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EMULSION – a mechanical mixture of two mutually insoluble liquids (such as
oil and water). Emulsification may or may not be desirable, depending on 
circumstances. Soluble cutting oils are designed with an emulsifier to maintain a
stable emulsion of oil and water for lubricating and cooling machining operations.

EP AGENT – an additive to improve the extreme pressure properties of a
lubricant. (see BOUNDARY LUBRICATION)

FIRE POINT – (see FLASH POINT)

FLASH POINT – minimum temperature of a petroleum product or other 
combustible fluid at which vapour is produced at a rate sufficient to yield a
combustible mixture. Specifically, it is the lowest sample temperature at which
the air vapour mixture will “flash” in the presence of a small flame. Flash point
may be determined by the following ASTM Methods: CLOSED CUP (covered
sample container): D93 “Flash Point by Pensky-Martens Closed Test” for fuel
oils – also for cutback asphalts and other viscous materials and suspensions
of solids: OPEN CUP (uncovered sample container): D92 “Flash and Fire
Points by Cleveland Open Cup: for lubricating oils. As indicated, this last
method provides also for the determination of a FIRE POINT. Fire point is the
minimum sample temperature at which vapour is produced at a sufficient rate
to sustain combustion. Specifically, it is the lowest sample temperature at
which the ignited vapour persists in burning for at least 5 seconds. Since the
fire points of commercial petroleum oils ordinarily run about 30°C above the
corresponding flash point, they are often omitted from petroleum product data.
Flash and fire points have obvious safety connotations – the higher the test
temperature the less the hazard of fire or explosion. Of comparable
significance, however, is their value in providing a simple indication of volatility,
where a lower flash point denotes a more volatile material. The dilution of a
crankcase oil with fuel, for example, lowers the flash point. Flash and fire
points should not be confused with AUTO-IGNITION TEMPERATURE, the
temperature at which combustion occurs spontaneously (without an external
source of ignition).

FOAM INHIBITOR – an additive which causes foam to dissipate more rapidly.
It promotes the combination of small bubbles into large bubbles which burst
more easily.

FOUR BALL TESTS – two test procedures based on the same principle – the
Four-Ball EP Test (ASTM D2596) and Four-Ball Wear Test (ASTM D2266).
The three lower balls are clamped together to form a cradle upon which the
fourth ball rotates in a vertical axis. The balls are immersed in the lubricant
under investigation. The FOUR BALL WEAR TEST is used to determine the
relative wear-preventing properties of lubricants operating under boundary
lubrication conditions. The test is carried out at a specified speed,
temperature, and load. At the end of a specified period, the average diameter
of the wear scar on the three lower balls is reported. The FOUR-BALL EP
TEST is designed to evaluate performance under much higher unit loads. In
this test the top ball is rotated at a specified speed (1700±60 rpm), but
temperature is not controlled. The loading is increased at specified intervals
until the rotating ball seizes and welds to the other balls. At the end of each
interval the average scar diameter is recorded. Two values are generally
reported – LOAD WEAR INDEX (formerly mean Hertz load) and WELD
POINT.

GLOSSARY OF TERMS
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HYDROCRACKING – is a process, which is used by a few manufacturers of
superior quality lubricant basestock. In the process, a petroleum feedstock is
reacted with hydrogen, in the presence of a catalyst, at very high temperatures
(400-425°C) and pressures (3000 plus psi). Under these severe conditions, 
virtually all the aromatic hydrocarbons present are isomerized and saturated to
yield a basestock containing 96% to 99.5+% saturated hydrocarbons. The 
process also virtually eliminates all traces of sulphur, nitrogen and oxygen-
containing impurities. Hydrocracking produces very high quality, synthetic-like
basestocks, which when blended with carefully selected additives, give
extremely stable lubricants of a synthetic level performance.

HYDROFINISHING – (see HYDROTREATING)

HYDROISOMERIZATON – the HydroIsomerization process employs a special
catalyst which selectively isomerize wax molecules to isoparaffinic lube oils.
The process produces base stocks with higher NIs (Viscosity Index) and
improved low temperature fluidity, compared to stocks produced with low
conventinal dewaxing. This process can also be utilized to produce selected
base oils with VIs approaching 130 and performance characteristics very
similar to synthetic lubricants such as poly-alpha-olefins (PAO).

HYDROTREATING – a generic name for a refinery process for treating fuels
and lubricant feedstocks, at elevated temperatures, in the presence of
pressurized hydrogen and a catalyst. This relatively mild process, is
sometimes called “Hydrofinishing” and is used to improve the colour and
odour of fuels and lubricant basestocks.

HYDRODYNAMIC LUBRICATION – a lubrication regime characterized by a
full fluid film between two moving surfaces. The most common example is the
type of lubrication which occurs in oil lubricated journal bearings. The
movement of one surface (the shaft or journal) “pulls” lubricating oil into the
space between the journal and the bearing. This action develops a high
pressure in the fluid which completely separates the two surfaces. By contrast,
in boundary lubrication there is only a partial fluid film separating the two
surfaces and some surface-to-surface contact occurs.

INHIBITOR – additive for the control of an undesirable phenomenon in grease,
oils, or fuels, etc., for example: oxidation inhibitors, rust inhibitors, foam
inhibitors, etc.

