electrode)

d) Buffer solution

I. Buffer solution pH = 7
1. 1.1876 ¢ Na2 HPO,+ + AHZO in 100 ml. dist. Hao
2. 2.1008 g CglgOn  + H,O0 (Citric acid) in
20 ml. 1 n - NaCH + 80 ml. dist. HZO

Mixture: 32.94 ml. solution® + 7.06 ml solution‘

II, Buffer solution pH = 10

1. 1.91 g Na,B, 0, + 10 H,0 (borax) in 100 ml.
[

dist.Hao

7

2. 0.1 n - NaCH

1
Mixture: 59.5 ml. solution  + 40.5 ml.solutionz.
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PRETPARATION

The two electrodes are connected to the measuring device
and inserted successively in buffer solutions I and ITI which have
been brought up to 16°C. The actual readings given by the apparatus
are compared with the theoretical values. If the theoretical
values (pH 7 and pH 10) are not those indicated by the apparatus,
the zctuzl readings are adjusted in accordance with the instructions

for use of the apparatus.

TEST PROCEDURE

The test fluid is warmed up to 18°C in a glass beaker.
The electrodes (washed clean with distilled water) are then inserted

and the pH value read off on the pH-meter.

PRESENTATION OF RESULTS

The results are given to the nearest 0.1 pH unit.
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DETERMINATION OF SHEAR STRENGTH

FIELD CF APPLICATICHN

The method serves to determine the mechanical shear
strength of fluids used in hydraulic systems. It may be applied
to all trypes of hydraulic fluid. The only exception is group A

fluids with & viscosity of less than 10 centistokes at 20°C.
DPRINCIPLE

A given volume of fluid is put through an injector a given
number of times. The following characteristics are recorded before
and after the test, to establish any variations: viscosity, flow
temperature, pH (neutralisation value for group D fluids), moisture

content.

APPARATUS AND SOLVENTS

3.1. The apparatus conforms to the accompanying diagram. The injector
. is a Bosch-type KD 45 SA/53/1, with a DN C SD 211-type spray
nozzle. This nozzle must be set at 100 kg/sq.cm.

3.2. Glass containers (3 and 3a) with non-tight lids.

3.3. Three-way tap and tubing to connect container 3a with the

injector pump.
3.4, Stop watch
3.5, 400-ml Beaker

4,6, Solvents to clean the glass units: crystallisable benzene
or petroleum-bvased petrol for group B fluids, water for
groups A and C fluids, trichlorethylene or monochlorobenzene
for group D fluids, and pure ethyl alcohol for drying after

washing with water.

700/2/63 e



Annex VIIT

L. PREPARATIONS FOR THE TEST

L.1.

250 ml of the fluid to be tested are poured into container

2, the three-wayr cock being in position 6.

Screw 13 is unscrewed to allow the air to escape from pump 1ibh;

as soon as the fluid starts to flow steadily, screw 13 is

tightened.

PROCEDURE

Sk,

NOTE

Start the motor

Start the stop-watch as soon as the fluid begins to flow

through check tube Z.

Ensure that pressure in the return circuit is in fact
between 100 and 110 kg/sq.cm, using pressure gauge 11,

by turning tap 1l2. This tap must be shut after the check.

After 30 minutes' running time - corresponding to at least
50 cycles, stop the motor. Turn the 3-way tap cock to
position 5 and collect the fluid into a clean pyrex beaker
(normally the temperature of the fluid at this stage is
above 55°C). Empty the circuit by re-starting the motor

for a few moments until the flow from tube 2 has stopped.

There should not be much flow from tube &; an appreciable

return of fiuid via tube 8 may occur when testing viscous liquids

(viscosity 120 centistokes at + 5C°C).
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6. CLEANING

6.1. Cleaning the circuit: Since even partial dismantling of
the assembly is out of the question, cleaning is carried
out before each test by circulating 100 to 150 ml of the
test fluid for 10 minutes. If the subsequent tests relate
to fluids of the same group, one single run is enough. If
they deal with a fluid of a different group from that of
the last fluid tested, it will be necessary to flush at least

twice. The flushing fluid must be removed each time.

6.2. Cleaning and glassware and the tubing. This is done with
solvents and products appropriate to the fluids tested

(see paragraph 3.f.)

7. PRESENTATION OF RESULTS

7.1. The following tests must be made on the fluid collected

after the shear test:

viscosity: at - 20, + 0, + 20, + 50 for groups C and D,
at + 20 and + 50 for groups A and B

flow temperature for all groups.

pH~value: for groups A and C, and neutralisation value

for groups B and D.

moisture content for groups A, B and C.

7.2. The results of these tests are compared with those obtained

from the same tests on fluids before the shear test.
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DETERMINATICN OF ANTI-CORROSION ACTION

FIELD OF APPLICATION

The method is empioyed to determine the anti-corrosion action

of fluids used in hydraulic systems. The method can be applied to

all groups of hydraulic fluid.

2. PRINCIPLE

Samples of sheets of various materials are immersed in the

test fluid for a fixed period of time. Changes in the surface

of the material and changes in the colour of the test solution

are determined in relation to tire.

2. APPATATUS AND REAGENTS

/
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a)
b)
c)

a)

e)

£)
g)
h)

i)

Glass beakers, 500 ml. capacity (tall type)
Watch-glasses, to cover the beakers

Glass hooks, from which the sample sheets can be freely

susp2nded in the beaker;

thermostatically-controlled and adjustable heating bath which
maintains the test fluid in the beaker at a temperature of

35° + 1°C. The heating bath must be provided with a stirring
device ensuring uniform temperature distribution throughout

the bath; a drying cupboard with similar temperature regulation

can be substituted for the thermostatically-controlled bath.
Emery paner . O;

Cottou wool;

Normal petrol, boiling range 65 to $5°C;

pure benzene;

Sample sheet 100 mm. x 20 mm x 1 mm thick, with a 4 mm diameter

hole at the upper edge of one narrow side, so that tha plate can

be hung on a glass hook.

[(]
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—

The following materials must be available for the test:

Steel, strength 50 to €0 kg/mmz,

Electrolytic copper,

Zinc, pure,

Aluminium, pure,

Cadmium-plated stcel (steel with a cadmium coating
at least 25 microns thick)

Brass (70/30)

NOTE:

The same tests can be applied to all other metals and

alloys used in the manufacture of underground equipment.

PREPARATION

The sampie sheets should be prepared with suitable emery
paper, until finally emery vaper Nc. O gives the best possible
surface finish. The sheets are then held in tweezers and cleaned
with dry cottcn wool, followed by cotton wool soalked in normal petrol.
The traces of cotton wool are washed off with normal petrol and then
with benzene. As soon as the last traces of solvent adhering to the
sanple sheets have evaporated, the sheets must be used for the corroson
test.

10 beakers should be filled for the entire test - each with
250 ml. of fluid. The glass beakers are then placed in the thermosta-
tically-controlled heating bath and the temperature of the heating
bath adjusted to give a coastant temperature of 35 + 0.2°C in the

test fluid.

6 of the bealers receive one each of the following sample sheets
- steel, coprer, zinc, aluminium, cadmium-plated steel and brass -
suspended in suzh a way that approx. 60 ma of the cample shest is
immersed in the test fiuid. To test the behaviour of pairs of
substances, sheets c¢cf the following metals are immersed in the remalning

four beakers:
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Steel - Cadmium-plated steel,
Copper - Zinc,
Alupinium - Zinc and

Steel - Aluminium.

The two sample sheets should hang approximately 1 mm apart.

In every cace, the kealiers must be covered with watch-glasses

to reduce evaporation.

PROCEDURE

Care must be taken during the test to maintain the temperature
in the heating bath constant. The sample sheets should te withdrawn
and examined every 7 days. The complete test must run for a minimum
of 28 days.

ASSESSMENT

Changes in the surface of the test substances must be
described, with respect to any oxidation colour, surface losses and
deposits. In addition, the colour and appearance of the test solution
at each separate examination of the sample sheet must be recorded,

as well as deposits in the fluid.
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DETERMINATION OF TEFE RESISTANCE TO AGEING
OF FLUIDS CONTAINING NO WATER

This method uses the apparatus and the ageing conditions
described in the standard method ASTM D 943-54,

The method used to study the aged sample has been mecdified

to cover the field of application of fluids containing no water.

FIELD CF APPLICATION

This method serves to determine the characteristics of
resistance to ageing of non-Ilammable fiuids containing no water,
used in hydraulic systems.

PRINCIPLE

The sample is subjected to a temperature of 95°C, in the
presence of water and oxygen, with iron and copper present to act

as catalysts.

APPARATUS AND CHEMICALS

a) Oxidizing cell (fig. 1).

b) A thermostatically-controlled and adjustable heating bath which
maintains the sample in the oxidizing cell at a temperature of
95 + 0.2°C, provided with a suitable stirring device to ensure
that the bath temperature is uniform. The dimensions of the bath
must he such that the required number of oxidizing cells can be
completely surrounded by the fluid in the bath to a height of
350 mm.

