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Webinar starting soon; wuntil thenO

TEST YOUR KNOWLEDGE

We cannot detect large

particles through oll
analysis.

True



Webil nar start

TEST YOUR KNOWLEDGE

Trend Analysis is the practice of
recording trends of engine failures in
the Commercial Trucking industry.
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Webinar starting soon; wuntil thenO

TEST YOUR KNOWLEDGE

With th e RULer Test, we look for:

The size of particles in an
o]

How well a gas turbine is
performing
How long a trend has
lasted
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Amber Fessler - NLGI CLGS: STLE CLS & OMA -|

ACITGO Senior Sector Manager
AMaterials Engineer
A14 Years of Experience in Lubricants

ASTLE Certified
ACertified Lubrication Specialist

AQil Monitoring Analyst |

ANLGI Certified

A Certified Lubricating Grease
Specialist
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Want Resources?

a Home (Lubes)

Welcome, Lubricants Customers, to CITGO MarketNet ®

MARKETER AUTOMOTIVE
COUNCIL LUBRICANTS

INFORMATION PROGRAM

; : Learn About PRODUCT
. ﬂ:ggr)ola'e‘masrrg LubéAlert! REFERENCE }

—

GREASE
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Experience the Improved Mystik
Lubricants Website

We are thrilled to unveil the newly redesigned Mystik Lubricants website!
With its sleek new look and improved navigation, accessing all of our iconic
products and resources your customers love has never been easier.
Effortlessly browse through a wide selection of articles, white papers, videos, case studies, technical assets and much
more.

See the difference today on the Mystik Lubricants website!
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Future Webinars

November 17 : Solving Problems
with Industrial Synthetics

WEBINARS

December 15 : Guiding
Customers and Solving Problems
with Pl Sheets
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Frank Hayes - CLS, OMA-I, MLA-I, MLT -,
CLGS & CRC

ACITGO Senior Product Specialist

AB.S. Mechanical Engineering

A27 Years Experience in
Lubricants, including with

APetro-Canada Lubricants, Sr.
Technical Services Advisor

AConoco, Lubrication
Engineer
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David Turner SNLGI CLGS, STLE CLS & OMA -

ACITGO Senior Sector
Manager

AChemical Engineer

A40+ Years Experience in
Lubricants

AActive in STLE, NLGI, and
ASTM







Advanced Laboratory Analysis




Analytical Ferrography

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

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

Ferrous particles are
suspended inthe
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,
compasition,
morphology, and

surface condition of the
ferrous and non -ferrous
wear particles.




Analytical Ferrography I

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

Non -ferrous particles:
AWhite non -ferrous particles
ACopper particles

ABabbitt particles
AContaminants

AFibers

Courtesy of Australian Laboratory Servieds S



Analytical Ferrography I

Ferrous Patrticles:
AHigh alloy steel
ALow alloy steel
ADark metallic oxides
ACast iron

ARed oxides (rust)

Courtesy of Australian Laboratory Servieds S
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Analytical Ferrography

Red Oxides (rust) with clear spheres

Large fatigue wear particle. Bresent, these could be sandblasting

eads.

Courtesy of Australian Laboratory Serviedd.S
EEE.——_——_—_—_—_—_—_——_—_————_————
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Analytical Ferrography

Ferrous and Bronze wear patrticles. The ferrous _ _
wear particles appear to be delamination from Ferrous and Bronze wear patrticles. Typical of a
the sliding -fatigue wear process. surface breaking up from high temperatures.

Courtesy of Australian Laboratory Servieds S




L0 LA A1

Analytical Ferrography

Heavy concentration of rubbing wear and black
o _ _ _ oxides. Rubbing wear can be considered
Significant red oxides (rust) particles are likely Enor mal ce but the amount pr e:
due to water in the system. surface is wearing rapidly.