ISO – (International Organization for Standardization) – an organization which
establishes internationally recognized standards for products and test methods.
One example is the ISO Viscosity Grade system for industrial oils.

NEUT NUMBER – or NEUTRALIZATION NUMBER: the specific quantity of
reagent required to “neutralize” the acidity or alkalinity of a lube oil sample.
Either of these characteristics – acidity or alkalinity – may be exhibited by an
unused oil, depending on its composition. In addition, certain additives impart
acidity, while alkalinity may be derived from the presence of detergents or of
basic material added to control oxidation. In service, the oil will, in time, show
increasing acidity as the result of oxidation and, in some cases, additive
depletion. Though acidity is not, of itself, necessarily harmful, an increase in
acidity may be indicative of oil deterioration, and neut number is widely used to
evaluate the condition of an oil in service. The most common measurement is
ACID NUMBER, the specific quantity of KOH (potassium hydroxide) required to
counterbalance the acid characteristics. How high an acid number can be 
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tolerated depends on the oil and the service conditions; and only broad
experience with the individual situation can determine such a value. Neut
number is determined in accordance with the ASTM Method D664 or D974.
The former is a potentiometric method, the latter, colorimetric. Values for
TOTAL ACID, STRONG ACID, TOTAL BASE, and STRONG BASE can, where
they exist, be obtained. Strong acid numbers are considered to be related to 
inorganic acids, such as those derived from sulphur, while the difference
between the total and strong acid numbers is attributed to weak acids – 
possibly the products of  oxidation. A total acid number (TAN) and a total base
number (TBN) can exist simultaneously, both components too weak to
completely neutralize the other. When results are reported simply as “neut
number” or “acid number”, a TOTAL ACID NUMBER (TAN) is implied.

OXIDATION – A form of chemical deterioration to which petroleum products –
like most other organic materials – are subject. The resistance of many
petroleum products to oxidation, however, is very high. Oxidation usually
involves the addition of oxygen atoms, and the result is nearly always one of
degradation. It is accelerated by higher temperatures, the reaction becoming
significant at temperatures above 70°C. For every 10°C rise, the rate of
oxidation essentially doubles. Oxidation is also promoted by the presence of
catalytic metals, copper being particularly active in this latter respect. What is
more, the peroxides that are the initial products of oxidation are themselves
oxidizing agents. So the oxidation of petroleum products is a chain reaction;
the farther it progresses, the more rapid it becomes. With fuels and lube oils,
oxidation produces sludges, varnishes, gums, and acids, all of which are
undesirable. Nevertheless, many oils, such as turbine oils, give years of
service without need for replacement. Petroleum products that require a long
service or storage life can be formulated to meet requirements by: 1. proper
selection of crude type. Paraffinic oils are noted for natural resistance to
oxidation: 2. thorough refining, which removes oxidation-susceptible materials
and allows greater response to inhibitor; 3. addition of oxidation inhibitors.
Long service is also promoted by good maintenance practices – filtration,
centrifuging, or other means of controlling contamination; limiting duration or
intensity of high 
temperatures; eliminating the presence of air and of catalytic metals. For
information on determining the degree of deterioration sustained by a used
oil and hence, its suitability for further service, see NEUT NUMBER.

OXIDATION INHIBITOR – chemical added in small quantities to a petroleum
product to increase its oxidation resistance and hence to lengthen its service
or storage life. An oxidation inhibitor may combine with the peroxides formed
initially by oxidation, thereby modifying them in such a way as to arrest their
oxidizing influence. Or the inhibitor (a passivator) may react with a catalyst
either to “poison” it or to coat it with an inert film.

POISE – CGS unit of absolute viscosity: shear stress (in dynes per square
centimeter) required to move one layer of fluid along another over a total layer
thickness of one centimeter at a shear rate of one centimeter per second.
Dimensions are dyne-sec/cm2. The CENTIPOISE (cP) is 1/100 of a poise and
is the unit of absolute viscosity most commonly used. Whereas ordinary
viscosity measurements depend on the force of gravity on the fluid to supply
the shear stress and are thus subject to distortion by differences in fluid
density, ABSOLUTE VISCOSITY measurements are independent of density
and are directly related to resistance to flow. (See also VISCOSITY.)

GLOSSARY OF TERMS
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POUR POINT – is a widely used low-temperature flow indicator and is 3°C
above the temperature to which a normally liquid petroleum product maintains
fluidity. It is a significant factor in cold-weather start-up, but must be
considered along with pumpability, the ease with which an oil pumps at low
temperatures. Paraffinic oils contain wax which forms a honeycomb of crystals
at low temperatures near the pour point. However, agitation by a pump breaks
down this wax structure and allows paraffinic oil to be pumped at
temperatures well below their pour point. Naphthenic oils, on the other hand,
contain little or no wax and reach their pour point through increase in viscosity:
they cannot be pumped readily near the pour point. ASTM D97 is used to
determine pour point. ASTM D97 also provides for the determination of
CLOUD POINT, the lowest temperature at which the sample becomes clouded
by the formation of wax crystals. Clouding is a characteristic only of paraffinic
oils. It is a consideration in the evaluation of fuels whose filtration might be
impaired by the plugging effect of wax crystals.