¢) Flow-meter with a minimum capacity of 3 litres/hour and an accuracy

of + 0,1 litres/h.
d) A device for winding the catalysing ccils (fig.2).

e) Thermometer graduated from 75 to 125°C.
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£) A catalyst consisting of low-alloy steel, No. 16; made by Washburn
and Moen (low-alloy steel wire, material type A, specification
LASTM A 129, 1st part, ASTM Standards 1955, for open steel electric
heating-plates of ordinary quality), the wire being 1.59 mm in dia—
meter, together with a wire of electrolytic copper, No. 14, made by

the American Wire Company, the wire being 1.625 mm in dizmeter.

g) Hydrobﬁloric acid, concentrated industrial grade ( ¥ = 1.18).
h) Hydrofluoric acid, concentrated industrial grade (approx. 50 %).
i) Ordinary petrol, boiling range 65 to 95° C.

i) Nitric acid, concentrate@ industrial grade ( # = 1.42).

k) Oxysen in a container with a pressure regulator. It is advisible

to use an oxygen bottle with a two-step regulator.

4, PRFEPARATION OF THE APPARATUS

a) Cleaning the catalyst

On the day fixed for the start of the test, 3 m of steel wire
and 3 m ol copper wire are cleaned with cotton wool scaked in normal
petrol; the surface of the wire is then finished smooth with emexry
paper No. 100 (00). Any traces of metal or emery are then wiped off
with dry cotton waste. In all subsequent operations, the wire should
Ve handled with cotton cloth or cotton gloves to avoid contact with

the operator's skin.

b) Preparation of the coils

The two wires are firmly joined at one end by making about six
turns, and then wound on a2 threaded spindle (fig. 2). The free ends
of the steel wire and copper wire are then also attached by six turns;
tlie cocils are remcved from the spindle and then reduced in lenght
until the top edge of the coils - when slid over the oxygen-inlet
pire - stends 12 mm below the boundary surface of the water, before

the latter has been poured in.
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This fixed lenght makes it possible to take samples period-
ically from inside the oxidizing cell for analyses purposes, without
raterially changing the ratio of the volumes to be examined with respect

to the active surface area of the catalyst.

Clcaning the oxidizing cell

The inlet tubes and reaction vessels are cleaned by rinsing
with acetone, tap water, chromo-sulphuric acid and again tap water,
until the latter contains no more acid. The objects are then twice
rinsed with small quantities of acetone and three times with distilled
water. Finally, the recction vessels is filled with distilled water,
the oxygen-inlet pipe is put in place, together with the cooling jacket
and the whole assembly is left in this condition for 24 hours before
beginning the test. Shortly before the test begins, the vessels are
emptied and dried, and the outer walls of the inlet pipe and the

cooling jacked dried with cotton waste.

Cleaning the vessels after use

After the reaction, vessels should be washed with normal
petrol and wiped with a long-handled brush. This cl2aning process
is repeated with acetone replacing the petrol, after which the
tubes are filled with oxidizing mixture composed of three parts of
HC1 and one part of HNO3 which is left in the apparatus for at least
24 hours at room temperature. The apparatus is then rinsed with tap
water to remove all traces of acid and the organic reaction products
are removed by mecans of acetone. If a ringshaped mark remains in the

interior of the vessel, it shcould be rinsed with a mixture of equal

parts of hydrofluoric acid and hydrochloric acid.

This mixture of acids should be left in the vessel until the
ring-shaped mark disappears or dissolves, and the acid is then rinsed
away with large quantitices of tap water. The final cleaning is then

carried out as in paragraph c).
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5. ANALYSIS PROCEDURE

a)

b)

c)

d)

e)

The bath is heated to a temperature sufficiently high to ensure
that the test fluid, contained in the required number of reaction

vessels, reaches the prescribed temperature of 95° + 0.2°C.

The catalyzing coils are then slid over the inlet orifice of the
oxygen~inlet pipe, and coil and pipe are centred. A quantity

of 300 ml. of test fluid is poured on to the coils until they

are completely wetted. The reaction vessel is then immersed in

the heating bath in such a way that the fluid in the bath stands

at least 75 mm above the surface of the test fluid. The cooling
jacket is then pushed on the inlet pipe and connected to the cooling
water supply (the temperature of the cooling water must not exceed
35°C during the test).

The oxygen-inlet pipe is connected to the oxygen bottle via the
flowmeter, the quantity of gas being adjusted to 3 + 0.5 litres/hour,
and the flow of gas is allowed to continue for 30 minutes before
pouring 50 ml. of distilled water into the oxidizing cell. The

time when this is done is recorded.

It is necessary to adjust the volume of oxygen at least

twice a day to comply with the prescribed tolerances.

At least three hours before the beginning of the test the
temperature of the mixture in the reaction vessel must be checked
every hour until the temperature measured on two successive
occasions is constant at 95 + 0.2°C. Thereafter it is necessary
to check once a day that the bath temperature remains constant

over the entire test period.

By constantly topping-up with distilled water the level of fluid

in the oxidizing cell is maintained constant.

In certain conditions, because of deposits or the formation
of emulsions, the fluid cannot easily be inspected. For this reason
it is necessary to mark the fluid level before the test begins. If
this level is maintained by periodic topping-up, the volume of water

in the cell remains constant. If test samples are removed from
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the cell, the total reduced volume obtained in this way is marked

and the volume of water maintained exactly to this mark.

6. ANALYTICAL DSTERMINATION OF THE AGEIKG PROCESS

a)

b)

c)

d)

e)

During the ageing process, a sample is taken roughly every 8 days
from the centre of the fluid in the reaction vessel - the quantity

being about 10 ml. for analysis, after stopping the oxygen supply.

The 10 ml. sample is devided into two parts, one (approx. 5 g.)
being used to determine the neutralization value, the other to
determine the presence of substances (particles of sludge)

insoluble in benzene.

Determination of the neutralization value

- An G b A i e o= e S G e A e e S WA S e e e N e e A e

This determination is carried out by the normal commercial

method using alkali blue as a colour indicator.
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39 benzene

Some 5 g. of the sample are dissolved in a flask in 10 times
this quantity of pure benzene. This solution is filtered under
slight suction on a membrane filter which has previously been
weighed (type: average pore diameter O.4 microns, filter diameter
40 mm). Care must be taken to ensure that the filter is not
subjected to dry suction because this blocks the pores. The
filter is then washed with pure benzene until the filtrate is
completely clear. After it has been allowed to stand for an hour,
the benzene is completely evaporated from the filter. The membrane
filter is then nlaced to dry for half-an-hour in a desiccator and
weighed. It is advisable to carry out a blank filtering test with
pure benzene, since the filter itself may undergo a weight loss

of 1 to 2 mg. when treated with benzene.

The duration of the test must not exceed 600 hours of egeing. Once
the ageing is finished, other tests of very different kinds can be

carried out if this is desired.
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DETEEMINATION OF THE RESISTANCE TO AGEING
OF WATER-CONTAINING FLUIDS

- v s -

REMARKS

The method uses the apparatus and applies the ageing
conditions laid down by method ASTM D G43-54. The apparatus, the
determination of ageing and the examinaticn of the aged samples

have been modified to suit the apnlication to water-containing fluids.

RANGE OF APFLICATION

This method serves to determine the characteristics of
resistance to ageing of water-containing fluids used in hydraulic

systems.

PRINCIPLE

The test fluid is subjected to a temperature of 95°C, in
the presence of oxygen and after the addition of iron and copper as

catalystis.

APPARTUS AND REAGENTS

e i

a) Oxydizing cell (fig. 1).

The cooling jaclket of the oxydiziag cell differs from that described
in Arnex X (A) in that its envelope is not 100 mm, but 200 mm loag

(fig. 1).

b) A thermostatically-controlled and adjustable heating bath which
maintains the fluid in the oxydizing cell at a temperature oi
75 + C.2°C, provided with a stirring device to ensure that the
temperature of the bath is uniform throughout. (The dimensions of
tke bath must be such that the required number of cxydizing cells
can bte comnletely surroundad by the fluid in the bath to a height

of 35C mm.

¢) Flow-meter with minimum capacity of % littes/aour and an accuracy

of + 0.1 litres/h.

d) A device for winding the catalyzing coils (fig. 2).
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e) Thermometer graduated from 75 to 125°C.

f) A catalyst consisting of a low-alloy steel wire, No. 16, made
by Washburn and Moen (low-alloy steel wire, material type A,
specification ASTM A 129, 1lst part, ASTM Standards 1955, for
open steel electric heating-plates of ordinary quality), the wire
being 1.59 mm in diameter, together with a wire of electrolytic
copper, No. 14, made by the American Wire Company, the wire being

1.625 mm in diameter.

g) Hydrochloric acid, concentrated industrial grade ( = 1.18)

<

h) Hydrofluovric acid, concentrated industrial grade (approx. 50 %)
i) Ordinary petrol, boiling range 65° to 295°C.

j) Nitric acid, concentrated industrial grade ( 4 = 1.k2)

k) Oxygen in a container with a pressure regulator. It is advisable to use

an oxygen bottle with a two-step regulator.
PREPARATICN OF THE APPARATUS

a) Cleaning the catalyst

On the day fixed for the start of the test, 3 m cf steel wire and
2 nn of coprer wire are cleaned with cotton wool soaked in normal petrol;
the surface of the wire is then polished with emery paper No.100 (00).
Any traces of metal or emery are then wiped off with dry cotton waste.
In 211 subsequent cperaticns, the wire should be handled with cotton

cloth or cotton gioves to avoid contact with the operator's skin.

b) Preparation of the coils

The two wires are firmly joined at cne end by mazking six turns,
and then wound on a threaded spindle. The free ends of the steel
wire and copper wire are ther also attached by six turns; the coils
are removed from the spindle, and then reduced in length until ithe top
edge of the cocils - when slid over the oxvgen-inlei pipe - stards 13 mm
below the bourndary surface of the wcter, before ths latter has been

poured in.

