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:
will be described in the following sections.

'hese engine oil

Base Stocks—A variety of different processes are used in the manufacture of base stocks for engine oils.
These processes are briefly described in the following paragraphs:

DisTiLLATION—Crude oil as it comes from the ground is a highly complex mixture of hydrocarbon molecules

of three basic types: paraffinic, naphthenic, and aromatic.

predominant type of hydrocarbon molecules they contain.

Crude oils are classified according to the
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3.1.2

3.1.3

3.1.31

3.1.3.2

3.1.33

The first step in refining crude oil into useful products is the separation according to boiling range by
atmospheric or vacuum distillation. The various fractions are then further processed into gaseous products,
gasoline, diesel and burner fuels, lubricating oil stock, asphalt, etc. The lubricating oil stock is distilled into a
series of fractions of different viscosity and volatility. Base oils produced using the distillation process
include “NEUTRALS” and “BRIGHT STOCKS” (with neutrals generally being of lower viscosity than the
bright stocks).

Historically, a nomenclature has evolved to identify neutral and bright stock fractions by their Saybolt
viscosities. Neutral fractions are referred to by their nominal viscosity at 100 °F in Saybolt Universal
Seconds (SUS). For example, a 150 neutral is a distillate fraction with a nominal viscosity of 29 mm&/s (cSt)
at 40 °C (150 SUS at 100 °F). Generally speaking, the viscosity for the distillate (neutral) fractions range
from about 11 to 150 mm®/s (cSt) at 40 °C (60 to 850 SUS)

In similar fashion, bright stocks are referred to by their nominal SUS viscosity at 210-F-rather than 100 °F.

For examp|e, a 150 bright stock is a residual fraction with a nominal viscosity of 30.6 mm?
(150 SUS a4t 210 °F). For comparison purposes, if the viscosity of the bright stocks-were m
rather than[100 °C, they would range from 140 to 1600 mm&/s (cSt) (650 to 7400,SUS).

SOLVENT REFINING—The fractions resulting from vacuum distillation contain’ nitrogen and s|

metal-cont
can advers
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through se
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Waxy mate
and thereb
employing

HYDROGEN
processing
stocks. Bd

ining compounds, and aromatic hydrocarbons of various structures. Many of t
ely affect the stability and performance properties ofbase stocks and the
b enhance these properties for engine oil applicatiohs. These compounds
paration processes using solvents such as phenol, furfural, or N-methyl p
step is commonly referred to as solvent extraction’

rials present in the base stock may crystallize and agglomerate or congeal at
y impede low temperature flow. These materials may be removed by solvent dey
solvents such as methylethyl ketone arpropane.

PROCESSING—Hydrogen processing can occur separately or in conjunct
This processing can range\in severity from hydrogen treating to hydrogen
th hydrotreated and hydrocracked base stocks are typically composed of highé

saturates gnd reduced sulfur contents relative to solvent refined base stocks. The various

processes

Hydrotre
into satu
Mild hyd
odor.

are briefly described-below.

hting—Hydrotréating converts some of the unsaturated and aromatic molecules
ated molecdles. In addition, significant desulfurization occurs along with some
otreatingl_also known as hydrofinishing or hydrofining, is normally used to in

Hydrocrd

cking—The hydrocracking process changes virtually all molecules th

s (cSt) at 100 °C
easured at 40 °C

ulfur compounds,
hese compounds
ability of various
can be removed
yrrolidone. This

ow temperatures
vaxing processes

on with solvent
cracking of base
br percentages of
modern hydrogen

in the base stock
nitrogen removal.
nprove color and

rough cracking,

isomerization, and saturation reactions.

Aromatics are converted to naphthenes, w

hile many of the

naphthene rings are broken open. Hydrocracking can replace solvent extraction, but other processes such
as deasphalting and dewaxing are still required.

Hydroisomerization—Base stocks may also be produced by isomerization of wax or high wax content
fractions from the crude oil refining process. Normal paraffinic molecules are primarily being rearranged to
isoparaffins, while some hydrocracking of molecules may occur. The feed for this process is normally
sourced from the refinery's solvent dewaxing unit or from wax manufactured by Fischer Tropsch Process.