RUST INHIBITOR – a lubricant additive for protecting ferrous (iron and steel)
components from rusting caused by water contamination or other harmful
materials from oil degradation. Some rust inhibitors operate similarly to
corrosion inhibitors by reacting chemically to form an inert film on metal
surfaces. Other rust inhibitors absorb water by incorporating it into water-in-oil
emulsion so that only the oil touches the metal surfaces.

SCUFFING – engine wear resulting from the localized welding and fracture of
rubbing surfaces.

SOLVENT EXTRACTION – a traditional refinery process that is used to
upgrade chemical and physical properties in the manufacture of lube oil 
basestocks. The process relies on the solubility of impurities (especially 
aromatic components that may also contain sulphur and nitrogen) in an
extractive solvent, usually furfural or phenol. The by-product of this process is
highly aromatic EXTRACT, used to make EXTENDER oils, and as feed for
other refinery processes.

STLE – (Society of Tribologists and Lubrication Engineers) – formerly known
as ASLE.

SULPHATED ASH – (see ASH)

SYNTHETIC LUBRICANTS - lubricants manufactured by a process, where a
chemical conversion or transformation of one complex mixture of molecules into
another complex mixture takes place.  A simple purification or physical
separation process, such as distillation or freezing,  does not constitute a
synthesis.

Common types of synthetic base oil include:
• Polyalpha olefins
• Hydrocracked/HydroIsomerized Unconventional Base Oils (UCBOs)
• Organic esters
• Polyglycols

Synthetic lubricants can exhibit one or more of the following advantages over
conventional mineral oils:

• Excellent low temperature fluidity
• Low pour point
• High natural viscosity index
• Outstanding oxidation stability
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• High flash and auto-ignition points 
• Low volatility
• Non-toxic

Synthetic lubricants have been used for some time in applications such as jet
engine lubricants, arctic lubricants and fire resistant hydraulic fluids. They are
now starting to replace conventional mineral oils in a number of applications,
where one or more of the above properties are required. Despite their higher
price, synthetics offer operating advantages that can make them more 
economical in the long run. For example - reduced oil consumption, longer oil
life, improved fuel economy and easier starting at low temperatures.

TIMKEN OK LOAD – measure of the extreme pressure properties of a
lubricant. Lubricated by the product under investigation, a standard steel roller
rotates against a block. Timken OK load is the heaviest load that can be
carried without scoring.

TOTAL BASE NUMBER – (see NEUT NUMBER)

VISCOSITY – measure of a fluid’s resistance to flow. It is ordinarily expressed
in terms of the time required for a standard quantity of the fluid at a certain
temperature to flow through a standard orifice. The higher the value, the more
viscous the fluid. Since viscosity varies inversely with temperature, its value is
meaningless unless accompanied by the temperature at which it is determined.
With petroleum oils, viscosity is now commonly reported in CENTISTOKES
(cSt), measured at either 40°C or 100°C (ASTM Method D445 – Kinematic
Viscosity). An earlier method for reporting viscosity in North America was in
Saybolt Seconds Universal – SSU or SUS – or, for very viscous oils, in Saybolt
Seconds Furol – SSF (ASTM Method D88). Other less common viscosity units
are the ENGLER and REDWOOD scales, principally used in Europe. (See
also BROOKFIELD VISCOSITY, POISE.)

VISCOSITY INDEX (V.l.) – an indicator of the rate of change of viscosity with
temperature. This change is common to all non-reactive fluids – some more,
some less. Heating tends to make them thinner – cooling, thicker. The higher
the V.l., the less the tendency for the viscosity to change. V.l. is determined by
formula from the viscosities at 40°C and 100°C in accordance with the ASTM
Test Method D567 or D2270. The latter test is required for V.l.’s above 100.
High V.l. oils are often preferred for service in which a relatively constant 
viscosity is desired under conditions of varying temperature. Some hydraulic
systems require this property. Paraffinic oils are inherently high in V.l., and the
V.l. of any petroleum oil can be increased by the addition of a V.l. improver.
Naphthenic oils are inherently low in V.l. and aromatic oils are still lower –
often having negative numbers.

VOLATILITY – that property of a liquid that defines its evaporation 
characteristics. Of two liquids, the more volatile will boil at a lower 
temperature, and it will evaporate faster when both liquids are at the same
temperature. The volatility of petroleum products can be evaluated by tests 
for FLASH POINT, VAPOUR PRESSURE, DISTILLATION, and 
EVAPORATION RATE.

GLOSSARY OF TERMS



192

HANDY CONVERSION CHARTS AND TABLES
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VISCOSITY GUIDE

TABLE OF LIMITS

Maximum Viscosities
Centistokes (Normally At Start-Up)

22,000 Probably maximum pouring viscosity.
11,000 Probably maximum for splash or bath lubrication.
8,600 Barely pumpable by gear or piston pump – too heavy to be

serviceable.
2,200 Upper limit for an automatic oil lubricator.
2,200 Upper limit for circulation system (good practice).
2,200 Upper limit for an oil constituent of a grease for dispensing.
1,000 Ring or rolling element bearings.

860 Hydraulic Vane Pumps @ start-up temperature – to prevent
cavitation and wear.

860 Fuel oil for good pumpability and atomizing.
220 Oil mist generators without heat at minimum operating

temperature.
220 Hydraulic-piston pump – start-up temperature – to prevent

wear.
54 Hydraulic Systems at operating fluid temperature.