20c/2/63 &



- 64 - Arnex X (B)

This fixcd length makes it possible to take samples periodically
from inside the oxidizing cell for analyses purposes, without materially
cliangsing the ratio of the volumes to be examined with respect to the

active surface area of the catalyst.

Cleaning the oxidizing cell

The inlet tubes and reaction vessels are cleaned by rinsing
with acetone, with tap water, chromo-sulphuric acid and again tap
water, until the latter contains no mcocre acid. The objects are then
twice rinsed with small guantities of acetone and three times with
dicstilled water. Finally, the reaction vessel is filled with distilled
vater, the oxygen inlet pipe is put in place, together with the cooling
jacket, and the whole assembly is left in this condition for 24 hours
before beginning the test. Shortly before the test begins, the vessels
are emptied and dried, and the outer walls of the inlet pipe and the

cooling jacket dried with cotton waste.

After use the reaction vessels should be washed with normal
petrol and wiped with a long-handled brush. This cleaning process
is repeated with acetone replacing the petrol, after which the tubes
are filled with oxidizing mixture composed of three parts of HCl and

one part of HNO, which is left in the apparatus for at lecast 24 hours

at roon temperaiure. The apparatus is then rinsed with tap water to
remove all traces of acid and the organic reaction products are removed
by means of acetone. If a ring-shaped mark remeins in the interior

of the vessel, it should be rinsed with a mixture of equal parts of
hydroflucric acid and hydrochloric acid. This mixture of acids should

be left in the vessel until the ring-shaped mark disappears or dissclves,

and the acid is then rinsed away with large gquantities of tap water.

The final cleaning is then carried out as in paragravh c).
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5. ANALYSIS PRCCEDURE

a) The btath is heated to a temperature sufficiently high to ensure that
the test fluid, contained in the rcquired number of reaction vessels,

reaches the prescribed temperature of 95° + 0.2° C.

b) The catalyzing coils are then slid over the inlet orifice of the
oxygen-inlet pipe and coil arec centred. A quantity of 360 ml. of
test fluid is poured on to the coils until they are completely wetted.
The reaction vessel is then immersed in the heating bath in such a way
that the fluid in the bath stands at least 75 mm above the surface of
the test fluid. The cooling jncket is then pushed on the inlet pip=
and connected to the cooling water supplv (the temperature of the

cooling water must not exceed *5° C. during the test).

¢) The oxygen-inlet pipe is ccnnccted to the oxygen bottle via the
fiow-meter, thce aquantity of gas being adjusted to 3 + 0.5 litres/hour,
and the flow of gas is aliowed to continue for 30 minutes. The time is
recorded. It is necessary to adjust the volume of oxygen at least

twice a day to comply with the prescribed tolerances.

d) At least three hours before the beginnineg of the test the temperature
of the mixture in the reaction vessel must be checked every hour until
the temperature measured on two successive occaslons is constant at
95° + 0.2° C. Thereafter it is necessary to check once a day that the

bath temperature remains counstant over the entire test periogd.

e) By constantly topping-up with distilled water the level of fluid in

the oxydizing cell is maintained in spite of evapor=ztion losses.

In certain conditions, because of depnsits or the formation of emulsions,
the fluid cannot easily be inspected. For this reason it is necessary

to mark the fluid level before the test begins. If test semples are
removed from thz cell, the total rcduced volume obtained in this way is
marked and the volume of water maintained exactly to this mark, if

necessary by adding fresh sample material.
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€. ANALYTICAL DETERMINATION OF THE AGEING PROCESS

2) During the ageing process, a sample is taken roughly every 2 days fron
the centre of the fluid in the reaction vessel the quantity being about

10 ml.for analysis, aftar stopping the oxygen supply.

b) The 10 ml. sample is divided into two parts, one part (approx. 5 g)
bcing uscd to determine the neutralization and pH values, the remainder
tc determine the insoluble substances (deposition of sludge). The determine-
ticn of thesc waste substances is restricted to group C fluids and cannot

be applied to emulsions.

¢) Determination of the noutralizotion value

If it is not possible to determine the neutralization value by
the normal commercial method using alkali blue as a colour indicator,
the valuc must be determined potentiometrically. In this case, either
the total acid number (TAN) or the total base number (TBN) must be
determined as laid down in method ASTM D 664-54,

The pH value is measurad by means of a compound alkaline-resistant

glass electrode.

d) Determination of the content of insoluble matter

Approximately 5 g. of the fluid are filtred under slight vacuum
using a previously-weighed membrane filter (type: average pore dizmeter
C,4 rmicrons, filter diametcr 40 nm). Care must be taken to ensore thot
the filter is not subjected to dry suction because this blocks the poris.
The filter ig then washed with distilled woter until the filtrate is
conpletely clear.

The membrane filter is then placed in a desiccator for one hour,
after which it is weighed. It is advisable to carry out a2 blank filter
test with distillcd water, and determine the variation in weight,

e) The duration of the test must be at least 200 hours of ageing. Once
the ageing is finished, other tests of very different kinds can be

carried out if this is desired.
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DETERMINATION OF THE RESISTANCE TO
SWELLING OF PACKINGS AND SEALS

1. APELICATION

This method is used to determine the behaviour of packing and
sealing materials in contact with fire-resistant fluids of groups A, B,
C and D at a test temperature of 70°C. Group D fluids should zalso “e tested
at 150°C.

2. PRINCIPLE

Sample pieces of the packing material are suspended in the test
fluid under clearly-definéd conditions. The volume and Shore hardness

are measured before and after the test.
3. APPARATUS

a) Glass beakers 250 ml. capacity (tall type)

b) Erlenmeyer flasks, 500 ml. capacity

¢) Bowl-condenser (jacket length 250 mm)

d) A thermcstatically-c ntrolled and adjustable tath for a
bath temperature of 7C° + 1°C or 15G°C. The dimensions of
the bath must be such that at least 2 beakers or Erlemmayer
flaskscan be surrounded to a depth of 70 mm by the bvath
fluid.

e) Balance

f) Shore-hardness apparatus A with scale divisions in steps
of 5 hardness units, from O to 100 (O being the lowest
hardness, and 100 the highest). The indentation body consists

of truncuated cone. The apparatus conform to the requirements
of ASTM D 675 - 55 T.

4. TEST PROCEDURE

Circular sample pieces of the packing mzateriel, 40 mm in dia.
and 6 mm thick, are cut out. Two samples for each material quality are

made for each test.
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The samples are cleaned with a rag dipped in anhydric alcohol.
The sample volume is determined by weighing them, first in atmosphere
and then under water. The samples are then dried and brought up to a

temperature of 200 + 2°C before tested for Shore hardness.

This test is made at three different points. The measuring

points must be >Z 5 mm apart and = 13> mm away from the sample edges.
The Shore-hardmess apparatus is brought down, with the indentation
point and the bearing surface surrounding it, until it bears closely
on the test piece. The hardness value is read off from the scale after

3 seconds contact.

For group D fire-resistant fluids, a sufficient quantity
of fluid is voured into the beaker to give a ratio of 1:15 between
the sample-piece volume and the fluid volume (5 gm of sample

require some 100 ml. of fluid).

For groups A, B znd ¢ fire-resistant fluids, the beaker is
replaced by an Erlenmeyer flask, as otherwise too much fluid
evaporates during the test period. Once the sample piece has been
placed in the fluid, a water-cooled bowl condemser is set over the

Erlenmeyer flask.

If required, the Erlenmsyer flask and the condenser can be

used instead of the glass beaker for group D fluids.

The beaker of Erlenmeyer is then kept for a consecutive
period of 168 hours (7 days) at a temperature of 70° + 1° C, or
150°C + 2°C. The sample pieces are then cleaned with anhylric alcohol
and dried between two filter papers. Five minutes drying the volume
and Shere-hardness of each sample must be determined, as described

above.
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5. REPORTING THE TEST RESULTS

The proportional increase in volume - which is talkea as the

swelling index - can be arrived at by the following formula:

v="2""1 x100
Vl
in which
V = promortional increase in volume of the sample
Vl = volume of the sample before immersion,
V2 = volume of the sample after immerSion.

If the different values deviate by more than 1 % (in absolute

figures) from the average value, the test should be repeated.

The measurements of values obtained for the Shore hardness
must be expressed in integral hardness unites. The change in Shore hardness

is calculated by the following formula:

H = hl - H2

in which:
H = difference between Shore hardness before and
after immersion;
Hl = Shore hardness before immersion;
H = Shore hardness after immersion.

