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Selecting lubricating oil for SABROE compressors

When selecting a lubricating oil for refrige-
rating compressors, bear in mind the type of
refrigerant, the plant's operating tempera-
tures and the compressor type, as shown in
the enclosed selection tables.

The various types of refrigerants in use to-
day influence the properties of the oil used
in refrigeration plant in different ways.

In the following some of the important
general issues have been summarized:

e R717 (ammonia) is only slightly soluble
in oil and consequently does not reduce
the lubricating capacity of the oil. Like-
wise, the miscibility between refrigerant
liquids and oils is poor. Thus, any con-
tent in the refrigeration system of oil
picked up from the compressor will be
separated on the liquid side of the plant.

The so-called halocarbons include the fol-

lowing types:

e CFC - Chlorideflourocarbon (e.g. R12
and R502) contains chloride and be-
cause of its ozone deteriorating effect it
is included in the list of the Montreal
Agreement of substances whose
application is being abandoned.

e HCFC - Hydrogenchlorideflouro-
carbon (e.g. R22) contains chloride as
well as hydrogen which has the effect of
reducing the ozone deteriorating effect
of this substance considerably. It has
recently been included in the Montreal
Agreement in view of its abandonment
over a number of years.

e HFC - Hydrogenfluorocarbon (e.g.
R134a, R404A and R507) does not
contain any chloride and is thus not
limited in its use.

e CFC and HCFC refrigerants are easily
dissolved in most oils for refrigeration
plants which means a reduction in the
lubricating capacity of the oil. In return,
the miscibility with the refrigerant is
good for most oil types, which means
that any oil that might be left in the
refrigeration plant will be taken back to
the compressor with the refrigerant.

e HFC refrigerants, however, are not
soluble to the same degree in the oils
used so far and, consequently, special
lubricating oils are required for plants
using these refrigerants.

The oils are divided into two main groups,
according to their chemical composition,
and provided with an identification code
for their selection.

Fig. 1 is an outline of applicable oil types
with an indication of the size of the visco-
sity index (see its description later on) as
well as their miscibility with halocarbonic
refrigerants.

Miscibility
desig. | Main ol groups V;Scndg?ty oo le(t;l:c -
M | Mineral oil L-M M L -

Synthetic oil |
A | based on Alkyl L H H -
Benzene
Mixture of M
MA | 2nd A oils L-M Hi M| -
Synthetic oil
P based on H L L -
polyaiphaolefin
Mixture of A
AP and P oils M H M -
Mixture of M - -
MP | 3nd P oils M-H ML
Synthetic
E | esterbased M-H H H|M
lubricants
Synthetic oil
G | basedon M-H - - -
polyglycol
L=low +
M = medium Fig. 1
H = high

0170-104-EN .




0170-104-EN

I SABROE '

Below, you will find a description of the Generally, oils based on Alkyl Benzene
most important characteristics of each main have a higher degree of thermal stability
oil group. than mineral oils. This stability is also
an advantage in R717 plants, as the risk
of coke formation will be reduced.
Furthermore, A oils only have a slight
tendency to froth in compressors, which
improves the lubricating quality and
operational stability.

However, please observe that the oil has
strongly purifying qualities. This may
cause the oil filters to clog frequently,

In the table section you will find the oil
products recommended by various oil com-
panies for use in refrigeration plants and
which, on the basis of the information re-
ceived from these oil companies, have been
approved by SABROE.

In case of any doubt as to the suitability of a

certain oil product in a particular refrigera-
tion plant, please, contact the oil company

that supplies this very oil product.

The main oil groups:

M Mineral oils are refined crude oils, of

which Naphtene based oils are best
suited for refrigeration plants.

Oils based on paraffin also occur.
These are deparaffinated during the

refining process and treated in such a

way that they “behave” more or less
like Naphtene based oils.

Mineral oils are characterised by their

relatively low miscibility with CFC/
HCFC at low temperatures.

Oils have been presented which are
produced from crude oil by a special

hydro-treatment, resulting in oils with

improved properties, such as a high

viscosity index, as well as low vapour
pressure, which reduces the oil carry-

Oover.