Courtesy of Australian Laboratory Servieds S



Direct -Reading
Ferrography

AThis method uses light obscuration to
measure the amount of large and small ‘ , S
particles. \ N <

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

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

Courtesy of Australian Laboratory Serviedd S



ISO Particle Count SPart 2

Number of particles per millilitre

Scale number

ARl el

More than Up to and including
2500000 >28
1300000 2500000 28
640000 1300000 27
320000 640000 26
160000 320000 25
80000 160000 24
40000 80000 23
20000 40000 22
10000 20000 21
5000 10000 20
2500 5000 19
1300 2500 18
640 1300 17
320 640 16
160 320 15
80 160 14
40 80 13

20

40

12

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




ISO Particle Counting

AParticles are measured
at > 4BRand >34@.

AFiltration to remove fine
particles helps to extend
equipment life.

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



Distillation A%

AMethod for determining the
amount of fuel dilutioninanin -
service engine oll.

AThe distillation curve of a product
IS determined primarily by the
base olls in the product.

AFuel dilution causes the distillation
curve to be skewed.
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Rotary Pressure Vessel Oxidation Test S
RPVOT SASTM D2272

A Mostly used for turbine oils. -
A Pressurized container with

oll water and copper. = NN | Lo
A Test ends at 25 psi drop. Ne
A Results recorded in minutes.

A Indicates remaining life of
lubricant.
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AVarnish is an issue in many lubricated systems.

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

AThe lower solvency of API Group Il and Il base oils and PAO (AP
Group V) has led to a greater incidence of varnish issues.

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




AASTM D7843, the membrane patch colorimetry
(MPC) test, was developed to provide an estimation
of the content of varnish inanin -service oll.

AMPC measures the color bodies of insoluble varnish
materials in the oll sample.

AThe oil is diluted with a non  -polar solvent and passed
t hrough a 0.45B filter patch.

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

AThe hue and intensity are indicators of the level of
varnish in the oll.
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RULer Test SASTM D6971 (turbine oil)

ALinear 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.

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

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

AThis allows informed decisions about oil changes or other
technigues to extend the service life of the all.




AU EEERRAAA

In-Service Grease Analysis

Multiple tests can be used or adapted for the analysis-sémice
grease samples:

Appearance Pressure Differential Scanning
Water by Crackle Calorimetry (PDSC)

FTIR Analysis Remaining Useful LIfRULeY
Elemental Analysis SRV (EP Test)

Ferrography and Ferrous Density *

Penetration (20r Vzscale)
Grease Rheometry




Appearance

AAppearance is often overlooked as a diagnostic e
tool In inservice greased analysis. T

AThe color of the product may indicate whether o .
the correct product was used or If the product L
was contaminated with a competitive product. '

AA change of the color of a known product may ST g
Indicate degradation due to exposure to .
excessively high temperature. . e

AA change in the texture of the grease may B
indicate the presence of environmental B ¢

contaminants, wear particles, or even water in | S
the grease.




Water by Crackle

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

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

APopping or crackling indicates water
presence.

AA trained ear can differentiate between
ow and higher levels of water
contamination.

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




FTIR Analysis

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

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

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




Elemental Analysis

AElemental 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.

AElemental 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 sampile.
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Small -Scale Penetration

Alf the in -service grease sample is of
sufficient volume, a2 -scale or ¥4-scale
penetration test can be performed.

AThose tests provide the NLGI consistency
grade of the material.

AA significant change in consistency may
Indicate oll separation, evaporation loss,
or contamination with a different product
or a fluid material.







Pressure Differential Scanning
Calorimetry (PDSC)

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

AThe 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

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

AAs 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

AASTM D5706 tests the load -carrying capacity of a grease.
A very small amount of grease Is needed to runthe step -
load test. The test provides information on the capabillity
of an In -service to continue to provide EP protection.