2

The different values must not deviate by more than 2 Shore

hardness units from the average value.
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DETZRMINATION OF PRCTECTION AGAINST WEAR

l. APPLICATION

This method is used to determine the capacity of a fluid to
give protection against wear by comparing it with the protection against

wear given by a standard fluid defined as in 7 4d).

Under the term '"protection against wear" of a fluid we are
to understand the capacity of the fluid to maintain the elements of
a machine in good running order, without losses of power or abnormal
wear attributable to friction; the loadbearing capacity of the film

of £y 4 is an index of the protection against wear.

2. PRINCIPLE

A sample of fluid is subjected to a series of tests of a
fixed duration, in the four-ball apparatus, under loads increasing to
seizure point. The protection against wear properties is expressed by

two figures:

a) average Hertz load, or corrected average load

b) seizure load

3. APPARATUS

a) Four-ball apparatus (Royal Dutch-Shell model) calibrated in accordance
with the instructions published by Shell Refining and Marketing Co.Ltd.
(London).

b) Binocular magnifier for measuring the test indentations on the samples,
with a minimum magnification of 15 x - 20 x, and with micrometer
adjustment. The micrometer adjustment is calibrated by means of a
suitably set micrometer scale. It is particularly recommended to
use a special object-slide having a hemispherical scale 13 mm in
diameter.

c) Sample pieces - These consist of 12.7 mm dia. steel ball-bearings
S.K.F. No.l quality.

d) Stopwatch with 0.1l sec. scale division.
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4, CLEANING AGENTS

a) The sclvents used to clean the sample pieces must not exhibit
any special high-pressure behaviour, a provision which eliminates
such substances as éarbon tetrachloride. Use should be made
either of a completely evaporating petroleum distillate (e.g.

petroleum ether or heptane) or else crystallisable benzene (0636).

b) The solvents for the ball race, the double-core centring device
and the rotating lining vary according to the type of fluid
under test. For these solvents there are no restriction as to any

possihle high-pressure characteristics.

With petroleum oils, use should be made of either a light
petroleum distillate (e.g. petroleum ether or heptane) or
crystallisable benzene.

With A dnd B group emulsions, crystallisable benzene or petrcl
should be used first, followed by ethyl, pure ethyl or methyl
alcohol.

With group C substances careful rinsing with water is followed

by the use of pure ethyl or methyl alcohol (minimum 95 %).

With group D substances, the best solvent must be sought,
especially among such substances as monochlorobenzene, trichlor-
ethylene, carbon disulphide, ethyl or methyl alcohol (minimum 95 %)

and crysta’lisable benzene.

5. PREPARATIONS FOR THE TEST

a) Cleaning the balls

A new set of four balls is needed for each test; they are

cleaned wvith one of the solvents listed in 4a) above.
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b) Cleaning the apparatus

<)

d)

The ball race, the double-co e centring device and the
rotating liner which receives the rotating ball must be cleaned using
one of the solvents listed in 4b above, paying attention to the type

of fluid under test, and dried before assembly of the apparatus.

During successive tests on one type of fluid, it is sufficient
to empty the ball race without cleaning it with a solvent. It is,
however, recommended to dry all the components with a clean, dry rag
before the next test begins. Complete cleaning must be carried out

after each series of tests on a given fluid.
Assembly

A new ball (bearing ball) is placed by hand in the rotary

lining, which is then set in the lining holder and locked.

Three similar balls are placed in the race, and centred by
setting the double cone in place. The whole assembly is locked by

thightening the bolt running in the outer thread of the ball~race.

The test fluid is poured into the dish, so as to cover

the top surfaces of the balls to a depth of some 3 mm.

This entire assembly is then placed beneath the rotating
ball and centred there by means of the support plate. The lever
carrying the weights is released. This causes the stationary balls
to press from below on to the rotating ball, under the effect of
the test load.

Changing the test fluid

In the case of low loading (up to 40 kg) or with petroleum
0ils or fluids containing no water, it is not absolutely necessary to

change the test fluid for each of the successive loadings.
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With group A and B emulsions, and with group C fluids, it is
however preferable to change the totcl quantity of test fluid for each
new loading, because water evaporation may occur to an apprecizable
extent.

If loadingsof 40 kg are exceeded, all the test fluid
must be changed after each test, care being taken to cool the

ball-race down to laboratory temperature.

a)

b)

c)

Method

For each loading selected, one three-minute test is

carried out.

The test begins at a loading of 12 kg. Succeeding loadings
are raised byr:
aa) steps of 6 kg up to 42 kg.
bb) steps of 1C kg from 50 kg up to the seizing load.

Seizing load

Seizure will occur in a period of from about 2 to
30 secondse If it is observed within 2 seconds, a check test must
be carried out at the same loading, which is then taken to be

the seizing load.

If seizure is only observed after a longef period, then -
to obtain seizure within 2 seconds, a test must be carried out
with a loading 10 kg higher than the pvrevious one, assuming that
the latter was below 400 kg. The nev lcading must be 20 kg higher
if the first was above 400 kg. The seizing will be that loading

causing seizure inside some 2 seconds.

Measuring the test indentations

The wear indentations formed on each of the individual
balls are measured in two mutually perpendicular directions, one
parallel to the scratches on the pressure surface. The wear diameter
is taken as the arithmetic means of six measurements of the wear

on a set of three balls.
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7. PRESENTATION OF THE TEST RESULTS

a) Correctcd lo=d

b)

c)

d)

For each test loading, a corrected load is calculated using

the following formula:
d

Pc = P x _H
d
Pc = corrected load (in kg)
P = test load (in kg)
d.. = diameter of the wear indentation (in mm) measured on the Hertz

H
line for a loading of P kg

d = diemeter of wear measured on the balls (in mm)
Table I shows the values for the product P x dH for the

various possible test loadings.

Corrected avernge load

The corrected average load is obtalned from the arithmetic mean of
the corrected loads calculated for each separate loadings, with the
exception of the seizing load.

Protection agninst wear

This is expressed by two loadings:

a) The corrected average load

b) The seizing load

Standard fluid

The selected standard fluid consists of a mixture of two pareffin-
based petroleum oils with the following viscosity figures:

48.8 centistokes at + 50° C
9 centistokes at + 100° C

The mixturc comprises two oils:
free-running 27 centistokes at + 50° C

viscous 236 centistokes at + 50° C

A wear curve recorded for this standard fluid 1s included in the

figure.
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Appendices

I. Table showing the values of the factor P x dH for the various possible

test loads.

II. Correction of the diameter dH on the Hertz line (extract from U.S.

Federal Standard Method, 791):

The dH dicmeter is calculated by mencos of the formula derived
by Hertz to determine the diameter of a contact surface between two
spherical surfaces. The diazmeter of the part statically indented
in the process of deformation of the bzalls under the indicated load
is given by the following formula:

d, = 0.0873 ?E"P

H , in which:

P = test load applied in vertical direction (in kg)

dy = Hertz diometer (in mm).
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VALUES OF THE FACTOR P x d

H

ANNEX XITI

-
Load Hertz Correction Load Hertz :Correction Load ° Hertz % Correction
P ‘diameterfactor P diameter factor P idiameter| factor .
(in kg)dy (in_ Pxdy  (in kgldy (in Pxdy (in kg) dg (in | Pxdy §
mm) ‘ mm) : i mm) g !
! : i ‘ ;
10 §0.188 1.880 190 20.502 95.380 ; 400 § 0.643 i 257.200 é
12 10.200 : 2.400 200 10.511 :102.200 , k20 | 0.654 | 274.680 |
18 20.229 k122 210 1 0.519 1108.990 f 4o 0.66L % 292.160 |
2b  10.252  6.048 . 220 | 0.527 [115.940 g 460 : 0.674 | 310.040
30 l0.271  8.13%0 230 10.535 /123,050 480 . 0.68L | 328.320
36 0.288 10.368 2ko 0.543  1130.320 . 500 | 0.693 . 346,500
b0 10.299 11.9k2 | | |
k2 |0.303 12.726 . 250  0.550 |137.500 520  0.702 | 365.040
50 0.322 16.100 260 10.557 114k.820 540 - 0.711 | 383,940
60 0.342 §2o.520 1270 0.564 1152.280 . 560 . 0.720 403.200
70 0.360 25.200 280  0.571 '159.880 . 580  0.728 h22.2k0
80 0.376  30.080 290 1 0.578 §167.620 ' 600 ; 0.736 L4 .600
90 0.391 35.190 ' 300 1 0.584 3175.200 : 620 : 0.74k4 461.280
100 0.405 40.500 ' 310 Eo.591 1183.210 ; 640 i 0.752 4381.900
110 10.418 45.980 . 320 [ 0.597 191.00 | 660 . 0.760 | 5C1.600
120 10.431  51.720 ' 330 10.603 ,198.990 680  0.768 | 522.240
130 0.442  57.L460 S 340 20.609 207.060 700 - 0.775 ¢ 542.500
140 0.453  63.420 350 30.615 §215.250 720 0.783 | 563.760
150 0.46L 69,600 360 '0.621 i223.560 740 | 0.790 § 584,600
160 0.474 75,840 370 10.627 1231.990 760 . 0.797 % 605.720
170 0.484  82.280 380 0.632 240,160 780 ; 0.804 | 627.120 |
180 0.493  88.740 | 300 10.633 %248.820 % 800  : 0.810 g 648.000 |
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DETERMINATICON OF TENDEﬂCY TO FOAM FORMATION
(Extract from standard 4STM D 892-58 T)

PMEFPLICATION

Fluiés with or without addition of water (groups %, B, C and D).

