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True

False

We cannot detect large 

particles through oil 
analysis.

TEST YOUR KNOWLEDGE

False
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True

False

Trend Analysis is the practice of 
recording trends of engine failures in 

the Commercial Trucking industry.

TEST YOUR KNOWLEDGE

False
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The size of particles in an 

oil

Remaining life of 

oxidation inhibitors

With th e RULer Test, we look for:

TEST YOUR KNOWLEDGE

How long a trend has 

lasted

How well a gas turbine is 

performing

Remaining life of 

oxidation inhibitors
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ÁMaterials Engineer
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Program 
Guides
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Social 
Media 

Resources
Webinars



Future Webinars

November 17 : Solving Problems 

with Industrial Synthetics

December 15 : Guiding 

Customers and Solving Problems 

with PI Sheets



Frank Hayes - CLS, OMA-I, MLA -I, MLT-I, 
CLGS & CRC

ÁCITGO Senior Product Specialist

ÁB.S. Mechanical Engineering 

Á27 Years Experience in 
Lubricants, including with

ÁPetro-Canada Lubricants, Sr. 
Technical Services Advisor

ÁConoco, Lubrication 
Engineer



David Turner Ŝ NLGI CLGS, STLE CLS & OMA -I

ÁCITGO Senior Sector 
Manager

ÁChemical Engineer

Á40+ Years Experience in 
Lubricants

ÁActive in STLE, NLGI, and 
ASTM



Agenda

Software 
Integration

Oil Analysis 
Interpretation

Advanced 
Laboratory 

Analysis



Advanced Laboratory Analysis



Analytical Ferrography

The lubricant sample is 
diluted with a solvent, 
then placed in a 
magnetic field.

The magnetic field 
causes particulates of 
different types to 
separate, allowing 
observation and 
identification of the 
particles under a 
microscope.

Ferrous  particles are 
suspended in the 
magnetic field, while 
non-ferrous particles are 
randomly deposited.

The slide is examined 
under a polarized 
bichromatic  microscope.

A trained analyst can 
determine the particle 
size, concentration, 
composition, 
morphology, and 
surface condition of the 
ferrous and non -ferrous 
wear particles.



The particles are classified to determine the 
type of wear and source of the particles.

Non-ferrous particles:

ÅWhite non -ferrous particles 

ÅCopper particles 

ÅBabbitt particles 

ÅContaminants  

ÅFibers 

Analytical Ferrography

Courtesy of Australian Laboratory Services - ALS



Ferrous Particles:

ÅHigh alloy steel 

ÅLow alloy steel 

ÅDark metallic oxides 

ÅCast iron 

ÅRed oxides (rust)

Analytical Ferrography

Courtesy of Australian Laboratory Services - ALS



Large fatigue wear particle.

Red Oxides (rust) with clear spheres 
present, these could be sandblasting 
beads.

Courtesy of Australian Laboratory Services - ALS

Analytical Ferrography



Ferrous and Bronze wear particles. The ferrous 
wear particles appear to be delamination from 
the sliding -fatigue wear process.

Ferrous and Bronze wear particles. Typical of a 
surface breaking up from high temperatures.

Courtesy of Australian Laboratory Services - ALS

Analytical Ferrography



Significant red oxides (rust) particles are likely 
due to water in the system.

Heavy concentration of rubbing wear and black 
oxides. Rubbing wear can be considered 
Œnormalœ but the amount present suggests the 
surface is wearing rapidly.

Courtesy of Australian Laboratory Services - ALS

Analytical Ferrography



ÅThis method uses light obscuration to 
measure the amount of large and small 
particles.

ÅThe results indicate the rate, intensity, and 
severity of wear.

ÅThe method is less expensive and can be 
automated, but produces less information 
than analytical ferrography .

Courtesy of Australian Laboratory Services - ALS

Direct -Reading 
Ferrography



ISO Particle Count Ŝ Part 2

ISO 4406 produces a 
range code from the 
raw numbers 
measured in a particle 
counter.



ISO Particle Counting

ÅParticles are measured 
at >4Ɓ, >6Ɓ, and >14Ɓ.

ÅFiltration to remove fine 
particles helps to extend 
equipment life.

ÅStudies have shown that 
reducing particle count can 
increase equipment life by a 
factor of as much as 10.



Distillation

ÅMethod for determining the 
amount of fuel dilution in an in -
service engine oil.

ÅThe distillation curve of a product 
is determined primarily by the 
base oils in the product.