Typically

solvent dewaxing follows to meet pour point requirements.
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3.1.34

3.1.4

3.1.5

3.1.6

3.2

Hydrodewaxing—Catalytic hydrodewaxing is an alternative to solvent dewaxing. Wax molecules are

catalytically cracked to lower boiling-products and/or isomerized to isoparaffins. This step typically follows
either a hydrocracking or solvent extraction step. Catalytic dewaxing does not produce the waxy by-

products

used as feed source for hydroisomerized base stocks.

OLIGOMERIZATION—OIefin oligomers are made by linking together a low molecular weight material, such as
ethylene, to produce a specific olefin. The olefins are then chemically joined (“oligomerized”) to produce a
base stock of suitable molecular weight and viscosity. Olefin oligomers are all hydrocarbon structures,
containing no sulfur, phosphorus, or metals. When specific 1-alkenes are used as feed, these materials are

commonly

known as poly-alpha-olefins (PAOS).

€ most common

ESTERIFICA}M:ES&ME.&LMMEAMWM&D_W
organic esfers used as engine oil base stocks are dibasic acid esters and polyol esters\Dibasic esters, or

diesters, a
reactive hy
or more hy

e the reaction products of a dibasic acid, such as adipic acid, and an alceh
droxyl group, such as 2-ethylhexyl alcohol. By reacting a monobasic acid-with a
Hroxyl groups, polyol esters are produced. “Hindered” alcohols commenty used

esters are frimethylolpropane (TMP) and pentaerythritol (PE).

RECYCLING
years. Re
insolubles,
considered
burned as

Re-refined

AND RE-REFINING—Used lubricating oils have been involved in-recycling proce
Cycling normally involves the removal of volatile componerits' produced in use
and dirt. Little, if any, additional processing is involNed. The resulting oi
to be suitable for use in modern engines. However)itis often blended with ot
h fuel.

base stocks may be manufactured from used.@il by re-refining processes. Re-r¢g

be substantially free from additives and contaminants introduced from the re-refining

previous u
additive se
oil is often
suitable for

Additive Ag
properties of
stock. These

5e.  Re-refined oils can undergo one;or more of the following processes:
baration, solvent extraction, hydrotreating, and re-fractionation. The resulting fi

use in modern engines when treated with appropriate additives.
bnts—A lubricant additivelagent is defined as a material designed to enhance

the base stock or to impart to the base stock properties that do not naturally e
additive agents arg-used at concentration levels ranging from several parts per

than 10 volume percent. Gengrally, additives are materials that have been chemically synth

the desired p

the moleculd.

modificationg

erformance features, and they frequently contain an oil-solubilizing hydrocarbon
Some additive agents are naturally occurring materials that have under
to obtain(the desired property.

Additives ca
protection of’rengine surfaces, modification of oil properties, protection of base stocks.

carry~out their task of enhancing or imparting new properties to an oil in ong
B

bl containing one
h alcohol with two
to produce polyol

sses for over 65
as well as water,
is not normally
her materials and

fined stocks shall
process or from
vater separation,
nished, re-refined

virtually indistinguishable from geod quality virgin base stocks. These re-refined oils may be

the performance
ist with the base
million to greater
esized to provide
portion as part of
gone only minor

of three ways—
Engine protectors

include seal swell agents, antiwear agents, antirust agents, corrosion inhibitors, detergents, dispersants, and

friction modifiers.

improvers.

multifunctional properties.

Oil modifiers include pour point depressants, antifoam agents, and viscosity index (VI)

Base stock protectors include antioxidants and metal deactivators. Some additives possess

Additive combinations contribute performance features which are required to satisfy the lubrication needs of
modern engines under the most severe conditions and currently recommended oil change intervals.

If

additives have been put into the base stock to increase its commercial value to those who will use it for
formulating engine oil, care should be taken to identify such additives so that further additive treatments will be

compatible.
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4.1

411

Physical and Chemical Properties—Understanding and agreeing on the methods of measurement of the
physical and chemical properties of base oils and formulated engine oils can assist the user, the oil refiner, and
the formulator to define a consistently uniform product. These properties are often used to establish
acceptable levels of additive components in finished oils. Although oil performance in the engine is related to
base stock and additive composition, it is often difficult to assign a specific aspect of such performance totally
to the use of a specific additive or base stock. Part of the reason is that some of the physical and chemical
properties of the oil overlap in their influences on engine performance and durability and it is presently difficult
to directly and unambiguously attribute such effects to either the chemical or the physical properties of the oil.
Progress in developing this level of understanding is being made. Some of these performance characteristics
of engine oils are discussed in SAE J183, SAE J300, SAE J1423, and SAE J2227. At the present time, oil
physical and chemical properties can be related to engine performance and durability only with the guidance of

facturers and with appropriate and jointly accepted engine and/or field t

engine man
completed of

At low temp¢q
properties of
starting and
rheology, as

While the p
performance

fulfill its function as a lubricant. These and the low temperaturespreperties will be discusse|

sections.