Hydro-treated mineral oils are coded

with “°M".
A Oils based on Alkylated benzene are

synthetic oils generally extracted from
natural gases and characterised by high

miscibility with CFC/HCFC at low

evaporating temperatures. This makes

them very suitable for CFC/HCFC
plants.

especially on R717 plants, when the
compressor has previously operated
with M oil.

MAis a mixture of mineral and Alkyl

Benzene oils with greater stability and
less tendency to froth than mineral oils.

Oils based on polyalphaolefin are
synthetic oils, with good chemical and
thermal stability. They are, thercfore,
frequently used in compressors opera-
ting at high temperatures, e.g. heat
pumps (please refer to the special
instruction in Capacities entitled
Selecting lubricating oils for heat
pumps).

Polyalphaolefin oil is particularly suited
to R717 plants as it is very resistant to
air present in the plant. Additionally, it
has a low pour point which makes it
suitable for R717 plants with low
evaporating temperatures.
Polyalphaolefin oils have a lower va-
pour pressure than M and A oils: The
amount of oil carried over from the
compressor to the plant with the R717
discharge gas during operation is,
therefore, reduced significantly, thus
giving a markedly reduced oil con-
sumption.

Polyalphaolefin oil and refrigerant mix
poorly in CFC/HCFC refrigeration
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plants with low evaporating tem-

peratures. Thus, we recommend not to
use P oils under such conditions.

A drawback with P oils is the high
Aniline point (see relevant section)
which causes the rubber gasket to
shrink, e.g. O-rings, which can give rise
to leaks if M or A oils are replaced with
P oils. This problem can, however, be
solved by fitting new O-rings of the
same dimensions and quality.

Before changing to P oils, please
consult SABROE Refrigeration.

P and AP oils can only be used for
CMO and TCMO Mk 1 compressors
when the regulating cylinders are
altered. In this instance, we would
recommend that you contact SABROE
Refrigeration.

MP Mixtures of mineral and polyalpha-

olefin oils. They are speciaily suited

to low-temperature R717 plants, where
there is a potential risk of air leaking
into the refrigerant circuit, due to the
higher resistance to oxidation and the
low pour point.

AP Mixtures of alkyl benzene and poly-

alphaolefin synthetic oils have a higher
miscibility with CFC/HCFC than P oils
and are, therefore, better suited to plants
with lower evaporating temperatures
than the relevant P oil.

Furthermore, the Aniline point is
lowered, which minimizes the risk of
leaks at rubber gaskets and O-rings.

Synthetic ester-based lubricants,
mainly of the polyol-ester type. In
contrast to M, A and P oils, Ester
lubricants are partly soluble in the
non-chloride HFC refrigerants.

G

Consequently, E oils constitute the only
main group that can be recommended in
connection with these refrigerants.

E oils may also be used in connection
with CFC/HCFC refrigerants. How-
ever, the greater solubility of these
refrigerants in E oils must be taken into
consideration by selecting an oil with a
higher viscosity than the one recom-
mended for operation with HFC re-
frigerants under the same operating
conditions. A greater tendency of oil
foaming may also occur.

E oils are distinguished by their high
flash point which ensures a low oil
carry over from the compressor unit.
On the other hand, they are hygro-
scopic, i.e. they absorb water when
exposed to the atmosphere. Therefore,
it is important to keep the oil in closed
vessels and to carry out a correct
evacuation of the compressor unit
before oil charging.

On changing the refrigerant from
CFC/HCFC to HFC whereby the oil
charge must also be replaced by an E
oil, it is important to follow the in-
structions of the oil supplier as well as
the indications of the maximum residue
of any other oil in the E oil.

Synthetic oils, based on polyglycol, are
generally extracted from the natural
gases Ethane and Propane, and are
characterised by their low miscibility
with LPG. Polyglycol based oils should
only be used with LPG plants.