ÅFuel dilution causes the distillation 
curve to be skewed.



Rotary Pressure Vessel Oxidation Test Ŝ 
RPVOT Ŝ ASTM D2272

ÅMostly used for turbine oils.

ÅPressurized container with 
oil water and copper. 

ÅTest ends at 25 psi drop.

ÅResults recorded in minutes.

Å Indicates remaining life of 
lubricant.



Membrane Patch Colorimetry (MPC)

ÅVarnish is an issue in many lubricated systems.

ÅVarnish forms when oil and additive degradation products 
become insoluble in the oil and plate out on system surfaces.

ÅThe lower solvency of API Group II and III base oils and PAO (API 
Group IV) has led to a greater incidence of varnish issues.

ÅDetecting varnish earlier, while it is still in solution, is key.



Membrane Patch Colorimetry (MPC)

ÅASTM D7843, the membrane patch colorimetry 
(MPC) test, was developed to provide an estimation 
of the content of varnish in an in -service oil.

ÅMPC measures the color bodies of insoluble varnish 
materials in the oil sample.

ÅThe oil is diluted with a non -polar solvent and passed 
through a 0.45Ɓ filter patch.

ÅThe color of the filter patch is an indication of the level 
of varnish in the system.

ÅThe hue and intensity are indicators of the level of 
varnish in the oil.



RULer Test Ŝ ASTM D6971 (turbine oil)
ÅLinear Sweep Voltammetry, also known as the Remaining 

Useful Life Evaluation Routine ( RULer) test, is used to 
measure the remaining concentration of certain type of 
antioxidants in lubricants.

ÅThe curve generated in the test is compared to a baseline 
curve for the new oil to determine the remaining aromatic 
aminic and hindered phenolic antioxidant additives in the 
in-service oil sample.

ÅTesting of multiple samples over time can provide an 
indication of the rate of depletion of the antioxidant 
additives.

ÅThis allows informed decisions about oil changes or other 
techniques to extend the service life of the oil.



In-Service Grease Analysis

Multiple tests can be used or adapted for the analysis of in-service 
grease samples:

Appearance               Pressure Differential Scanning

Water by Crackle              Calorimetry (PDSC)

FTIR Analysis               Remaining Useful Life (RULer)

Elemental Analysis              SRV (EP Test)

Ferrography and Ferrous Density

Penetration (½- or ¼-scale)

Grease Rheometry



Appearance

ÅAppearance is often overlooked as a diagnostic 
tool in in-service greased analysis.

ÅThe color of the product may indicate whether 
the correct product was used or if the product 
was contaminated with a competitive product.

ÅA change of the color of a known product may 
indicate degradation due to exposure to 
excessively high temperature.

ÅA change in the texture of the grease may 
indicate the presence of environmental 
contaminants, wear particles, or even water in 
the grease.



Water by Crackle

ÅAlthough not an analytical method for 
water content, the crackle test can be a 
good indicator of the presence of water 
in grease.

ÅA small portion of the sample is heated 
on a hot plate or contacted with a hot 
soldering iron.

ÅPopping or crackling indicates water 
presence.

ÅA trained ear can differentiate between 
low and higher levels of water 
contamination.

ÅASTM D95 water by distillation can be 
used to determine the water 
concentration.



FTIR Analysis

ÅFourier Transform Infrared (FTIR) Analysis is a powerful 
tool in all in -service lubricant analyses.  It provides 
multiple pieces of information on the oil or grease 
sample.

ÅThe FTIR spectrum should always be compared to the 
spectrum for the unused product of the same 
formulation.

ÅFTIR Analysis can provide the most information on a 
very small sample.  It gives the most bang for the buck.



Elemental Analysis

ÅElemental analysis of in -service grease can provide 
information on the presence and depletion of 
additive elements and the presence of wear metals 
and other contaminants.

ÅElemental analysis combined with FTIR analysis 
can provide a significant amount of information on 
the condition of the equipment from which the 
sample was obtained on very little sample.



Ferrography  & 
Ferrous Density

ÅAnalytical Ferrography  is a useful 
tool for determining wear particle 
types and wear modes.

ÅFerrous Density gives an overall 
concentration of ferromagnetic 
metals in the sample and can 
indicate the degree of wear that 
has occurred on metallic 
components.



Small -Scale Penetration

ÅIf the in -service grease sample is of 
sufficient volume, a ½ -scale or ¼ -scale 
penetration test can be performed.

ÅThose tests provide the NLGI consistency 
grade of the material.