Viscosity—
high, it is the
bearing surfa
additives, fug
volatilization,
disadvantage

DEFINITION
Equation 1

The unit of
also comm
equation a
this catego

that oil.

ratures where cranking/starting and engine oil pumpability are matters‘afcong
the engine oil can be directly related to its effects on any particular engine. Eng
oil pumpability are also related to a variety of other factors ineluding enging
well as to nonrheological factors such as battery power and fuel volatility.

nysical and chemical properties of an oil at operating @@mperatures are n
in a simple way, these individual properties are meaningful and are related to

iscosity of the engine oil is one of its most iniportant and most evident propert
source of the phenomenon of hydrodynamicubrication in which the viscosity of
ce to ride on a thin film of oil and, thus; protect the lubricated surface from
| dilution, contaminants from within\'and outside of the engine, wax in the
and many other materials found ¢n or added to the oil affect the viscosity in
ous ways.

—Viscosity is defined as the)internal resistance to flow of any fluid. It is expres

Force tSheared Area

Dynamic(Viscosity = - Shear Stress
y Y = Velocity orilm Thickness

~ Shear Rate

measure farx.dynamic viscosity is the millipascal second (mPa-s), although the
pnly used.-One mPa-s equals 1 cP. Oils that exhibit a constant viscosity at all
e known' as “Newtonian” oils. In the absence of polymeric additives, most singlé
I'y-atdeémperatures above their cloud point.

sts successfully

ern, the physical
jine cranking and
b response to oil

ot related to oil
the oil's ability to
d in the following

es. If sufficiently
the oil forces the
wear. Chemical
oil, oil oxidation,
advantageous or

sed as follows in

(Eq. 1)

centipoise (cP) is
hear rates in this
e grade oils are in

Qils that exhibit a viscosity which varies with changing shear rates in this equation are known as “non-
Newtonian” oils. Multiviscosity graded oils formulated with polymeric additives are generally in this category.

Another form of viscometric expression involves the use of kinematic viscometers in which the liquid is driven
by its own hydrodynamic head. This head varies directly with the density of the oil at the temperature of
measurement. The relationship between kinematic and dynamic viscosity is as follows in Equation 2;

Kinematic Viscosity = Dynamic Viscosity tDensity of Liquid

(Eq. 2)
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4.1.2

4.1.3

The unit of measurement for kinematic viscosity is the millimeter squared per second (mm2/s), although the
centistoke (cSt) is commonly used. One mm&/s equals 1 cSt. Density effects should be eliminated either by
measuring the dynamic viscosity or by measuring kinematic viscosity and density at the temperature of
interest and converting the values to dynamic viscosity.

ViscosITy INDEX (VI)—Viscosity decreases rapidly with increasing temperature. For most oils, the
relationship between viscosity and temperature can be approximated by the following empirical relationship

in Equation 3:

where:

loglog(kinematic viscosity + 0.7) = A + B (log absolute temperature)

(Eq. 3)

A and B

This relatio
special vis
temperatur|
The slope

chemical ¢
smaller thg
ASTM DS

For enging|
wider rang
temperatur,
and then a

hre constants, specific for each oil

nship, which is an approximation of the MacCoull, Walther, Wright eguation, fo
osity temperature charts published in ASTM D 341. These charts permit the pld
e data as straight lines over the temperature range in which the-0ils are hom
Df these lines is a measure of the change in viscosity with temperature. It is d
pmposition of the oil and is described by an empirical relatiopship called VI. The
change in viscosity with temperature (slope). ASTM D 2270 is used to detd
BOb is based on ASTM D 2270 and allows for more convenient determination of

oils, a relatively smaller change in viscosity with‘temperature (high VI) is desi
b of operating temperatures over which a given' oil will provide satisfactory lu
ps, a relatively low viscosity oil is desirable\to permit adequate cranking spee
lequate flow to the oil pump and the entire engine oiling system after starting.