G oils should only be used for CMO
and TCMO Mk 1 compressors when the
regulating cylinders have been altered.
In this instance, we recommend that you
contact SABROE Refrigeration.
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Selection tables:

When selecting a suitable oil type for a par-
ticular compressor, please refer to the selec-
tion tables for:

SABROE reciprocating compressors
SABROE screw compressors

A key shows the suitability of the oil to am-
monia, R717. If possible, an oil code no.
depicted as recommended or highly recom-
mended ( ® or A) should be used. This cor-
responds to oils with properties like a min-
eral oil from the viscosity group ISO VG 68
or better.

A similar key has not been drawn up for
CFC/HCEFC refrigerants. Instead, temperatu-
re limits have been noted which indicate the
permitted operating area for each oil type.

When selecting an oil for CFC/HCFC
plants, find an oil code no. with temperature
limits that permit your particular operating
conditions. More than one code no. may be
relevant as there is a certain degree of over-
lapping. We would advise you to select the
oil with the best overall viscosity properties
(see fig. 1). If the columns do not indicate
temperature limits, then the relevant
SABROE code no. can not be used.

Use the list of oil companies (listed alpha-
betically), to find an oil type and supplier
which correspond to the SABROE code
number that has been determined. A similar
list for SABROE LPG compressors is also
shown.

Please contact SABROE Refrigeration for
information regarding the use of oils sup-
plied by companies not listed.

The list of refrigeration oils
is characterised by the following properties,
according to international standards:

1«]
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Specific gravity

The specific gravity is significant when se-
lecting an oil type. For example, an Alkyl
Benzene oil is lighter and oils based on -
polyglycol heavier than mineral oils.

A mineral oil with increased paraffin con-
tent will have a lower specific gravity than
an oil based on naphtene. The measuring
method refers to ASTM D 1298 and DIN
51757.

Viscosity

According to the international standard ISO
3448, lubricating oils are classified in vis-
cosity groups which are given an ISO VG
no. To qualify for an ISO VG no. the oils
viscosity (cSt — Centistoke) should lie be-
tween the two values shown in table 2 at
+40°C. l.e. the viscosity, at +40°C, for an
ISO VG 68 oil will be between 61.2 and
74.8 cSt.

In the table, oils outside of the ISO VG
groups are given the two ISO VG numbers
within which they naturally fall.

The viscosity is determined according to
ASTM D 445 and DIN 51562 and is stated

at both +40°C as well as +100°C .

ISO VG: ViscosityRange

No. - KinematiccStat+40 C. .

15 135 - 165

2 198 - 242

32 288 - 352

46 414 - 506

68 812 - 748

100 900 - 1100

150 136.0 - 165.0

220 198.0 - 242.0

320 288.0 - 352.0

460 4140 - 506.0

Fig. 2

Viscosity Index

Viscosity index (V1) is the technical term to
indicate how the viscosity of the oil changes
when the temperature changes.
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Viscosity index is prescribed in ISO 2909
and ASTM D 2270 and shows, in principal,
that a high V| indicates smaller viscosity
changes under temperature changes
compared to a lower V.

Flash point

States the temperature at which the oil
vapour from an open, heated vessel can be
ignited by a flame.

The method of measuring this is prescribed
in ASTM D92-57, COC (Cleveland Open
Cup) and in ISO 2592.

Flash point is used to determine the oils
suitability at high temperatures.

Oils with a high flash point have a low
vapour pressure. This improves the pos-
sibility of separating the oil from the dis-
charge gas in the oil separator, and thereby
reducing the oil carry-over from the com-
pressor to the plant. This can be utilized
with advantage in R717 plants.

Pour point

States the temperature at which the oil
stiffens and doesn’t move for five seconds
when the vessel holding the cooled oil is
laid down. According to the norm, the
pour point temperature is 3°C lower than
the measured temperature. This method of
measuring is prescribed in ASTM D97-66
and in ISO 3016.

The pour point is particularly interesting in
relation to oils used in R717 plants, as oils
with a low pour point are easier to drain
from the plants low pressure side.

It is usually possible to use oils at evapora-
ting temperatures lower than the pour point
shown in the selection table, without cau-
sing operational problems.