ÅA significant change in consistency may 
indicate oil separation, evaporation loss, 
or contamination with a different product 
or a fluid material.



Rheometry

Can be used, when compared 

to unused grease, to determine 

changes in the consistency or 

structure of the in -service 

grease sample.  It requires a 

very small sample size of five 

grams or less.



Pressure Differential Scanning 
Calorimetry (PDSC)

ÅASTM D5483 PDSC is used to determine the 
oxidation stability of grease.  It requires a 
very small sample volume.

ÅThe result of the test is compared to results 
for the unused product to provide an 
indication of the remaining oxidation life of 
the grease.



RULer Test

ÅASTM D7527 linear sweep voltammetry is used to 
determine the remaining aromatic aminic and hindered 
phenolic antioxidants in grease

ÅAs discussed previously, the curve that is generated is 
compared with the curve of unused product to determine 
the remaining concentration of the antioxidant additives 
and thus the remaining useful life of the lubricant



SRV EP Test

ÅASTM D5706 tests the load -carrying capacity of a grease.  
A very small amount of grease is needed to run the step -
load test.  The test provides information on the capability 
of an in -service to continue to provide EP protection.

ÅThe result should be compared to that of the unused 
grease to determine whether the EP properties have 
changed due to additive degradation or depletion.



LubeAlert  Fluid Condition 
Monitoring Service



LubeAlert Basic Packages



LubeAlert Advanced Packages

Elemental 
Metals by ICP

Glycol 
Contamination

iPh
Water by 
Crackle 

Viscosity @ 40Viscosity @ 100 Acid Number
Base Number 

by FTIR 
Ox/Nit/Sul by 

FTIR
Particle Count 

Particle 
Quantification 

Index 

Test 
Package 
Tier Level

ASTM D5185 ASTM D2982 ASTM D7946
Crackle or 

ASTM D6304
ASTM D445 ASTM D445 ASTM D664 ASTM E2412 ASTM E2412 ASTM D7647 ASTM D8184

Landfill/Biogas Gas Engine X X X X X X X X X Tier 5

LubeAlert
ADVANCED



Oil Analysis Interpretation



Benefits of Analyzing Oil Analysis Data

Increase Operational 
Efficiency and Production

Decrease Maintenance 
Costs

Decrease Unexpected 
Downtime

Optimize Lubricant 
Useable Life

Increase Equipment 
Resale Value

Track Equipment 
Condition Trends



HDEO Interpretation Guidelines Ŝ Wear Metals
ELEMENT TYPICAL SOURCE * TYPICAL 

CONDEMNING 

LIMIT **

Wear Metals

Iron Bearing Rods, Journal Bearing Backing, Cylinder 

Liner, Piston Crown, Valves, Rolling Element 

Bearings, Wrist Pin

350 ppm

Nickel Bearing Rods, Journal Bearing Backing, Cylinder 

Liner, Piston Crown, Valves, Rolling Element 

Bearings, Wrist Pin

50 ppm

Chromium Cylinder Liner 50 ppm

Copper Main Bearing, Rod Bearing, Turbo Bearing, Oil 

Cooler, Bushings

250 ppm

Lead Main Bearing, Rod Bearing, Turbo Bearing 125 ppm

Tin Main Bearing, Rod Bearing, Piston Rings, Turbo 

Bearing

50 ppm

Aluminum Engine Casting, Main Bearing, Rod Bearing, Piston 

Crown

50 ppm

Notes:

*  Materials of 
construction vary per 

OEM.

**  Condemning levels 

vary and are set by 
Engine OEM (if at all).  

Typical tolerable levels 

are shown.  Wear 

metals are usually 

observed or 
condemned based on a 

sudden increase in 

value.



HDEO Interpretation Guidelines - Contaminants

ELEMENT TYPICAL SOURCE * TYPICAL 

CONDEMNING LIMIT **

External Contaminants

Boron Coolant 200 ppm

Sodium Coolant 200 ppm

Potassium Coolant 200 ppm

Silicon Coolant, Dirt 80 ppm

Chemical Contaminants

Soot Combustion by-product 7 vol % or When Visc is 

out of grade

Fuel Dilution Fuel Injectors, Air/Fuel 

Ratio

5 wt %

Water Condensation, Coolant, 

Combustion

> 0.5 wt %

Glycol Coolant > 0.1 wt %

Notes:

*  Materials of 
construction vary per 

OEM.