At high te

peratures in a running engine, the 0il viscosity must be high enough to maint

rms the basis for
tting of viscosity-
bgeneous liquids.
ependent on the
higher the VI, the
rmine VI values.
V1.

able to provide a

prication. At low
d during starting,

hin adequate film

thickness Hetween rotating or rubbing parts te-minimize wear. Using a higher viscosity oil generally reduces

oil consumption (past piston rings and.valve guides) and blowby, but increases friction a
film shearing in the piston/piston ring €ylinder wall interface and bearings.

VISCOSITY INDEX IMPROVERS—Ta-extend the upper temperature limit at which an oil
satisfactory lubrication, polymeric additives, called Viscosity Index (VI) improvers, are wid
oils properly formulated with*VI improvers generally contain lower viscosity base stocks wh
low temperture cranking/starting and pumpability properties. As the oil temperature incred
of the oil qontainingrayVI improver decreases more slowly than the same oil without a

increasing the VI, <The result is an oil that can give good starting/pumping response and i

5sociated with oil

will still provide
bly used. Engine
ch provide better
ses, the viscosity
| improper, thus
5 also effective in

providing d mare{viscous oil film at operating temperatures than could be obtained with @ single grade oil
providing equivalent startability at low temperatures.

Oils containing a polymeric VI improver exhibit a decrease in viscosity as the shear rate or stress is
increased. Because the viscosity of such oils depends on shear stress, they are called “non-Newtonian oils.”
Such change generally lasts only as long as the oil is operated under such high shear stress. When the
shear stress is relieved, the oil reverts to its previous viscosity. This reversible decrease in viscosity due to
shear is called “temporary shear (or viscosity) loss.” When certain critically high shear stresses are imposed
on a VI improper in oil solution, the viscosity contribution of the VI improper to both low and high shear rate
viscosity can be permanently reduced. This nonreversible reduction in viscosity is called “permanent shear
(or viscosity) loss.” The magnitude of these temporary and permanent losses is dependent on the type and
molecular weight of the VI improper used, as well as the actual service conditions.
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The permanent shear stability characteristics of engine oils are evaluated by comparing the stripped
viscosity of an engine oil after 10 h in the CRC L-38 engine test to the new oil viscosity. Shear stability can

also be me

4.1.4

asured using CEC L-14-A-93, ASTM D 3945, and ASTM D 6278.

ViscosITY MEASUREMENT—The SAE J300 standard classifies oils into grades according to their kinematic

viscosities measured at low shear rates and high temperature (100 °C), and their viscosities at high shear
rate and high temperature (150 °C), and at both low and high shear rates at low temperatures (- 5 to - 35 °C).

Low shear rate kinematic viscosity is measured using ASTM D 445 and is reported in millimeters squared
per second (mm2/s), although the centistoke (cSt) is also commonly used. Kinematic viscosity is measured
most commonly at 100 °C, and also at 40 °C if VI is to be determined.

At low tem
cold crank
4684. Both
centipoise
starting an
has been ¢

Qil viscosit]
4683 or AS
commonly
methods a

4.2 Other Tests

4.2.1 CLoub Poi

a cloud or

berature, the high shear rate viscosity is measured by ASTM D 5293. This ista
ng simulator method. The low temperature, low shear rate viscosity is meas
ASTM D 5293 and ASTM D 4684 report viscosities in millipascal seconds(mP
cP) is also commonly used. Results of both tests have been shown-to corr
| engine oil pumpability at low temperatures, although the preciseicorrelation tg
uestioned and is under active investigation with ASTM.

y at very high shear rates/stresses and at high temperatur€s*(150 °C) is meas
ETM 4741 and is reported in millipascal seconds (mRa<§), although the centig
used. A comparable Capillary Viscometer method iscurrently being developed

Pertinent to New and Used Oils

NT AND POUR POINT—The cloud point of aimoisture-free oil is defined as the tem

haze indic

applicationg, this haze will have little practical significance.