AThe 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

Diesel Englne
Gasoline Engine
Transmission
Differential
Statlonary Gas Engine

Particle

Elemental Water by Base Number | Ox/Nit/Sul by Test Package
Fuel Soot% | Fuel Dilution % Viscosity @ 40 |Viscosity @ 100 Acid Numb Particle Count tificati
Metals by ICP uel So0 ue on Crackle scosity @ scosity @ cid Number by FIR R article Count | Quantification Ter Level
Index
ViscosityShift | Crackle or
ASTMD5185 | ASTMD7844 ASTMDT563 | ASTM D634 ASTMD445 | ASTMD445 | ASTMD664 | ASTME2412 | ASTME2412 | ASTMD7647 | ASTMD8184

Fo| eSS e

All Gearhoxes

[Natural Gas Compressor

Alr Compressor

[Refrigeration Compressor

[Industrial Hydraulics

[Bearings

[Gas Turbine

| s |2 [ 2 0 )

e o s | 2 | | | | BB

El Eal Bl Bl ol Bl K

Tl Bl Bl Bl Eal Bl Bl B

FEA R kel Bl el el Bl Bl 2= 2= 3= | D2




LubeAlert Advanced Packages

LubeAlert
ADVANCED

Particle
Elemental Water by Base Number | Ox/Nit/Sul by Test Package
FuelSoot% |Fuel Dilution % Viscosity @ 40 |Viscosity @ 100 Acid Number Particle Count | Quantification
Metals by ICP Crackle e e by FTIR FTIR ¢ Index Tier Level
Viscosity Shift | Crackle or
ASTMD5185 | ASTM D7844 ASTH D7583 D304 ASTMDA445 | ASTMD445 | ASTMDBG4 | ASTME2412 | ASTME2412 | ASTMD7647 | ASTMDB184

Natural Gas Compressor
Air Compressor
Refrigeration Compressor
Industrial Hydraulics
Bearings
Gas Turbine
. Particle Test
Elemental Glycol : Water by : . 'L : . . Base Number| Ox/Nit/Sul by . e
L u be Al e rt Metals by ICH Contamination iPh Crackle Viscosity @ 4(Viscosity @ 100Acid Number by FTIR FTIR Particle Count| Quantification Eackage
Index Tier Level
ADVANCED
ASTM D5185 ASTM D29821 ASTM D7946 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




Oil Analysis Interpretation




B nerits of Analvzing Oil Analveis Do N RGCE_N
Benefits of Analyzing Oil Analysis Data

»
Jad i
Track Equipment ama Increase Operational
Condition Trends Efficiency and Production

A &

Decrease Maintenance Decrease Unexpected
Costs Downtime
Optimize Lubricant Increase Equipment

Useable Life Resale Value




HDEO Interpretation Guidelines SWear Metals
ELEMENT TYPICAL SOURCE * TYPICAL
CONDEMNING
LIMIT **
Wear Metals
Iron Bearing Rods, Journal Bearing Backing, Cylinder 350 ppm
Liner, Piston Crown, Valves, Rolling Element
Bearings, Wrist Pin
Nickel Bearing Rods, Journal Bearing Backing, Cylinder 50 ppm
Liner, Piston Crown, Valves, Rolling Element
Bearings, Wrist Pin
Chromium Cylinder Liner 50 ppm
Copper Main Bearing, Rod Bearing, Turbo Bearing, OIl 250 ppm
Cooler, Bushings
Lead Main Bearing, Rod Bearing, Turbo Bearing 125 ppm
Tin Main Bearing, Rod Bearing, Piston Rings, Turbo 50 ppm
Bearing
Aluminum Engine Casting, Main Bearing, Rod Bearing, Piston |50 ppm
Crown

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 5wt %
Ratio
Water Condensation, Coolant, > 0.5wt %
Combustion
Glycol Coolant >0.1wt %

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 S
Additives & Physical Properties

LUBRICANT PROPERTY

TYPICAL NEW OIL

TYPICAL CONDEMNING

kK RESULTS LEVEL
Additive Metals

Calcium 1400 ppm < 1200 ppm
Phosphorus 1100 ppm < 600 ppm
Magnesium 800 ppm N/A

Barium O 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
s specific to a random
HDEDO.