To reduce oil carry-over from compressor to
plant in R717 plants with evaporating tem-
peratures lower than -40°C, we would re-

I|

0170-104-EN

commend the use of a more effective oil
separator or a P or AP oil.

Floc point .
States the temperature at which R12 liquid,
when mixed with 10% of the relevant oil,
becomes cloudy with wax particles which
have separated from the oil, when cooled.

The method of measuring this is prescribed
in ASHRAE 86-76 and DIN 51351.

The floc point is particularly important
when oils and refrigerants are likely to mix,
e.g. in CFC/HCEFC refrigeration plants.

A low floc point indicates that the oil has a
low wax content and is, therefore, particu-
larly suited for CFC/HCFC plants with low
evaporating temperature. When the wax is
separated from the oil, problems may occur
with expansion and regulating valves be-
coming blocked.

For E oils, a critical solution temperature
is indicated, measured on a mixture of 10%
of the oil present and 90% R134a and which
constitutes the lowest temperature by which
the oil is completely dissolved in the refri-
gerant. This information corresponds to the
indications from the oil companies as there
are yet no standard specifications for the
measuring of this value.

Colour no.

This is a phrase used to describe the oils
translucency using a particular source of
light. The translucency is graded in com-
parison with coloured glass: 0,5 being the
lightest colour and 8,0 the darkest. “L” in
connection with the degree of translucency
indicates that the oil is slightly lighter than
the colour stated.

The method of measuring is prescribed in
ASTM D1500 and ISO 2049. Refrigeration
machine oils are normally very light in co-
lour.
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Aniline point

States the temperatures in degrees Celsius at
which the relevant oil can become an homo-
genous mixture with pure aniline.

The aniline point is the measure of the
quantity of non-saturated carbon which can
be found in the oil, and which is of signifi-
cance in determining the oil’s compatibility
with the various rubbers with which it will
come into contact.

The method of measuring is prescribed in
ASTM D611 and ISO 3977.

As the majority of refrigeration machine
oils have a very low aniline point, the neo-
prene rubber becomes swollen without
being dissolved or affecting the size. There-
fore, rubber gaskets, e.g. O-rings, may have
to be replaced after dismantling.

P oils have a high aniline point and there-
fore affect the neoprene rubber in such a
way that it shrinks (please refer to the pas-
sage on P oils).

Neutralization no.

Indicates the acid content of the oil and is
measured by titrating kaliumhydroxide
(KOH) to the oil sample. The value is given
in mg KOH pr. 1 gram of oil sample.

The method of measuring is prescribed in
ASTM D974 and DIN 51558.
Refrigeration oil generally has, due to the
high refinement, a low neutralization no.
For used oils, the neutralization number
is stated as TAN (Total Acid Number) in
accordance with the standard stated above.
The number indicates the content of acid
components in the oil, e.g. oxidizing prod-
ucts which are active in decomposing the
oil.

1«]
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Changing the oil in SABROE

compressors.

The brand or quality of oil should not be .
changed without first consulting SABROE,
and it is not advisable to recharge the com-
pressor with an oil other than that specified
for the particular plant.

In either instance, operational problems may
occur in the refrigeration unit and the com-
pressor itself may become unduly wom as a
result of poor compatibility between differ-
ent oil types, or due to the various oils’ abi-
lity to dissolve or decompose oil residue in
the compressor and oil separator.

The dissolved oil residue may block the fil-
ter or prevent movement in the compressor.

If it is necessary to change to a different
type or brand of oil, it is absolutely neces-
sary to drain the refrigeration plant of any
old oil and clean the compressor and oil
separator. Please also refer to the section
on P oils.

Oil used must be taken from an original
container, and the manufacturer and type of
oil must be in accordance with the specifica-
tion for the particular refrigeration plant.

The container must be air tight and stored so
that moisture from the atmosphere is not
absorbed by the oil. It is therefore, advisable
to purchase the oil in containers of a size
suitable for one, or at the most, two charges.
If a container is not completely emptied,
store the remaining oil in a suitably warm
place.

The compressor instruction manual will
advise how frequently the oil should be
changed.
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