The pour

ASTM D 97. The pour point can be directly related to whether or not the oil can be poured

at low tem
viscosity, N
have been
system at
amounts of

Some oils
above the

naze appears in the lower portion of thie“test oil when tested (i.e., cooled) by AS
tes the presence of some insoluhle fractions, such as wax, at the temperatur

int of an oil is defined as'the lowest temperature at which the oil can be poure

eratures. Although-pour point is a simple measure of wax crystal structure ang
nore precise and(corfelatable viscometric methods, such as ASTM D 3829 an
developed which better predict the ability of an oil to flow to the oil pump an
ow temperature. In actual practice, the oil in the crankcase will be a mixturg
fuel fractions, the composition depending on several factors (see 4.3.4).

Hisplay“an increase in pour point when exposed to repeated cycling at temper

multitemperature
ired by ASTM D
h-s), although the
blate with engine
modern engines

red using ASTM
oise (cP) is also
by ASTM. These

e intended primarily to simulate operating conditiohs occurring in engine bearings.

perature at which
TM D 2500. The
b noted. In most

d when tested by
from a container
low temperature
d ASTM D 4684,
d throughout the
of oil and small

atures below and

pedr point. Appendix B of SAE J300 (taken from Federal Test Method, Sta

ndard No. 791C,

Method 203.1) describes a procedure, commonly called the stable pour point, for evaluating the tendency of
the pour point to so increase. While no longer a mandatory procedure in the low temperature classification
requirements of SAE J300, the measurement of the stable pour point continues to be recommended when
significant changes in formulation or base stock sources are made.

4.2.2

FLASH POINT AND FIRE POINT—The flash point of a petroleum product is the lowest temperature to which the

product must be heated under specific conditions to give off sufficient vapor to form a mixture with air that
can be ignited momentarily by a specified flame. Fire point is the lowest temperature to which a product
must be heated under prescribed conditions to burn continuously when the mixture of vapor and air is ignited
by a specified flame.
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4.2.3

424

425

Flash and fire points are significant from the viewpoint of safety and should be related to the temperatures to
which petroleum products will be subjected in storage, transportation, and use. Normally, engine oils will
present no hazards in this respect but the minimum flash point that can be tolerated must be determined in
each application. Flash point may also be used to indicate gross contamination of used oil by a volatile
product such as gasoline or diesel fuel. Methods of obtaining this type of information are ASTM D 56, ASTM
D 92, ASTM D 93, ASTM D 1310, and ASTM D 3828. ASTM D 92 and ASTM D 93 are the preferred
methods for unused engine oils.

DisTiLLATION DATA—The volatility characteristics of engine oils can be defined by several procedures.

Distillation is one method Because englne 0|Is are comprlsed of relatively hlgh b0|l|ng p0|nt fractions, which
would therma ation method; i.e.,

M D 2887, which
is often used in
place of A3TM D 1160. ASTM D 2887 and CEC L-40-A-93 are both currently used-to'measure evaporative
loss on volgtility of engine oils. Neither of these methods are entirely satisfactory’and ngw methods have
been develpped.

ASTM D 5800 and ASTM D 5480 may be used to measure engine oil volatifity.

NOTE—An improved version of ASTM D 2887, designated ASTM D 6417, is being copsidered for final
approval. ASTM D 6417 has not, as of this revision, deen published as an officijal ASTM test but
shpuld be shortly. ASTM D 5800 and ASTM D 6417 ‘have gained increased ag¢ceptance as the
préferred standard methods to determine engine \oil evaporative loss. Work |[done by several
companies has shown a correlation between these methods and in-service oil consumption.)

ALKALINITY JAND AcIDITY—The alkalinity or acidity characteristics of petroleum products carl be measured by
any one of several standardized methods. Methods currently used include ASTM D 664, ASTM D 974,
ASTM D 2B96, and ASTM D 4739. Changes in alkalinity or acidity with use give some| indication of the
nature of the changes taking place in the_engine oil. For example, a reduction in bas¢ number can be
ascribed tqQ neutralization of basic additive components such as metal containing detergents as well as

certain ash

contamination by products of combhustion. Base number of a new oil is an indication of an 0

the deleter

different base numbers on the“same oil.

performang
the new oll
The chang

less dispersants. An increase in acid number may be ascribed to engine oil

ous effects associated:with high sulfur levels in diesel fuels. Different titration nj
Therefore, caution is necessary in applying K
e relationshipsi\ For diesel engines, relationships have been published betwee
change indase number during service, fuel sulfur content, and desired enging
b in base(number in service can be used under certain conditions to evaluate ¢

oxidation and/or
I's ability to resist
ethods may yield
ase number—oil
h base number of
oil drain interval.
bngine oil change

interval prdctices: "Both ASTM D 2896 and ASTM D 4739 methods are commonly used in these instances.