Minimum Viscosities
Centistokes (At Operating Temperature)

33 For gear lubrication.
30 For a gear pump.
21 Spherical roller bearings.
13 Other rolling element bearings.
13 Hydraulic systems to prevent excessive pump wear and

slippage.
13 Plain bearings.
4 Minimum viscosity to support a dynamic load.

OPTIMUM VISCOSITIES

The optimum viscosity is the ideal allowable at the operating temperature.

Centistokes
25 Hydraulic systems
30 Plain Bearings
40 Spur & Helical Gears (e.g. ISO-VG 150 @ 60°C)
75 Worm Gears (e.g. 460 @ 75°C)

9 9
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VISCOSITY GUIDE

TABLE OF LIMITS

Maximum Viscosities
Centistokes (Normally At Start-Up)

22,000 Probably maximum pouring viscosity.
11,000 Probably maximum for splash or bath lubrication.
8,600 Barely pumpable by gear or piston pump – too heavy to be

serviceable.
2,200 Upper limit for an automatic oil lubricator.
2,200 Upper limit for circulation system (good practice).
2,200 Upper limit for an oil constituent of a grease for dispensing.
1,000 Ring or rolling element bearings.

860 Hydraulic Vane Pumps @ start-up temperature – to prevent
cavitation and wear.

860 Fuel oil for good pumpability and atomizing.
220 Oil mist generators without heat at minimum operating

temperature.
220 Hydraulic-piston pump – start-up temperature – to prevent

wear.
54 Hydraulic Systems at operating fluid temperature.

Minimum Viscosities
Centistokes (At Operating Temperature)

33 For gear lubrication.
30 For a gear pump.
21 Spherical roller bearings.
13 Other rolling element bearings.
13 Hydraulic systems to prevent excessive pump wear and

slippage.
13 Plain bearings.
4 Minimum viscosity to support a dynamic load.

OPTIMUM VISCOSITIES

The optimum viscosity is the ideal allowable at the operating temperature.

Centistokes
25 Hydraulic systems
30 Plain Bearings
40 Spur & Helical Gears (e.g. ISO-VG 150 @ 60°C)
75 Worm Gears (e.g. 460 @ 75°C)
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TO USE:

Place straight edge at equal centistoke values on both
Kinematic scales.

All viscosities on each scale will be equivalent for the
same temperature.

To extend scale ranges to higher viscosities utilize powers of
10 in these scales between the 100 and 1000 divisions on
the Kinematic scale,

i.e. 3000 centistokes = 300 cSt x 10
and is approximately equivalent to
1400 x 10 = 14000 SUS.
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ASTM BLENDING CHART – CENTISTOKES

ASTM TWO BASE OIL BLENDING CHART – CENTIISTOKES
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Example: Two Base Oil Blending

Determine the relative viscosities, at a common temperature, of
the two base oils to be blended.

i.e. 80 Neutral         15 cSt @ 40°C 
160 Neutral         35 cSt @ 40°C

Locate these viscosities on the appropriate sides of the chart
and join them with a straight line. From this chart and the line,
you can:

1. Determine blend percentages to give a desired viscosity by
reading down from intersection point of line and desired 
viscosity. In our example, if plotted, we could obtain 20 cSt 
@ 40°C oil with a 60/40 blend of the two base oils.

2. Determine the viscosity of a blended base oil if the volume 
percentages of the two base oils are known. Simply read up
from the volume percentages point to the line and read
across to the viscosity.
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API GRAVITIES AND DENSITIES 

Note: All conversions are at 15.6°C (60°F)

API Density API Density
Gravity (kg/L) Gravity (kg/L)

0 1.074 21 0.926

1 1.066 22 0.920

2 1.058 23 0.914

3 1.050 24 0.908

4 1.042 25 0.902

5 1.034 26 0.896

6 1.027 27 0.891

7 1.020 28 0.885

8 1.012 29 0.880

9 1.005 30 0.874

10 0.998 31 0.869

11 0.991 32 0.864

12 0.984 33 0.858

13 0.977 34 0.853

14 0.970 35 0.848

15 0.964 36 0.843

16 0.957 37 0.838

17 0.951 38 0.833

18 0.944 39 0.828

19 0.938 40 0.823

20 0.932 41 0.818
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APPROXIMATE COLOUR SCALE EQUIVALENTS

ASTM Colour Union (N.P.A.) N.P.A. Colour
D 1500 Colorimeter Descriptions

ASTM D 155

0 — Standard White
0.5 1 Lily White
1.0 11/2 Cream White
1.5 13/4 —
2.0 2 Extra Pale
2.5 21/2 Extra Pale Lemon
3.0 3 Lemon Pale
3.5 31/2 Extra Orange Pale
4.0 4 Orange Pale
4.5 41/2 —
5.0 5 Pale
5.5 51/2 Light Red
6.0 6 —
6.5 61/2 Dark Red
7.0 7 Claret Red
7.5 71/2 —
8.0 8 —

VAPOUR PRESSURE OF LUBRICATING OIL

The vapour pressure of lubricating oil is very low and except for certain low
vacuum or very high temperature applications, is not a limiting factor in typical
lubrication practice. The data below were obtained by extrapolating the boiling
points, at several reduced pressures, for three common viscosity grades of
lube oil.  