PRINCIPLE

A finely-diffused current of air is led into the fluid at

different temperatures.

APPARLETUS

c)

d)

1,000 ml. measuring cylinder

The graduated sccle for 1,000 ml. must cover 365 mm + 15 mm.

Air inlet tube with diffusion plug of alundum (Norton Company,
Refract. Division, Worcester, 6, Mass., U.S.A. Designation No.

ME-46239, Grade: fine).

The air-inlet tube is made of brass and is at least 450 mm long.
The diffusion plug, which is spherical, porous and made of sintered
aluminium oxide, and 25 mm in dicmeter, is fixed to the lower end

of the inlet tube.

L thermostatically-controlled bath, consisting of a glass vessel

filled with water ,mrovided with a heating device, automatic temperature
control ard a stirrer. The glass vessel should be big enough to

allow the measuring cylinder to be immersed up to the 900 ml. mark.

The temperature of the hcating bath must be adjustable to 25° C +

0.5° C or 95° C + 0.5° C.

Flownmcter to provide adjustment of the prescribed flow of air:

The types used are cither the normal Rotameter or the fluid-filled
U-tube type of flowmeter which indicates the pressure difference up-
stream and downstream of a capillary tube inserted in the air current.
(It is advisable to have e capillary-like construction at the bottom
point of the U-tube to damp oscillations of the fluid caused by

pressure variations).
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e) Stopwatch.
f) Thermometer. precision thermometer O to 100° C, with scale divided
in 0.2” C.

CHEMICAL REZGENTS

—prr

a) Petroleum zther or heptane
b) Chemically pure acctone

¢) Purc benzene.

PREPARATIONS FOR THE TEST

a) To eliminate all the fluid residues from previous tests, which
might in certain circumstances falsify the results, the apparatus

coming into contact with the sample must be thouroughly cleaned.

This is especinlly the case for:

22) the measuring cylinder: this must be carefully washed out with
petroleum ether or heptane, then with acetone arnd finally with
distilled water, after which it is dried with dry, clean (oil-

free) nir;

bb) the diffusion plug in the air-inlet tube: the plug is cleaned
successively with petroleum ether or heptane, benzene and
finally with a fresh quantity of petroleum ether or hevntane,
by dipping it into the three solvents - some 300 ml. of solvent
being uscd each time - and the solvent aspirated by vacuum and
- expelled again by air prossure (each operation being repeated
5 times). Tube and vlug are then dried with dry, clean (oil-

frce) 2ir. The pipe is finally wiped with a clean, dry cloth.
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b) The air-inlet tube is then introduced into one orifice of a rubber
cork pierced by two holes, which seals the measuring cylinder, the
tube being sc inserted that the diffusion plug just touches the

bottom of the measuring cylinder.

¢) Then some 200 ml. of the sample are heated to 50° + 2° C in a clean
glass vessel and then cooled to 25° + 2° C. In azddition, the heating
bath is adjusted to 25° C + 0.5°. The measuring cylinder is filled
up to the 190 ml. mark with the prepared sample, and then placed in
the heating bath in such a way that the water reaches at least the
900 ml. mark.

p. TEST PROCEDURE

a) Once the fluid in the measuring cylinder has reached the temperature
of the bath, the rubber cork carrying the air-inlet tube is placed on
the measuring cylinder (the diffusion plug just touching the bottom of
the cylinder) and a period of 5 minutes is 2llowed to elapse for the
plug to become saturated with fluid. During this operation, the air
supply must not be connected. The tube is then connected to the air
supply and 2o flow of air of 94 ml. + 5 ml. per minute introduced.
(The air must be dry and oil-free. If necessary, one or more tubes
containing calcium chloride and activated carbon together with another
tube filled with cotton wool should be placed in the air line.) When a
period of 5 minutes + 10 seconds has elapscd after the appearance
of the first a2ir bubbles on the surface of the diffusion plug, the flow
of air is cut off and the volume of foam formed immedintely measured,
and cxpressed in milliliters. The term volume of foam should be understood
as referring to the volume between the upper edge (average value) of

the layer of foam and the surface of the fluid below this.
Vithout removing the =2ir inlet, the measuring cylinder is left

for a further 10 minutes + 10 seconds in the water bath, after which

the foam volume is measured again.
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b) For a2 similar test carried out at 95° C, the preparations are identical

with those described in section 5 nbove, but the bath is heated to

95° C + 0.5°,

A freshly-cleaned air-inlet tube and diffusion plug should be used

for the introduction of the zir.

The measurcment is carried out a2s in section 6 above, after the

nececssary lapse of time for bubble formation or scttlement.

0) The foam remaining after the test described in scction 6 b is then

broken up by light stirring. The fluid is cooled to below 40° C, by

allowing the measuring cylinder to stand open to the air at room

temperature., Once the fluid has reached the heating-bath temperature

of 25° + 0.5° C, a freshly-cleaned air-inlet tube and diffusion plug

are insertcd. Then the process described in scction 6a is repeated

and the foam volume measured after the lapse of time for bubble

formation or scttlement.

7. PRESENTATICN OF RESULTS

Table
Temperature of the Volume of fonm mesured
sample of fluid immedintely after air
introduction
2500 G..ll.l..l.ﬂlml.
9500 ll.'u...‘ﬂ.llml.
25° C (after
determination
at 95° C) wessansecesesll.

700/2/63 a

Foam volume
after
10 minutes

ecesssll,

ou.o..mlo
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TETEPMINATION OF EMULSTON STABILITY

PRINCIPLE

c

|

To check thnt the emulsion when ready for usc is stob

when stored at the two temperaturass + 20° C, + L40° C.

LPPARLTUS

-two cylindricnl test tubes ench of some 250 cc. capacity, with

ground stoppers; thesc tubes should be approximnately 40 mm in external
diameter and have o height of 240 mm, up to the 250 ml. mark.
-thermostats for tempernturcs of + 20 and + 40° C + 1°C,

'EST FROCEDURE

a) S-mple prep-ration

The volumc of the sample is to be approcimately 600 ml.
Two cagses may arise:
~2) the cmulsion is rendy for use;
bbk) only a concentratce is provided, and the cmulsion must be made

up before use.

In th> sccond cose, the emulsion is to be made up using water of
o hordness of %0 + 5 (French hardness scale *), by shkoking it

up for at lcast 5 minutes.

b) Troatmant

The s~mple is distributed equeally over the two 250 ml. test
tubcs. These are then scaled and subjected to the tempernture con-
ditions listed above, one tube in the thermostatically-controlled
bath at + 20° C, and one tube in the thermostatically-controlled
bath at + &40° C.

——

*) corresponding to 22.4 + 2.5 dcgrees of hardness on the German hardness

scale.
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¢) Ohservations

The samples are examincd every 24 hours. No oil should rise

to the surface zfter:

1,000 Lours for enmulsions of the oil-in-water type

600 hours for the emulsions of the water-in-oil type.

Only 2 creomy layer not exceeding 5 mm in thickness is

permissible. No separation of water and oil is pormissible.

700/2,/€3% ¢



DETERMINATION OF TOXICITY CF FIRE-RESISTANT
FLUIDS MIGCIBLE WITH WATERGROUPS A AND C

I. INFRA-REN SPECTROPHOTCMETRIC CHECK OF IDENTITY

4 weilghed sample of fluid is ploced with anhydric phosphoric
acid in 2 dessicator, hented to 70° C and lcft until it reaches constant

wcight.

The residuzl fluld is extracted with 10 times its volume of

pyroxide~frce ethyl ether.

The ether collected is evaporated in a vacuum. An infra-red
spectrum of the residues is taken, comprising extinction vealues O to
1.5 or transperency values of O to 100 % over the wholc wavelength

-

range from 3 to 15 microns.

The spectra are not esnalyscd but are used as identity refercnces

for the subsequent tests.
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Acute toxicity

The dstermination cf acute toxicity (mean lethal dose LD 50)

(SN
o
e ]
{7
v
Hy
O
+3
83
o
[oN
O

n male vwhite mice and is expressed in g/kg of body

The hydraulic fluid under test (diluted with olive oil if
nzcessary' is fed to male white mice by way of a tube inserted through

the mouth. The cbservation peiviod is 48 hours.

The tube is fitted like a hypodermic needle to a tuberculin
syringe. The froat end of the tube is blunted and thickened, to aveid

injury t- the animals.

Each mruse is weighed, and the quantity of fluid introduced

into its stcmach referred to the weight cf the animal.

A first apprcximation test of LD 50 iz carried cut on a
fairly emall number of animals. Four of them receive a dose P. Then
the next four receive a dosz 2 P, further animals are given 4 P etc.

o

£ the " first arbitrary’ dose P is too high, the subsequent experi-

ments should be perfermed with fractions of F.

After this first approximation test, the range of 1ID 50 is
pretty well worked cut. Tests are then carried out c¢n groups of nmice,
the aumters in which are determined by the statistical certainty
(1imit of certainty 20 %) of the values cbiained each time. Each groun
nou receives C.%, 0.6, 0.8, 1.0, 1.2, 1.4 times etc. of the rough

LD 50 zlready determined.