CARBON RgSIDUE—The base stock components of engine oils are mixtures of many compounds that differ
widely in their physical and chemical properties. Some vaporize at atmospheric pressure without leaving an
appreciable residue. When destructively distilled, the nonvolatile compounds may leave a carbonaceous
material known as carbon residue. Two methods used for evaluating base stocks in this respect are ASTM
D 189 and ASTM D 524. ASTM D 4530 is essentially equivalent to ASTM D 189 while minimizing sample
size. Engine oils containing ash-forming constituents, such as the additives commonly used in formulating
oils, may give misleading high carbon residues by either method. Carbon residue has little value as a guide
for predicting deposit-forming tendencies in automotive engines, but may relate to intake port deposits in
certain large, two stroke cycle, natural gas fueled stationary engines.
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4.2.6

4.2.7

4.2.8

4.2.9

4.2.10

4211

AsH CONTENT—The amount of ash formed from burning engine oils may be obtained by ASTM D 482.
However, ASTM D 874 is now the method most commonly used because it is a more accurate measure of
ash-forming constituents. When tested by ASTM D 482, some metals are partially volatilized and lost, giving
erroneously low values. The ash produced from burning new engine oils is principally related to the
concentration of ash-producing additives in the oil. In addition to the additive contribution, the ash produced
by used oils will also be a function of the amount of contaminants present in the engine oil. High values can
also result from other contaminants, such as dirt, iron oxide, wear metals, and corrosion products. Ash
forming substances in an oil may contribute to deposits on combustion chamber surfaces, spark plugs, and
intake or exhaust valves, which can influence the combustion characteristics, exhaust valve sealing and
certain driveability characteristics of an engine. However, the mechanism for the buildup of deposits in these

areas is very complex and depends on many variables in addition to the ash content of the oil.

COMPATIBILU
oils with w
evidence 0
as high as
and miscib
3470.1.

FOAMING—
resistance

GRAVITY, G
base stock
products r3
determine
ASTM D 11

It is expect
additive ag
during use
engine oils

ELEMENTAL
Instrument
and X-ray
information
measure 0
with enging
engine. Cd

ITY—Engine oils are expected to be homogeneous and completely miscible wit
nich they might be mixed in service. When oils are mixed in any proportien;-th
f separation either of the additives or of the oils when the mixed oils are‘heated
232 °C and cooled to a temperature as low as the pour point of theMmixture.

lity test currently used to evaluate engine oils is Federal Test Methad Standard N

Oils with poor antifoaming characteristics have been shawnh to result in ded
and reduced lubricant efficacy. A bench test for determining this quality is ASTN

OLOR, ODOR—Gravity (density) may be used to characterize the basic hydroc
s. Gravity and color are factors generally associated with the quality control
ither than with performance characteristics. . (ASTM D 287 and ASTM D 1298
he gravity and density characteristics of oil> The color of engine oils may be s
6 or more commonly ASTM D 1500.

ed that engine oils will not produge, offensive odors due to the nature of the b
ents with which the oil is compeunded; nor should offensive odors or toxic vap
of, or prolonged storage ofs:lan engine oil. There are no standardized odor

ANALYSIS—Elemental-analysis of engine oils is often used as a means ¢
bl analytical techniques, such as emission spectroscopy, ICP, atomic absorpti
emission spectroscopy, are useful in this respect. Similar analyses of used
relative tod4he changes in the elemental content of the engine oil. These dat
contamination by materials such as ingested dirt, coolant, or products of comb
s using.leaded gasoline. They also can provide information relative to the exts
ncentrations of the following elements are commonly determined:

h all other engine
ere should be no
to a temperature
'he homogeneity
lo. 791C, Method

reased oxidation
1 D 892.

hrbon type of the
of manufactured
may be used to
pecified by using

ase stocks or the
prs be generated
tests suitable for

f quality control.
pn spectroscopy,

oils will provide
h can also give a
ustion, especially
ent of wear in the

a. Addi
phos

phorus, silicon, sodium, sulfur, and zinc.