Oil Viscosity 30-35 cSt 65-70 cSt 80-85cSt 
@ 40°C 150 SUS 300 SUS 400 SUS

Oil Temp Vapour Pressure, millimetres of Mercury
°C
40 0.00004 0.0000005 0.00000025
60 0.0003 0.000007 0.0000027
90 0.002 0.00008 0.000035

120 0.015 0.0009 0.0004
150 0.11 0.011 0.005
180 0.8 0.12 0.055
230 5.8 1.5 0.7
290 35 15 7.4
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TEMPERATURE CONVERSION TABLE

°F � ° C 

What is the ° C equivalent of 100°F?

Look at 100 in the middle column.
To the left, in the °C column, is the equivalent 37.8°C.

°C � °F 
What is the °F equivalent of 50°C?

Look at 50 in the middle column.
To the right, in the °F column, is the equivalent 122.0°F.

To From To To From To To From To
°C °T °F °C °T °F °C °T °F
–40.0 –40 –40.0 6.7 44 111.2 53.3 128 262.4
–38.9 –38 –36.4 7.8 46 114.8 54.4 130 266.0
–37.8 –36 –32.8 8.9 48 118.4 55.6 132 269.6
–36.7 –34 –29.2 10.0 50 122.0 56.7 134 273.2
–35.6 –32 –25.6 11.1 52 125.6 57.8 136 276.8
–34.4 –30 –22.0 12.2 54 129.2 58.9 138 280.4
–33.3 –28 –18.4 13.3 56 132.8 60.0 140 284.0
–32.2 –26 –14.8 14.4 58 136.4 61.1 142 287.6
–31.1 –24 –11.2 15.6 60 140.0 62.2 144 291.2
–30.0 –22 –7.6 16.7 62 143.6 63.3 146 294.8
–28.9 –20 –4.0 17.8 64 147.2 64.4 148 298.4
–27.8 –18 –0.4 18.9 66 150.8 65.6 150 302.0
–26.7 –16 +3.2 20.0 68 154.4 66.7 152 305.6
–25.6 –14 6.8 21.1 70 158.0 67.8 154 309.2
–24.4 –12 10.4 22.2 72 161.6 68.9 156 312.8
–23.3 –10 14.0 23.3 74 165.2 70.0 158 316.4
–22.2 –8 17.6 24.4 76 168.8 71.1 160 320.0
–21.1 –6 21.2 25.6 78 172.4 72.2 162 323.6
–20.0 –4 24.8 26.7 80 176.0 73.3 164 327.2
–18.9 –2 28.4 27.8 82 179.6 74.4 166 330.8
–17.8 0 32.0 28.9 84 183.2 75.6 168 334.4
–16.7 + 2 35.6 30.0 86 186.8 76.7 170 338.0
–15.6 4 39.2 31.1 88 190.4 77.8 172 341.6
–14.4 6 42.8 32.2 90 194.0 78.9 174 345.2
–13.3 8 46.4 33.3 92 197.6 80.0 176 348.8
–12.2 10 50.0 34.4 94 201.2 81.1 178 352.4
–11.1 12 53.6 35.6 96 204.8 82.2 180 356.0
–10.0 14 57.2 36.7 98 208.4 83.3 182 359.6
–8.9 16 60.8 37.8 100 212.0 84.4 184 363.2
–7.8 18 64.4 38.9 102 215.6 85.6 186 366.8
–6.7 20 68.0 40.0 104 219.2 86.7 188 370.4
–5.6 22 71.6 41.1 106 222.8 87.8 190 374.0
–4.4 24 75.2 42.2 108 226.4 88.9 192 377.6
–3.3 26 78.8 43.3 110 230.0 90.0 194 381.2
–2.2 28 82.4 44.4 112 233.6 91.1 196 384.8
–1.1 30 86.0 45.6 114 237.2 92.2 198 388.4
0 32 89.6 46.7 116 240.8 93.3 200 392.0

+1.1 34 93.2 47.8 118 244.4 94.4 202 395.6
2.2 36 96.8 48.9 120 248.0 95.6 204 399.2
3.3 38 100.4 50.0 122 251.6 96.7 206 402.8
4.4 40 104.0 51.1 124 255.2 97.8 208 406.4
5.6 42 107.6 52.2 126 258.8 98.9 210 410.0
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TEMPERATURE CONVERSION TABLE

°F � ° C 

What is the ° C equivalent of 100°F?

Look at 100 in the middle column.
To the left, in the °C column, is the equivalent 37.8°C.

°C � °F 
What is the °F equivalent of 50°C?

Look at 50 in the middle column.
To the right, in the °F column, is the equivalent 122.0°F.