Trend Analysis

A Used as a predictive and preventive
maintenance protocol.

A Early indicator of potential failures.

A Look for a change in the slope of the
results curve.

A Typically takes multiple property
curves to tell a story.
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IMPORTANCE OF TREND VS. SINGLE RESULT

However, trending provides

Useful information ma
y more valuable data and

b.e extracted from a Increases the accuracy of a
single sample diagnostic

Example: Assuming result of 100 ppm of ironin 1I5W  -40 engine oll :

Iron wear in 15W-40 engine oil Iron wear in 15W-40 engine oil
120 120
E 100 /@ € 100
< 80 / 2 80
= 60 2 60
E =
§ 40 // g 40
E 20 &gu 20 e
0 ! ! ! ! ! O T T T T T
0 10000 20000 30000 40000 50000 60000 0 10000 20000 30000 40000 50000 60000
Kms on oll Kms on oil
No problem as the wear rate is steady. Potential problem i the wear rate
has drastically increased.




LubeAlert.
UIN 0AE11BE
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LI RN DI

DATE SAMPLED 19-Aug-25 14-Mar-25 11-Sep-24 21-Mar-24 21-Mar-24 12-0ct-23
DATE RECEIVED 02-Sep-25 21-Mar-25 26-Sep-24 15-Apr-24 15-Apr-24 17-Dct-23
DATE REPORTED 03-Sep-25 27-Mar-25 27-Sep-24 16-Apr-24 16-Apr-24 18-0ct-23
LAB NO. 43022105640 41023844142 80001870047 80001870046 BO001 665380 80001837124
SIF NO. TOE01 6063 TO54T 1368 TO5264102 TO5264101 TOAT4E6142 TOE2295934
TIME ON LIMIT mi 491116 1] 414113 JEE2ET 368267 321202
TIME ON OIL mi 31461 81542 45847 BavTo BEHTTS 41714
OIL BRAMND Citgo Citgo Citgo Citgo Citgo Citgo
OIL TYPE Citgard 700 MFE Citgard 700 MFE  Citgard 700 MFE ~ Citoard 700 MFE  Citgard 700 MFE  Citoard 700 MFE
OIL GRADE SAE 10W30 SAE 10W30 SAE 10W30 SAE 10W30 SAE 10W30 SAE 10W30
OIL ADDED 0.0 0.0 1.0 1.0 0.0
FILTER 31461 81542
OIL CHANGED Mot Changed Changed Mot Changed Changed Changed Mot Changed
WO MNUMBER 21161G80015 211615690026 21161690026 21161690230
Physical / Chemical
Base number (mgkKOH/g) 4.8 4.0
Oidation (Abs/0_1mm) 19 25
E2412/D7414
Mitration (Abs/0.1mm) E2412 10 12
Sulphation (Absi0. 1mm) 22 26
E2412/D7415
Metals (ppm)
Iron (Fe) 3 36 T4 55 55 21
Chromium {Cr) 3 4 1 4 4 2
Lead (Pb) S| =1 =i = <q <1
Copper (Cu) 85 350 21 a0 30 36
Tim (Sn) =1 =1 <1 4 4 1
Aluminium (Ad) 13 18 28 18 18 2]
MNickedl (Mi) 2 =1 1 <1 <1 2
Silver (Ag) =1 =1 =1 <1 <1 <1
Titanium (Ti) = =1 =i = < <1
Vanadium (W) =1 =1 <1 =<1 =<1 <1
Contaminants (ppm)
Silicon (Si) 5 T B -] L] 4
Sodium (Ma) 68 33 1474 3 3 3
Patassium (K) 57 26 1433 16 16 3]
Additives (ppm)
Magnesium (Mg) 873 498 925 1013 1013 1039
Calcium (Ca) 1281 1600 1118 1131 1131 1123
Barium (Ba) =1 =1 1 =1 =1 =1
Phosphorus (P) 1058 1029 Q06 1049 1049 1075
Zinc (Zn) 1319 1220 1185 1256 1256 1334
Molybdenum (Mao) 67 52 141 65 65 B4
Boron (B) =5 24 =5 =5 =5 <5
Contaminants
Water (%) =0.05 =0.05 =1 =1 =1 =1
Coolant Yes | Mo
Physical Tests
Viscosity (¢St 100C) 104 12.4 10.8 112 112 10.4
Fuel (%) 3 =1 =1.0 <2 <2 =1.0
Soot (%) Infrared D7844 09 Q.7 0.4 or or 0.4