b. Contaminants such as lead, silicon, chlorine, bromine, and potassium.
c. Wear metals such as aluminum, chromium, copper, iron, lead, molybdenum, and tin.

ive elements such as barium, boron, calcium, copper, magnesium, molybdenum, nitrogen,

INFRARED ANALYSIS—Infrared spectrophotometry techniques are valuable in identifying the chemical
structures found in base stocks and additives. Changes in these structures can be determined by comparing
results of analyses of new and used oils. In used oils, it is also possible to measure oxidation and/or
nitration, and to identify the presence of contaminants (e.g., fuel dilution and fuel soot), water, antifreeze, and
similar materials.
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4.2.12 FILTERABILITY—The tendency of an oil to form gels or other filter plugging material in the presence of water
can be evaluated by use of the General Motors Engineering Standard GM 9099P. This method is being

considered

for standardization by ASTM in the near future.

4.3 Tests Pertinent to Used Oils

431

4.3.2

4.3.3

43.4

UseD OIL PROPERTIES—The analysis of a used engine oil may be of value in establishing the condition of the

engine and may be helpful in estimating the remaining useful life of the oil.

To be of most value, used oil

analyses must be taken periodically during the drain interval and a trend line established. The conditions of

usage also

INSOLUBLE
ASTM D 91,
contaminal
judged wit
example, t
obtained.

With mode
coagulant
insolubles

CoOOLANT (I

contamination from products of combustion,

atmospher
qualitative

or crackling sound indicates free or suspended water in the oil.

when watd
conditions,
leakage. @
spectrophag
gives posit|
engine oils
testinits
be consultg

FUEL DiLuT
show a sm
mechanical

must be considered in evaluating used oil analyses.

or the more frequently used ASTM D 893. Use of these methods permits @n
t content and buildup of insoluble materials through oxidation, etc. Howeyer;th

care, because minor changes in the analytical procedure can produce diffe
he age and purity of the coagulant solutions specified in ASTM Dr893 can

n highly dispersant oils, the determination of insolubles has become increasing
n ASTM D 893 may be required to make accurate determinations. ASTM D 4
preater in size than 0.8 mm. However, current interlabotatory precision (reprodd

MoISTURE) CONTENT—Small quantities of water will frequently be found in us
leakage ffom the cooling system, or cd
c moisture. ASTM D 95 defines a process for)determining the water content @
Hetermination, a commonly used simple testis to heat a drop of oil on aluminun
Cooling system leakage ¢
r is found in the oil on cool down_after operation for several hours under

such as interstate highway driving-y The presence of glycol can be a more defi
lycol is detected by distillation-of the aqueous material, followed by chemical an
tometry on the distillate. A:ess complicated procedure which is adaptable to
ve, trace, or negative results is ASTM D 2982. Some additives commonly us
contain glycol at a level that will give a positive result. If the new oil gives a p
mple form will be inadequate for detecting coolant glycol in used oils and the g
d for advice.

ION—Engin€s-in good mechanical condition and operated at normal temperg

determined using
evaluation of the
e results must be
rent results. For
affect the results

y difficult. Use of
D55 measures all
cibility) is poor.

ed engine oil as
ndensation from
f used oil. For a
foil. A snapping
an be suspected
high temperature
itive indication of
alyses or infrared
field kit use and
ed in formulating
ositive result, the
il supplier should

tures will usually

All amount of fuel dilution in the used engine oil. Typical fuel dilution values for
conditiens operating at normal temperatures is 0.1 to 1.5% volume. Low opera

rich mixturg

hn engine in good
ing temperatures,

s of-fu€l and air, and low ambient temperatures will promote fuel dilution, particularly if the engine

is in poor nechanical condition or crankcase ventilation is inadequate. High dilution reduces oil viscosity and
pour point. The presence of such dilution can cause accelerated wear and promote the formation of sludge,
varnish, and rust. The presence of a high dilution level may indicate a need for engine maintenance. Dilution
may be determined by ASTM D 322 or by ASTM D 3607. This latter method also produces a dilution-free
sample for subsequent analyses. These methods are useful only with gasoline engines since the distillation
range for diesel fuels in many cases overlaps that for the engine oils used in diesel engines. Procedures
applicable to both diesel and gasoline engine oils are ASTM D 3524 and ASTM D 3525. For laboratories so
equipped, ASTM D 2887 is also a suitable method for measuring fuel dilution.