For each individual dose, the number of dead animals is
exoressed as a percentage, and the results are plotted on a logarith-
mic curve (probabillity paper). Then, the dose vhich causes the death

of 50 % of the animals is determined gravhically from the curve.
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ITIX. DITERMINATICN OF 20XIC EFFECT

AY Overa’l toxicity

Dilutions of fluid with a final volume of 1 litre and
tLe following ccacentrations cf test fluid:
1.107%
1.107°
1,107
-l
1.10

1.107°
are made up at room temperature with tap water, each in a shallow
vessel (2 litres capacity). Three goldfish (Carassius Auratus),
weight 5 to 10 g are placed in each vessel. Over a total period
of 120 hours, the time of survival of each fish in each group is
noted. If the fish die within this periocd, the symptoms exhibited
befcre death are noted. haemorrhages or iccomotor co-ordination

Gistu-bances.

The recults are classified as under:

Survival of all the fish 0
T"e fish in the concentration 1.107% gie

after more than one hour 1

after less then one hour 2
Tuoc fish in the concentration 1.1072 aie

after nmore than one hour 3

after less than one hour L
Tie fish in the concentration 1.107° die

after more than one hour 5

after less thar one hour 6
The fish ir the concentration l.lO_br die

after more than one hour 7

after less than one hour 8
The fish in the concentration 1.1C™7 die

after mcre than one hour 9

after less than one hour 10
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B. Irritant effect

1. Tests to determine the irritant effect on the eyes

Using a otandard eye-dropver, a dreop of test fluid is
piaced, cnce a day on 3 consecutive days in the conjunctivel
sac of the right eye of two male allbino rabbits of at least
1 kg weight. After the administration of the third drop, the
state of the right eye arnd its surroundings is examined and
ccmpared with the left eye, after 10 minutes, one hour, 6 hours,

2l rours, 438 hours ard 5 days.

During the vwhole test pericd (3 days) the animals must

be isclated from the others.

Disregearding any microbic infecticns, the results are

classified as unde:.

Mo reaction observed 0]

wryvthema of the conjunctiva and watering of the

ey2 which cease after 10 minutes 1
t n " after 1 hour 2
H n n after 5 hours 3
" ” " after 24 Hours L
" 1 i after 5 days 5

Fermanent lesions, except ioss of vision 6-9

Tiwoss ¢f vision in the treated eye 16

<o t2uv_to determine the irritant effect on the skin

Using the szme animals as have been employed for the
cve tests, thez acute cutaneous irritation is investigated, by
rizens of the "peatch test', described below.

For the purposzs of the tests, 24 hcurs before the test, the
ckin on the flark is depilated over an areaz of 8x8 cm using

& scdium sulphide paste.

nC/2 6% e
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The patch itself consists of a piece of cctton wool &4 x 4 cm,
ccvered by a cheet of any impermeazble material which will not react
with the test fluid, in such a way that direct contact with the skin

is possible only over a surface ocf 2 x 2 cm in the middle.

After the wocl has been soaked with 2 ml. of the test fluid,
the patch is laid on the skin and fixed with a piece of adhesive

plaster 8 x 8 cm.

After a contact time of 24 hours, the patch is remcved and
the condition of the skin is examined immediately and also 5 days

later.

Disregarding any microbic infection, the results are classi-

fied &s under.

No reaction observed

Erythema, according to extent and duration 2 -3
Erythema and cutaneous oedena

BErythema, oedema, blistering 5

Major skin lesions (blisters, ulcers, necroses),
according to extent a&nd duration 6 -10

C. Test to determine the toxicity of aerosols

This test is carried out for group A fluids at room tempera-

ture, and for group C fluids at 5C°C.

The fiuid diluted 1 = 1 with distilled water, is filled
into an aeroscl generator, which, fed with an air stream at
15 litres/min emits 20 ml. of the mixture per hour in aeroscl form.
Particle size must be checked - at least 90 % of the particles must

-

be belcw 3 microns in size.

The mixture s~ procduced is fed into a 100-1litre cylinder
with an internal diameter of 50 cm, which rotates about it: axis

at the rate of 1 rpm.

70C/2/63 ¢
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Three male adult Wistar rats 150 g in weight ar exposed to
the zeroscl for 4 hcours. If they survive they are kept under

observation for a further 5 days.

Disregarding any microbic infactions, the results are
classified as under.

No reaction observed 0

Symptoms of irritation or nervous affectations

ceasing after 1 hour 1

6 hcurs 2

S5 days 3
Death cof one of the animals within 5 days 5
Death of two animals within 5 days 6
Death ¢f three animals within 5 days 7
Death of one of the animals during the test 8
Death of two animals during the test 9

=
@]

Death of 211 three animals during the test

Thermal-decomposition prcducts

1l. ?rocedure

The formation of thermal-decomposition products by the
test fluids is carried out in an metal chamber eanclosed in all
sides, at one end of which the fluid is sprayed by means of a
diesel injector (conical spray nczzle, with a minimum spraying
angle cf 30 %) on to a hot plate, and at the cther end of which
the extraction occurs, the air-inlet orifices being roughly in
the middie of the chamber. A partition between the injector and
the air-inlet orifice is intended to prevent the extractiom of

the injected fiuid before it has reached the heating plate.

The injector sprays at a rate of 0.35 to 3.5 ml of fluid

ner minute.
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The temperature of the vapourisation plate is checked by

means cf =z thermococuple let in.

The tests are carried cut at a temperature of 200°C. The
cutput of the injector shculd be as near as possible to 1 ml. per
min. If with this cutput, the condensate amounts to 1/3 of the
injected volume, a2 further test is carried out with the output

reduced to C.5 ml. per minute.

A condenser unit is connected to the extractor section
of the combustion chamber and after passing through this, one
part of the extracted mixture is supplied to the chemical analysis
unit and one part to the device where the rats are subjected to
the test.

Chemical analyses of the thermal-decompcsition products

The chemical analysis unit covers tie analysis ~ quantita-
tive if possible - of oxidising decomposition products, using
potassium iodide cr an acetone solution of sodium iodide, and
also the aznalysis of carbeayl haiogenides using an aqueous aniline
solution, after first pazsing through cotton wcol soaked in

potassium iodide.

Furthermore, the condensate has to be analysed for carbonyl

halogenides by means of infra-red spectrascopy.

Toxicological examination of thermal-decomposition products

A part of the extracted gas is fed into a current of fresh
air in the ratio of 1 . 2. This mixture is passed through the rat
cage (described in chapter C), after it has been cooled to room
temperature. The further procedure follows from the information
given in chapter C, except for tke duration of the exposure period

which is fixed at % hours.
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E. Evaluation cf the results and conditions of approval

Each product tested is given a rating between O and 160.
This figure is obtained from the sum of the rating from each of the
individual tests, after multiplication of these rating figures by
the coefficients given in the following table:

Eyes

Irritant capacity Skin

Aerosols

Toxicity to fish

[ACIENAC TN A\ RN SR ¥

Thermal decomposition products

Any product which achieves the rating of 10 before multi-
pliéation must be rejected, as should a product reaching the total

rating of 50.

70C6/2/63% e
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DETERMINATION OF TCXICITY OF FIRE-RESISTANT
FLUIDS NOT MISCIBLE WITH WATER, GROUE D

INTRA-RED SEECTROPHOTCMETRIC CHECK OF IDENTITY

An infra-red spectrum is taken of a sample of fluid
comprising extinction vaiues O to 1.5 or transparency values of
O to 100 % over the whole wavelength range from 3 to 15 microns.
The spectra are not analysed but are used as identity references

for the subYsequent tests.

ACUTE TOXICITY

The determination of acute tcxicity (mean lethal dose
LD 50) is performed on male vhite mice and is expressed in g/kg
of body weight.

The hydraulic fluid under test (diluted with olive oil
if necessary) is fed to male vhite mice by way of a tube inserted

through the mouth. The observation period is 48 hours.

700/2{63 €
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The tube is fitted like a hypodermie needle to a tuber-
culin syringe. The front end of the tube is blunted and thickened,

toc avoid injury to the animals.

Ezch mouse is weighed, and the quantity of fluid introduced

into its stomach referred to the weight c¢f the animal.

A first approximation test cf LD 50 is carried out on a
feirly small number of animals. Four of them receive a dose P.
Then the next four receive a dose 2 P; further animals are given
4 P etc. If the 'first arbitrary' dcse P is too high, the subsequent

experiments should be performed with fracticns of P.

After this first approximation teszt, the range of LD 50
is pretty well marked out. Tests are then carried out on groups
of mice, the numbers in which are determined by the statistical
certainty (ilimit of certainty 20 %) of the values cbtained each
time. Bach group now receives 0.4, C.6, 0.8, 1.0, 1.2, 1.4 times
etc. of the rough LD 50 already determined.

For each individual dose, the number of dead animals is
exprecsed as a percentage, and the results are plotted on a
logarithmic curve (probability paper). Then, the dose which
causes the death of 50 % of the animals is determined graphically

from the curve.