Trend Analysis S Coolant Leak

== Chromium (Cr) == ran (Fe)
80 - -12
- 10
e %0 HEE:
= 40 - -6 =
Metals (ppm) & 20 -4 e
Iran (Fe) 3 36 74 55 55 21 |2
Chramium (Cr) 3 4 11 4 4 2 0 o
Lead (Pb) =1 =1 =1 =1 =1 =1
Copper (Cu) 85 350 51 a0 30 36 3ms2e7 H14113 49118
Tin (Sn) =1 =1 =1 4 4 1 32202 J6826T 485655
Aluminium (Al) 13 18 28 18 18 g
Mickel (Ni) 2 <1 1 =1 <1 2 .
Silver (Ag) =1 =1 =1 < <1 =1 = Copper{Cu) == Lead(Pb) ====Tin(Sn)
Titarium (Ti) =1 =1 =1 B3 e <1
Wanadium (V) =1 =1 =1 =1 =1 =1 350
Contaminants (ppm) 300
Silicon (5i) 5 7 B 6 & 4 250 |
Sadium (Na) 68 33 1474 3 3 3
Potassium (K) 57 26 1433 16 16 6 = 2004
Additives (ppm) o 1504
Magnesium (Mg) 873 498 825 1013 1013 1038 100
Caleium (Ca) 1291 1600 1118 1131 1131 1123 50
Barium (Ba) = =i 1 <1 < <1 ol
Phospharus (P) 1058 1029 906 1048 1049 1075
Zinc (Zn) 1319 1220 1185 1256 1256 1334 SB8267 414113 491118
Molybdenum (Ma) 67 52 141 65 5 B4 321202 Iz8267 455655
Boron (B) <5 24 <5 <5 <5 <5
Contaminants
Water (%) <0.05 <0.05 =1 <1 <1 <1 — Aluminium (Al) === Sodium (Na) == Silicon (Si)
Coolant Yes ] Mo
Physical Tests
Viscosity (¢St 100C) 10.4 12.4 10.8 112 112 10.4 T&I0
Fuel (%) <1 <1 <1.0 <2 <2 <1.0 1400 J’\
Soot (%) Infrared D7&44 09 0.7 0.4 0.7 0.7 0.4 }ﬂ ] . \
® © ®©® © © ©|:F = AR
B0 |
400 F 4 -
260 b \
o 4_4-—_—-“H—.
36826T 414113 491118
321202 3gH267 495855
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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 Fuel dilution measured and decrease in viscosity.

Injector Leak

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.
e



Interpretation Rules of Thumb

> Normal deposit and wear levels are equipment and environment spe

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

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

> Oll analysis lab report flags will be used well before condemning limi
reached.

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




Investigative Analysis

A Close monitoring with Advanced
analysis may be warranted

A Failures
A Warranty Claim

A Support Root Cause Failure
Analysis (RCFA) process

A Contact your CITGO Sr. Sector
Manager for investigative testing
and analysis.




LUBRICANT TROUBLE SHOOTING S
ROOT CAUSE ANALYSIS

A product quality complaint, if not handled correctly

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