**  Condemning 

levels vary and are set 
by Engine OEM (if at 

all).  Typical tolerable 

levels are shown.  

Wear metals are 

usually observed or 
condemned based on 

a sudden increase in 

value .



HDEO Interpretation Guidelines Ŝ 

Additives & Physical Properties
LUBRICANT PROPERTY 

***

TYPICAL NEW OIL 

RESULTS

TYPICAL CONDEMNING 

LEVEL

Additive Metals

Calcium 1400 ppm < 1200 ppm

Phosphorus 1100 ppm < 600 ppm

Magnesium 800 ppm N/A

Barium 0 ppm N/A

Zinc 1200 ppm < 600 ppm

Sulfur 3000 ppm <1800 ppm

Physical Properties

Viscosity 15.4 cSt @ 100°C +/- 25% change or out of 

grade

Oxidation <5 abs/cm 25 - 30 abs/cm

Nitration <5 abs/cm 25 - 30 abs/cm

AN 2.3 mg of KOH/g 2.0 above new fill, or when 

AN = BN

BN 8.3 mg of KOH/g 20% of new fill

Notes:

***  Additive and 
Physical Property typical 

levels and condemning 

limits are lubricant -

specific.  The table above 

is specific to a random 
HDEO.



Trend Analysis

ÅUsed as a predictive and preventive 
maintenance protocol.

ÅEarly indicator of potential failures.

ÅLook for a change in the slope of the 
results curve.

ÅTypically takes multiple property 
curves to tell a story.



IMPORTANCE OF TREND VS. SINGLE RESULT

Iron wear in 15W-40 engine oil
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However, trending provides 
more valuable data and 
increases the accuracy of a 
diagnostic

Iron wear in 15W-40 engine oil

0

20

40

60

80

100

120

0 10000 20000 30000 40000 50000 60000

Kms on oil

P
a
rt

s 
p

e
r 

m
ill

io
n

 (
p

p
m

)

Example: Assuming result of 100 ppm of iron in 15W -40 engine oil :

No problem as the wear rate is steady. Potential problem ï the wear rate 

has drastically increased.

Useful information may 
be extracted from a 
single sample





Trend Analysis Ŝ Coolant Leak



Common Oil Degradation & Excessive Wear Occurrences

DIAGNOSIS ANALYSIS TREND RESULTS

Main or Rod Bearing Wear **** Increase in lead, copper, and tin.  Increase in aluminum for aluminum bearings.

Wrist Pin Wear Increase in lead and nickel

Liner / Ring Wear Increase in lead, tin, chromium, or nickel

Oil Cooler Erosion Increase in copper only

Soot Saturation General increase in wear metals and soot.

Fuel Dilution, Running Fuel Rich or 
Injector Leak

Fuel dilution measured and decrease in viscosity.

Coolant Contamination Significant detection of coolant additives and possibly glycol. Viscosity increase.

Additive Depletion > 25% reduction in new oil additive levels.  Reduced BN.

Oxidized Oil Oxidation near or above condemning level due to extended drain or high engine 
temperatures.  Viscosity increase.  AN increase.  BN decrease.  Extended oil drain.

Nitrated Oil Nitration near or above condemning levels due to lean Air/Fuel Ratio or excessive blow-by 

gases in crankcase.  Increased liner and piston ring wear metals.  AN increase. BN 
decrease.  Extended Oil drain.

TBN Depletion Significant reduction in BN due to acidic contaminants.

Viscosity Shear out of Grade Significant reduction in viscosity.  Possible general increase in wear metals.

****  Typically, bearings wear first, then durable components begin to show wear.



Interpretation Rules of Thumb

> Normal deposit and wear levels are equipment and environment specific.  

> Trend analysis allows you to condemn based on condemning levels or 
sudden increase in measurements.

> When using trend analysis, condemn fluid based on more than one 
element or property.

> Oil analysis lab report flags will be used well before condemning limits are 
reached.

> While interpreting oil analysis results and trends, consider hours of 
engine service and oil service.  



Investigative Analysis

ÅClose monitoring with Advanced 
analysis may be warranted

ÅFailures

ÅWarranty Claim

ÅSupport Root Cause Failure 
Analysis (RCFA) process

ÅContact your CITGO Sr. Sector 
Manager for investigative testing 
and analysis.



A product quality complaint, if not handled correctly

could not only result in a loss of business, but also a loss of

the customerœs confidence and respect.

LUBRICANT TROUBLE SHOOTING Ŝ 

ROOT CAUSE ANALYSIS