The flash point may also be used to approximate fuel dilution. If the flash point test is utilized, it is extremely
important to measure the flash point of the new (reference) oil to establish a correct baseline (see 4.2.2).
The infrared spectrophotometer may also be utilized as a test tool to approximate fuel dilution in used oil.
Viscosity decrease may also indicate the presence of fuel dilution; however, high levels of soot
contamination can mask such reductions.
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4.3.5

8.1

SooTt CONTENT—Soo0t content of used diesel engine oils can cause a number of problems related to additive
complexing and abnormal viscosity increases. The soot is formed by the combustion process and is
especially serious when combustion is incomplete. Currently soot can be detected by ASTM E 1131. A
qualitative indication of soot content can be made by viscosity measurement.

Performance Characteristics—In the operation of an internal combustion engine, engine oils are expected to
lubricate, cool, seal, maintain cleanliness, and protect against wear and corrosion. An oil's ability to perform
these functions depends on the combined effectiveness of its base stock and additives, as well as operating
conditions, fuel quality, and the design and the mechanical condition of the engine. Although the physical and
chemical tests described in the preceding sections can be used for quality control to insure manufacturing
uniformity, they are not effective for accurately defining performance characteristics at operating loads and
temperatures._Only actual performance evaluations in special laboratory engines and in field tests will define
the capabilities of an engine oil. Laboratory diesel and gasoline engine tests that have |become industry
recognized for evaluating engine oils are described in SAE J304. SAE J183 and SAE:J1423 classify oils
according to| performance criteria based on results from engine dynamometer tests. These criteria are
generally coffrelated with field test results. Where other operational properties are-of interg¢st, specific tests

must be devq

Although thq
evaluation, th
of the ail in a
the SAE Lub

meaningful r¢sults on a given oil are obtained by evaluation inthe ' most severe type of servig

encountered

Handling an
cancer in lal
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engine oil.

Clothing sho
disposal of u
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government agencies.

Conclusiong
are the resu
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briefly the te
technical pe
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loped using the equipment and conditions most relevant to a given situation.

laboratory engine tests are necessary and valuable aids\to engine oil ¢
ey have limitations. In many instances, the final proof-of-performance is establig
ctual vehicle service. While no industry standardized field test procedures are ¢
ricants Review Institute has furnished some guidelines’ in their procedures m

by a particular engine oil.

d Disposal of Used Oils—Continuous, long:term contact with used engine oil
oratory animal tests. Proper protectiveiclothing and equipment (gloves, etc.
g used engine oil. Exposed skin areas should be washed thoroughly after ¢

uld be laundered regularly;.especially after contact with used engine oil. In
sed engine oil is very impartant. For more information on handling and dispos
your oil supplier, thes, American Petroleum Institute, or appropriate federa

—The lubrication requirements for modern engines are extremely complex. C
t of extensive research and development aimed at meeting these requireme
nis document to treat the subject in detail. Rather, the purpose of this documen
'ms frequently encountered in discussions of engine oils and engine oil perfo
bplesnot directly associated with lubricants and lubricant development. F
n‘these matters, the reader is referred to the technical services offered by lubri

evelopment and
hed by field tests
rrently available,
hnual. The most
e expected to be

has caused skin
should be used
pXposure to used

addition, proper
bl of used engine
, state, or local

irrent engine oils
nts. It is not the
t is to define very
rmance for those
br more detailed
cant and additive

manufacturers, appropriate engine manufacturer organizations, and pertinent literature available through the
Society of Automotive Engineers, Society of Tribologists and Lubrication Engineers, American Society of
Mechanical Engineers, American Petroleum Institute, American Society for Testing and Materials, etc.
Information directly related to this document may be found in the listed references (see Section 2).

Notes
Marginal Indicia—The change bar (l) located in the left margin is for the convenience of the user in locating

areas where technical revisions have been made to the previous issue of the report. An (R) symbol to the left
of the document title indicates a complete revision of the report.

PREPARED BY THE SAE FUELS AND LUBRICANTS TECHNICAL COMMITTEE 1—ENGINE OILS
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