To From To To From To To From To
°C °T °F °C °T °F °C °T °F
100.0 212 413.6 248.9 480 896 482.2 900 1652
101.1 214 417.2 254.4 490 914 487.8 910 1670
102.2 216 420.8 260.0 500 932 493.3 920 1688
103.3 218 424.4 265.6 510 950 498.9 930 1706
104.4 220 428.0 271.1 520 968 504.4 940 1724
105.6 222 431.6 276.7 530 986 510.0 950 1742
106.7 224 435.2 282.2 540 1004 515.6 960 1760
107.8 226 438.8 287.8 550 1022 521.1 970 1778
108.9 228 442.4 293.3 560 1040 526.7 980 1796
110.0 230 446.0 298.9 570 1058 532.2 990 1814
111.1 232 449.6 304.4 580 1076 537.7 1000 1832
112.2 234 453.2 310.0 590 1094
113.3 236 456.8 315.6 600 1112
114.4 238 460.0 321.1 610 1130
115.6 240 464.0 326.7 620 1148
116.7 242 467.6 332.2 630 1166
117.8 244 471.2 337.8 640 1184
118.9 246 474.8 343.3 650 1202
120.0 248 478.4 348.9 660 1220
121.1 250 482.0 354.4 670 1238
126.7 260 500 360.0 680 1256
132.2 270 518 365.6 690 1274
137.8 280 536 371.1 700 1292
143.3 290 554 376.7 710 1310
148.9 300 572 382.2 720 1328
154.4 310 590 387.8 730 1346
160.0 320 608 393.3 740 1364
165.6 330 626 398.9 750 1382
171.1 340 644 404.4 760 1400
176.7 350 662 410.0 770 1418
182.2 360 680 415.6 780 1436
187.8 370 698 421.1 790 1454
193.3 380 716 426.8 800 1472
198.9 390 734 432.2 810 1490
204.4 400 752 437.8 820 1508
210.0 410 770 443.3 830 1526
215.6 420 788 448.9 840 1544
221.1 430 806 454.4 850 1562
226.7 440 824 460.0 860 1580
232.2 450 842 465.6 870 1598
237.8 460 860 471.1 880 1616
243.3 470 878 476.7 890 1634
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COMMONLY USED CONVERSION FACTORS

To Convert From To Multiply by

Atmospheres cm of mercury (0°C) 76

Atmospheres feet of water (39.2°F) 33.899

Atmospheres grams/sq cm 1033.3

Atmospheres inches of mercury (32°F) 29.921

Atmospheres kg/sq meter 10333

Atmospheres mm of mercury 760

Atmospheres pounds/sq ft 2116.32

Atmospheres pounds/sq inch 14.696

Barrels, oil gallon (US) 42

Barrels (API) meter3 0.1590

Btu (60°F/15.56°C) joule 1055

Btu/minute horsepower 0.0236

Btu/pound calories/gram 0.5555

Calories (mean) joule 4.190

Calories/gram Btu/pound 1.8

Centimeters feet 0.0328

Centimeters inches 0.3937

Centimeters yards 0.0109

Centimeters/second feet/minute 1.9685

Centimeters/second meter/minute 0.6

Centimeters/second miles/hour 0.0223

Centipoises newton-second/meter2 1.000 x 10-3

Centistokes meter2/second 1.000 x 10-6

Cheval-vapeurs (C.V.) horsepower 0.9863

Cubic centimeters cubic inches 0.0610

Cubic centimeters gallons (British) 0.00022

Cubic centimeters gallons (US) 0.00026

Cubic centimeters ounces (British, fluid) 0.0351

Cubic centimeters ounces (US, fluid) 0.0338

Cubic centimeters quarts(British,liquid) 0.00088

Cubic centimeters quarts (US, liquid) 0.00105

Cubic feet cubic centimeters 28317

Cubic feet cubic inches 1728

Cubic feet cubic yards 0.0370

Cubic feet gallons (British) 6.2288

Cubic feet gallons (US) 7.4805

Cubic feet litres 28.3162
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COMMONLY USED CONVERSION FACTORS (continued)

To Convert From To Multiply by

Cu ft of water (60°F) pounds 62.37

Cubic inches cubic cm 16.3872

Cubic inches gallons (British) 0.0036

Cubic inches gallons (US) 0.0043

Cubic inches litres 0.0164

Cubic meters cubic feet 35.314

Cubic meters cubic yards 1.3079

Cubic meters gallons (British) 219.969

Cubic meters gallons (US) 264.173

Degrees (F) degree kelvin tk = (t, + 459.67)/1.8

Degrees (C) degree kelvin tk = (tc + 273.15)

Dynes newton 1.000 x 10-fi

Fathoms feet 6

Feet meters 0.3048

Feet of water (39.2°F) atmospheres 0.0295

Feet of water (39.2°F) inches of mercury (32° F) 0.8826

Feet of water (39.2°F) kg/sq meter 304.79

Feet of water (39.2°F) pounds/sq ft 62.427

Feet of water (39.2°F) pounds/sq inch 0.4335

Feet/minute kilometers/hour 0.0183

Feet/minute meters/second 0.0050

Feet/minute miles/hour 0.0114

Foot pounds/minute horsepower 0.0000303

Gallons (British) cubic cm 4546.08

Gallons (British) cubic ft 0.1605

Gallons (British) cubic inches 277.418

Gallons (British) gallons (US) 1.2009

Gallons (British) litres 4.5459

Gallons (British) meter3 4.546 x 10-3

Gallons (British) pounds of water (62°F) 10

Gallons (Imperial) see Gallons (British)