DETERMINATION OF TCXIC EFFECT

A. Irritant effect

1. Tests to determine the irritant effect on the eyes

Using an eye-dropper, a drop of test fluid is placed,
cr.ce a day on % ccnsecutive days in the conjunctival sac of the
right eye of twvo male albino rabbits of at least 1 kg weight.
After the administraticn of the third drop, the state of the
right eye and its surrcundings is examined and compared with
the left eye, after 10 ninutes, one hcour, 6 hours, 24 hours,

48 hours and 5 days.
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During the vhole test pericd (8 days) the animals must

be isslated from the others.

Disregarding any microbic infections, the results are

classified as under

No reaction observed 0]

Erythema of the conjunctiva and vatering of the

eye which cease after 10 minutes 1

" after 1 hour 2

" i after 6 hours 3

" i \ after 24 hours b

" 1 after 5 days 5
Permanent lesions, except loss of vision 6 -9

Loss of vision in the treated eye 10

Test to determine the irritant effect on the skin

Using the same animals as have been employed for the eye
tests, the acute cutaneocus irritation is investigated, by means

of the “patch test', described below.

For the purposes of the tests, 24 hours before the test,
the skin on the flank is depilated over an area of & x 8 cm using
a sodium sulphide paste. The patch itself consists cf a piece of
cotton wool % x 4 cm, covered by a sheet of any impermeable material
which will not react with the test fluid, in such a way that direct
contact with the skin is possible only over a surface of 2 x 2 cm

in the middle.

After the wool has been soaked with 2 ml. of the test
fluid, the patch is iaid on the skin and fixed with a piece of
adhesive plaster (8 x 8 cmJ.

After a contact time of 24 hours: the patch is removed

and the condition of the skin is examined immediately and also

5 days later.
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Disregarding any microbic infection, the results are

claszified as under:

No reacticn cbserved

Erythema, according to extent and duration 2 - 3
Erythema and cutaneous cedema

Erythema, oedema, blistering 5

Major skin lesions (blisters, ulceis, necroses),
according to extent and duration 6 - 10

Test to determine the toxicity of aerosols

1) Ccld aerosol

The fiuid is filled at 50°C into an aerosol generator,
which, fed with an air stream at 15 litres/min emits 1C ml. of
the fiuid per hour in aercsol fcrm. Particle size must be checked
- at least 90 % cf the particles must be below 2 microns in size.
After passiag through a Vigreux tube, this aercsol is fed into
a 100-litre cylinder with a rotating diameter of 50 cm, which
rotates at 1 rpm. Three maie adult Wistar rats 150 g in weight
are exposed to the aeroscol fcr & hours. If they survive they

are kept under observation for a further 5 days.

Disregarding any microbic infections, the results are

ciassified as under.

No reaction observed 0

Symotoms of irritation or nervous affections

ceasing after 1 hour 1l
6 hours 2
5 days 3
Dea*hr of cne of the animals within 5 days 5
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Death of two animals within 5 cdays 6
Desth of three animals within S days 7
Dezth of ore of the arnimals during the test 8
Decth ¢f two animals during the test -9
Leath of three animals duiring the test 10

2) Hot Aerosol

The test described above is then carried out with fiuid
kept at 150°C.

Disregarding any microbic infections, the results are
classifizd as under:
Ko reacticn observed 0]

Symptoms cf irritation or nervous affections

ceasing after 1 hour 1

6 hours 2

5 days 3
Dezth of cnz of the znimsls within 5 days 5
Death of two animals withir 5 days 6
Death of three animals within 5 days ?
Death of crne c¢f the animals during the test 8
Death of two animals during the test 9
Dzath of three animals during the test 10

C. Thermal-decomposition products

1) Precedure

The formation cf thermal-decomposition products by the
test fluids is carried out in a metal chamber enciosed in zlil
sides, at one end of which the fluid is sprayed by means of a
diesel injector (ccaical spray nozzle, with a minimum spraying
angle of 30 %) on to a hot plate, and at the other end of which

the extraction occurs, the air-inlet orifices being roughly in

70C/2/6% o
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the middle <f the chamber. A partition betveen the injector and
the air-inlet orifice is intended to prevent the extraction of

the irjected fluid before it has reached the heating plate.

The injector sprays at a rate of 0.35 to 3.5 ml of fluid/

minute.

The temperature of the varvorisation plate is checked
by means of a thermocouple let in to it, and can be adjusted tc

values up to 700°C.

A condenser unit is connected to the extractor section
of the combustion chamber and, after passing through this, one
part of the extracted mixture is supplied to the chemical analysis
unit and one part intc the device where the rats are subjected to

the test.

The test is to be carried out at temperatures of 2C0°C
and 700°C. The cutput of the injector shcoculd be as nsar as possible
to 1L mi. per min. If with this output, the condensate amounts to
1/3 of the injected volume, a further test is carried out with

the outmut reduced to 0.5 ml. per minute.

Chemical analysis of the thermal-decomposition products

h analysis unit covers the aanalysis - quantita-
tive if possible - of oxidising deccmposition products, using
potassium iodide or an acetone solution of sodium iodide, and
clso the analysis of carbonyl halogenides using an agueous aniline
sclution, after first being purified on cotton wocl soaked in

potassium iodide.

Furthermocr, the condensets has to be analysed for

carbonyl halcgenides by means of infra-red spectrcscopy.
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A part c¢f the extracted gas is fed into a current of
fresh air in the ratio ¢f 1 . 2. This mixture is passed
through the rat cage, after it has been cocled to room
temperature. The remaiander of the procedure follows from
the informaticn given in chapter B. 2, except for the

duration of the exposure period, which is fixed at 3 hours.

The evaluation scale must apply bcth to the

decomposition prcducts at 200°C and at 700°C.

D. Evaluation c¢f the results and conditions of approval

Each product tested is given a rating between O and
160. Thic figure iz obtained from the sum cf the rating from
each of the individual tests, after multiplicaticon of these
rating figures by the ccefficients given in the following

table .

Eyes 5
Irritant capacity
: Skin >
Cold 2
Aerosols
Hot 2
Thermal-decomposition 200° 1
producte 700° 1

Any product which achieves the rating of 10 tefore
multiplication must be rejected as should a product reaching
the total rating of 5C.
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LIST OF MEMBERS OF THE WORKING PARTY ON "FIRE-RESISTANT FLUIDS"

-~ Herr Dipl.-Ing. Ernst BREDENBRUCH (Chairman)
Leiter der Houptstelle fir das
Grubenrettungswesen des
Steinkohlenbergbauvereins
ESSEN-KRAY
Schonscheidtstr., 23

- Monsieur René LEVEFRE
Chef du Laboratoire des Lubrifiants
des Houilléres du Bassin du Nord
et du Pas-dz-Calais
SIN - LE - NOBLE / Nord

- Herr Dr. chem. Hans Willi THOENES
m. Br. Technischer Ueberwachungsverein e.V.
ESSEN
Steubenstr. 53

- Herr Dipl.- Ing. Klaus GRUMBRECHT
Versuchsgrube "TREMONIAY
DORTMUND
Tremoniastr. 13

- Monsieur Edgsrd DEMELENNE
Administrateur-Directeur
de 1l'Institut National des Mines
60, rue Grande
PATURALAGES

Alternates

a) Monsieur Georges fdrien NENQUIN
Ingénicur divisionnaire a
1'Institut National des Mines

b) Monsieur Josepi BRACKE

Ingénieur principal divisionnaire a
1'Institut Nntional des Mines
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MEDICAL EXPERTS

- Herr Direktor Prof. Dr. med. MALORNY
Pharmakologisches Institut der
Universitdt Hamburg
HAMBURG

élternates

2) Herr Dr. med. BENTHE, Dozent )Pharmakologisches
JInstitut der
b) Herr Dr. med. FODOR )JUniversitdt Hamburg

- Monsieur le Dr. CLAEYS
Centre d'Etudes rédicales miniéres
Centre Foivre d'Acier
SIN-LE-NOBTLTE/ Nord

- Monsieur le Dr. JARRY
Charbonnages de France
9, Avenuc Percier
PARIS 8éme

- Herr Oberarzt
Dr. med. habil. PRIM/VESI
Hygiene~Institut des Ruhrgebietes
GELSENKIRCHTEN
Rottheauserstr. 19

Alternnte

Herr Dr. H. ZIMMERMANN
Hygiene-Institut des Ruhrgebietes

- Monsieur le Dr. Jean CRISPOUX
24, Avenue Jenn d'livesnes
MONS

- De Hoogedelgestrenge Heer
H. ITALIE, Arts
Inspecteur der Mijnen
Staactstoezicht op de Mijnen
Apollolnan 9
HEERLEN (L)
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LIST OF MZMEBERS OF THE WORKING PARTY ON
COM3ULETICH"

APPENDIX

"MINE FIRES AND URDERGROUND

GERMANY

Herr Wilhelm LITTEN
Ministerialrat im
Ministerium fir Wirtschoft,
Mittelstand und Verkehr
Land Nordrhein-Westfalen
DUESSELDORTF
Haroldstr. L

Herr Dipl.-Ing. Ernst BREDENBRUCH
Leiter der Hauptstelle fiir das

(Chairman)