Gallons (US) cubic cm 3785.434

Gallons (US) cubic ft 0.1337

Gallons (US) cubic inches 231

Gallons (US) gallons (British) 0.8327

Gallons (US) litres 3.7854

Gallons (US) meter3 3.785 x 10-3



9
202

HANDY CONVERSION CHARTS AND TABLES

COMMONLY USED CONVERSION FACTORS (continued)

To Convert From To Multiply by

Gallons (US) pounds of water (60°F) 8.3370

Gallons (US)/minute cubic feet/hour 8.0208

Grams ounces (avoirdupois) 0.03527

Grams pounds (avoirdupois) 0.0022

Grams/litre parts per million (ppm) 1000

Grams/sq cm atmospheres 0.000967

Grams/sq cm feet of water (60°F) 0.0328

Grams/sq cm inches of mercury (32°F) 0.02896

Grams/sq cm mm of mercury (0°C) 0.7355

Grams/sq cm pounds/sq ft 2.0482

Grams/sq cm pounds/sq inch 0.0142

Horsepower Cheval-vapeur (C.V.) 1.014

Horsepower foot-pounds/second 550

Horsepower Pferdestaerke (P.S.) 1.014

Horsepower watts 745.7

Hundredweight (cwt) pounds 100

Inches centimeters 2.54

Inches of mercury (32°F) atmospheres 0.0334

Inches of mercury (32°F) feet of water (39.2°F) 1.133

Inches of mercury (32°F) kg/sq meter 345.3

Inches of mercury (32°F) pounds/sq ft 70.727

Inches of mercury (32°F) pounds/sq inch 0.4911

Inches of water (39.2°F) atmospheres 0.00245

Inches of water (39.2°F) gms/sq cm 2.5399

Inches of water (39.2°F) inches of mercury (32°F) 0.07355

Inches of water (39.2°F) pounds/sq in 0.0361

Kilograms ounces (avoirdupois) 35.274

Kilograms pounds (avoirdupois) 2.2046

Kg-meters (torque) pound-feet 7.2330

Kg/cu meter pounds/cu ft 0.0624

Kilometers feet 3280

Kilometers miles 0.6213

Kilometers miles (nautical) 0.5396

Kilometers rods 198.836

Kilometers yards 1093

Kilowatt-hours Btu 3413

Kilowatts Btu/minute 56.884
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COMMONLY USED CONVERSION FACTORS (continued)

To Convert From To Multiply by

Litres cubic feet 0.0353

Litres cubic inches 61.025

Litres gallons (British) 0.2199

Litres gallons (US) 0.2641

Litres ounces (British, fluid) 35.196

Litres ounces (US, fluid) 33.814

Litres quarts (US, fluid) 1.0566

Meters feet 3.2808

Meters inches 39.37

Meters yards 1.0936

Miles feet 5280

Miles kilometers 1.6093

Miles rods 320

Miles yards 1760

Miles (nautical) feet 6080

Miles/hour cm/sec 44.7

Miles/hour km/min 0.0268

Millilitres cu inches 0.061

Millilitres ounces (British, fluid) 0.035

Millilitres ounces (US, fluid) 0.0338

Millimeters inches 0.039

Millimeters mils 39.37

Millimeters mercury (0°C) atmospheres 0.0013

Millimeters mercury (0°C) feet of water (39.2°F) 0.0446

Millimeters mercury (0°C) gm/sq cm 1.3595

Millimeters mercury (0°C) kg/sq meters 13.595

Millimeters mercury (0°C) pounds/sq ft 2.7845

Millimeters mercury (0°C) pounds/sq in 0.0193

Ounces (avoirdupois) grams 28.3495

Ounces (British, fluid) cu cm 28.4130

Ounces (British, fluid) gallons (British) 0.0062

Ounces (US, fluid) cu cm 29.5737

Ounces (US, fluid) cu inches 1.8047

Parts per million (ppm) grains/gal (British) 0.0701

Parts per million (ppm) grains/gal (US) 0.0584

Pferdestaerke (P.S.) horsepower 0.986

Pounds (avoirdupois) grams 453.5924
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COMMONLY USED CONVERSION FACTORS (continued)

To Convert From To Multiply by

Pounds/foot grams/cm 14.8816

Pounds/sq ft atmospheres 0.000472

Pounds/sq ft kg/sq meter 4.8824

Pounds/sq in atmospheres 0.0680

Pounds/sq in cm of mercury (0°C) 5.1715

Pounds/sq in feet of water (39.2°F) 2.3066

Pounds/sq in grams/sq cm 70.307

Pounds/sq in inches of mercury (32°F) 2.0360

Pounds/sq in newton/meter2 6895

Quarts (British, liquid) cu cm 1136.521

Quarts (US, liquid) cu cm 946.3586

Quarts (US, liquid) cu inch 57.75

Quarts (US, liquid) ounces (US, fluid) 32

Stones (British) pounds (avoirdupois) 14

Tons (long) kilograms 1016.047

Tons (long) pounds (avoirdupois) 2240

Tons (long) tons (metric) 1.0160

Tons (long) tons (short) 1.12

Tons (metric) kilograms 1000

Tons (metric) pounds (avoirdupois) 2204.62

Tons (metric) tons (long) 0.9842

Tons (metric) tons (short) 1.1023

Tons (short) kilograms 907.1848

Tons (short) pounds (avoirdupois) 2000

Tons (short) tons (long) 0.8928

Tons (short) tons (metric) 0.907

Yards centimeters 91.440

Yards miles 0.00057
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QUANTITIES FOR VARIOUS DEPTHS OF
CYLINDRICAL TANKS IN HORIZONTAL POSITION