Grubenrettungswesen des Steinkohlenbergbauvereins

ESSEN-KRAY
Schénscheidtstr. 28

BELGIDM

Monsieur 4. VANDENHEUVEL

Directeur Général des Mines
Ministeére des Affaires Economiques
£ - 8, rue de 1a Science
BRUXELLTES

Monsieur Georges LOGELAIN
Inspecteur Général des Mines
Ministéere des Affaires Economigques
6 - 8,rue de la Science
BRUXELLTES

Monsieur Robert STERUIT
Directeur Divisionnaire

a 1'Administration des Mines
6 - 8, rue de 1la Science
BRUXELLES

FRANCE
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Monsieur CH.MPAGNAC
Directeur aux Fouilléres du
Bassin de Lorraine
MERLEBACH (Moselle)

Monsicur Jean CRETIN
Ingénieur Divisionncire
Poste Central de Secours

BRELLE-ROCHTE a MERLEBACH (Moselle)

Monsieur MORIN
Ingénieur en Chef
Chef des Services Généraux

du Fond aux Houillércs des Cévennes
ALES (Gard)
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LUXEMBOURG

Monsicur Arthur SCHUSTER
Ingénieur-Directeur du Trovail et des Mines
Inspection du Travail et des Mines

19, Avenue Goston Diderich

LUXEMBURG

Monsieur Marcel LEINEWEBER

Contréleur au Service de 1'Inspection
du Travail et des Mines

rue du Stade

NIEDERCORN

ITALY

Ing. fAchille PELLATI
Via Emanucle Gianturco 1
ROMA

Ing. Vincenzo BUSONERO
Direttore Miniern
Societa Carbosardn
C.RBONI. (Cagliaori)

NETHERLANDS

Dec Hoogedelgestrenge Heer
Ir. D.J. KNUTTEL
Hoofdinspecteur der Mijnen
Stontstoezicht op de Mijnen
HERRLEDN (L)
Apollolann 9

De Hoogedelgestrenge Heer

Ir. & PAULEN

Chef ven de Velligheidsdienst
von de Stnaatsmijnen in Limburg
HEERLEN (I)

UNITED KINGDOM
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Mr. BELL

Hlational Co2l Board

Production Dcpartment

Hobart House - Grosvenor Place
LONDON S.¥W.1
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MINES SAFETY COMMISSION

Composition of the Commission

FELER’'L REPUBLIC OF GERMSNY

Government representatives

Herr Oberbergrat SCHNASE
Bundesministerium fir Wirtschaft
BONN

Herr Ministerialdirigent Dr. Ing. HELLER
Ministerium filir Wirtschaft, Mittelstand und Verkehr
Land Nordrhein-Westfalen

DUESSELDORF

Emplcyers' Representative

Herr Dr. Ing. BENTHAUS
Bergnssessor z.D.
Steinkohlenbergbnuverein
ESSEN
Friedrichstrasse 2

Workers' Represcntative

Herr Korl KRIAEMER

Industriegewerkschaft Bergbau und Energie
BOCHUM

Lltce Hottingerstrasse 19

Technicnl Advisers

Herr Ministerinlrat LATTEN

Ministerium fir Wirtschaft, Mittelstand und Verkehr
Land Nordrhein-Westfnlen

DUESSELDORTF

Hoaroldstrasse b

Herr Oberbergrnt EUEBNER

Leiter der Unterobteilung Montanwirtschaft
des Ministeriuss fiir Wirtschaft, Verkehr
und ILondwirtschoft des Saarlandes
SALRBRUECKEHN

Hordenbergstrasse
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BELGIUM

70072/53 ¢

Government represcntatives

- Monsieur 4., VANDENIEUVEL
Directeur Général des Mines
Ministére des Affaires Economiques
6 - 8, rue de 1o Science
BRUXELLZES

- HMonsieur Georges LOGELALIN
Inspcectour Générazl des Mines
Ministére des Affaires Economiques
6 - 8, rue de 1n Science
BRUXELLES

Emplovers' representative

- Monsieur E. DESSALLES
[dministrateur des Charbonnages André Dumont
et dc¢ Houthnlen
ivenue Reine Astrid, 10
HASSELT

Workcers representative

- Monsieur Joseph DEDOYARD
Secrétaire Général de la Centrale Syndicale des
Trovoilleurs des Mines d2 Belgiaue
201, ruc de Gilly
CULTELINE.T

Technical ndvisers

Monsieur Mathieu THOMASSEN
Président National de 1a Centrale
dzs Francs-Mincurs

145, rue Belliard
BRUYELLZES

Monsieur Lucien BOULET

Directeur Général du Fonds National
de Retraite des Ouvriers Mineurs
Ministore du Travnil et de 1-
Prévoy-nce Cocinle

€, Place Stéphnnic
BREULXELLES
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FRANCE

Government representatives

Monsieur J.N. PROUST
Ingénicur en Chef des Mines
Ministore de 1'Industrie
97, rue de Grenelle

LRIS VII

Monsieur REBIERE

Chef du Scrvice de l'Hygiene et de la
Sécurité dans les Mines

Direction des Mines

Ministére de 1'Industrie

G7, rue de Grenelle

PARIS VII

Employers' represcntative

Monsieur R. VEDRINE
La ""Pirouctte®
avenue du Roi .lbert
CANNES (L.M)

Workers' representative

Monsieur CH,UVE!U

Fédération Nationale des Syndicats Chrétiens des
Mineurs

8, ruc de Navarre

P.LRIS (5

Teochnical adviser

Monsieur Roger TOURET

Force Ouvrierc des Mineurs, Miniers et Similaires
Ingénieur de 1o Sécurité aux Houilleres de Lorraine
MERLEBLACH (Moselle)

41, ruc Snint-Nicolas
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Government reyresentatives

Dott. COLUCCI

Direzione Generale dell'Emigrazione
Ministero degli Affari Esteri
ROM . '

Ing. Giovanni GIROL.MI

Ispettorc generale delle Miniere
Ministero dell'Industria e Commercio
Viz Veneto, 33

ROMA

Employers! regrresentative

Prof. M~rio CARTA
Istituto firte Minieraria
Piczza 4'lirmi

C.GLILRT

Workers' rcrresontative

Giorgio CRILVIOTTO

Segretario Genernle della
Libera Federazione Italiana
Lovoratori Industric Estrative
Via Po, 21

ROM .

Govornment adviser

Dott. Rosario PURPUR.
Direttore Gonernle =

Ministero del Lavoro

Via Flavia, 6

ROMU

Technical adviser

Dott. Orazio CARDUCCI ARTEMISIO
Ispettore Genernle

del Ministero d¢l Lovoro

¢ della Providenza Socicale

RO M.
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LUXEMBOURG

Government represcentatives

Monsicur .. SCHUSTER

Ingénicur-Directeur du Travail et des Mines
Inspection du Travail et des Mines

19, .venue Gaston Diderich
LUXEMBOURG

Monsieur Léon SUTTOR

Consciller de¢ Légation au
Ministeérc des Affaires Etrangeres
LUXEMBOURG

Employers' representative

Monsieur Albert RAUS
Directeur 3 1'ARBED
LUXEMBOURG

Workers' representative

Monsieur Nicolas M.NNES

Président de 1la Délégation Ouvriére
prés ARBED/MINES

Cité Lecsberg

ESCH~SUR-ALZETTE
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Government representatives

Employe:x

- De Hoogedelgestrenge Heer
Ir. A.H.W. MARTENS
Inspecteur-Generaal der Mijnen
Staatstoezicht op de Mijnen
Apoliclaan ©
HEERLEN (L)

-~ De Hoogedelgestrenge Heer
Drs. D.C. VAN DER HOCFT
Hoofd van de Directie Mijnwezen
Ministerie van Economische Zaken
Bezuidenhcutseweg 30
's - GRAVENHAGE

5' representative

Workers'

- De Hoogedelgestrenge Heer
Ir. C.E.P.M. RAEDTS
Directeur Oranje-Nassau Mijnen
HEERILEN (L)

representative

- De Heer J. PALMEN
Secretaris van de Ned. Katholieke
Mi jnwerkersbond
Schinkelstraat 13
HEERLEN (L)

Technical adviser

70C/2/6% e

~ De Heer H.L. GRCND
Kathclieke Vereniging
van Mijnbeamdten
Schelsberg 202
HEERLERHEIDE (L)
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UNITED KINGDOM

Goverrment representatives

- Mr. A.M. RAKE, C.B.E.
Under Secretary
Safety and Hezlth Division
of the Ministry of Power
7, Milltank
Thames House
L GCNDON S.W. 1

- Mr. H.S. STEPHENSON
Chief Inspector of Mines
Ministry of Power
7, Miilbank
Thames House
L ONDON S.W. 1

Emplcyvers' representative

-~ Dr. H.L. WILLETT
Deputy Director-General of Production
National Coal Board

Hobart House - Grosvenor Place
LONDON S.W. 1

Workers' representative

~ Mr. BULLQCUGH
Vice President of the National Union
of Mineworkers
c¢/o Miners' Cffices
BARNSULEY / Yorkshire

INTERNATIONAL LABOUR ORGANISATION

- Mr. NCRTHCOTT
Division de la Sécurité et de
l'Hygiéne du Travail
GENEVE
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