% %
Depth of
Filled Capacity

1 0.20

2 0.50

3 0.90

4 1.34

5 1.87

6 2.45

7 3.07

8 3.74

9 4.45

10 5.20

11 5.98

12 6.80

13 7.64

14 8.50

15 9.40

16 10.32

17 11.27

18 12.24

19 13.23

20 14.23

21 15.26

22 16.32

23 17.40

24 18.50

25 19.61

% %
Depth of
Filled Capacity

26 20.73

27 21.86

28 23.00

29 24.07

30 25.31

31 26.48

32 27.66

33 28.84

34 30.03

35 31.19

36 32.44

37 33.66

38 34.90

39 36.14

40 37.39

41 38.64

42 39.89

43 41.14

44 42.40

45 43.66

46 44.92

47 46.19

48 47.45

49 48.73

50 50.00

% %
Depth of
Filled Capacity

51 51.27

52 52.55

53 53.81

54 55.08

55 56.34

56 57.60

57 58.86

58 60.11

59 61.36

60 62.61

61 63.86

62 65.10

63 66.34

64 67.56

65 68.81

66 69.97

67 71.16

68 72.34

69 73.52

70 74.69

71 75.93

72 77.00

73 78.14

74 79.27

75 80.39

% %
Depth of
Filled Capacity

76 82.50

77 82.60

78 83.68

79 84.74

80 85.77

81 86.77

82 87.76

83 88.73

84 89.68

85 90.60

86 91.50

87 92.36

88 93.20

89 94.02

90 94.80

91 96.55

92 96.26

93 96.93

94 97.55

95 98.13

96 98.66

97 99.10

98 99.50

99 99.80

100 100.00
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PREFACE

Petro-Canada Lubricants: Going Beyond Today’s Standards™

For more than 30 years, Petro-Canada has researched, developed and
produced more than 350 world-class, advanced lubricants, specialty fluids
and greases. Our products serve a diverse range of industries around the
globe including transportation, mining, the food industry, general manufac-
turing, industrial, power generation, plastics processing, forestry, and agri-
culture.

Petro-Canada’s lubricants are manufactured using a patented HT Purity
Process resulting in crystal-clear base oils that are 99.9% pure – one of the
purest in the world. We’re focused on producing products that last longer, are
more environmentally friendly, are recyclable, non toxic and biodegradable.
We have an enviable reputation for high quality and long lasting products.
This translates into a performance edge for our customers when it comes to
increasing productivity and cutting operating costs. Our products deliver
Tangible Savings Solutions for outstanding performance and savings.

This Handbook is current as of the time of publication. However, specification
writers and Petro-Canada are constantly upgrading and improving products to
meet the ever-changing demands of the marketplace so the information con-
tained herein is subject to change. This Handbook is also available electroni-
cally on lubricants.petro-canada.ca. The products throughout are available in
a wide range of package sizes and are stocked at many strategic locations
around the world either by Petro-Canada or one of our many global distribu-
tors.

To help our customers select the right lubricant for the job, request a copy of
our LubeSource Product Catalogue, LUB 2097. It’s an informative guide that
systematically narrows your lubricant choices to a primary recommendation.

-Petro-Canada Lubricants
Mississauga, Ontario, Canada

March, 2008

VISCOSITY EQUIVALENTS

VISCOSITY EQUIVALENTS

NOTE:

� Read across horizontally.

� Assumes 100 Vl single grade oils.

� Equivalence is in terms of viscosity at 40°C only.

� Viscosity limits are approximate: For precise data, consult ISO, AGMA and
SAE specifications.

� W grades are represented only in terms of approximate 40°C viscosity.
For low temperature limits, consult SAE specifications.
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Petro-Canada Lubricants
2310 Lakeshore Road West
Mississauga, Ontario
Canada L5J 1K2

Canada – West................................ Phone 1-800-661-1199
– East (English) ................. Phone 1-800-268-5850

(French) ................... Phone 1-800-576-1686
United States .................................. Phone 1-888-284-4572
Europe ............................................ Phone +44(0)2476-247294
Other Areas .................................... Phone 1-416-730-2408
E-mail ............................................. lubecsr@petro-canada.ca

lubricants.petro-canada.ca

Petro-Canada America Lubricants Petro-Canada Europe Lubricants
980 North Michigan Avenue The Manor
Suite 1400, #1431 Haseley Business Centre
Chicago, IL 60611 Warwick, Warwickshire
USA CV35 7LS

United Kingdom
P

R
IN

T
E

D
IN

C
A

N
A

D
A

E
P

R
IN

T
E

D
O

N
R

E
C

Y
C

L
E

D
P

A
P

E
R

LU
B

1
0
0

7
E

(R
ev

.
0
8

.0
9
)

TM
Tr

ad
em

ar
k

of
Pe

tr
o-

C
an

ad
a

Lubricants
Handbook

•
2009

Lubricants Handbook

2009For more information, please contact us:




