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Webinar starting soon; wuntil thenO

TEST YOUR KNOWLEDGE

Oil is the life blood of an
engine.



Webinar starting soon; wuntil thenO

TEST YOUR KNOWLEDGE

Water by Crackle is a way to
evaporate water from oil.

True



Webinar starting soon; wuntil thenO

TEST YOUR KNOWLEDGE

FTIR is the acronym for:

First Time Inspection
Results

Front Turbine Inverted
Rotation

Frequent Test
Interpretation Results
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Amber Fessler - NLGI CLGS: STLE CLS & OMA -|

ACITGO Senior Sector Manager
AMaterials Engineer
A 14 Years of Experience in Lubricants

A STLE Certified
A Certified Lubrication Specialist

A Oil 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 }
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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

October 27:. Creating Value
Through OIl Analysis, Part |l

WEBINARS

November 17 : Solving Problems
with Industrial Synthetics

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

ACITGO Senior Product Specialist
AB.S. Mechanical Engineering

A27 Years of Experience in
Lubricants:

APetro-Canada Lubricants, Sr.
Technical Services Advisor

AConoco, Lubrication
Engineer
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ACITGO Senior Technical
Services Representative

AChemical Engineer

AA0+ Years of Experience in
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ASTM







The Value of Oil Analysis




Setting Oil Drain Intervals SHD Diesel Engines

Extended drain intervals beyond OEM - z\ 4 J -

recommended drain must be supported by routine —
oil analysis ~

Run Viscosity, Base Number, Oxidation and
Nitration

1. Sample at OEM recommended drain interval
Sample at increments of 100 hours or 10K miles
Continue part 2 until two of the above

properties are at condemning

Drain crankcase at condemning and make note
of hours or miles of drained ol

Continue steps 1 through 4, five times

Decide to establish the drain at the lowest
Interval or the average of five intervals.
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Setting Oil Drain Intervals SNatural Gas Engines

Extended drain intervals beyond OEM
recommended drain must be supported by
routine oll analysis

Run Viscosity, AN, BN, Oxidation, and Nitration
1. Sample at OEM recommended drain interval

2. Sample at increments of 500 hours or 2
weeks

3. Continue part 2 until two of the above
properties are at condemning

Drain crankcase at condemning and make
note of hours of drained aill

Continue steps 1 through 4, five times

Decide to establish drain at lowest interval or —i1
the average of five intervals. 1=, [N — | <
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Fatigue Life - Million Revolutions

Extend Equipment Life - Particles

Improving cleanliness
in this range

produces HUGE life
extensions
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Extend] Equupmeantiiéfe - Watenr
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*Cantl ey, R., AiThe Effect of Water in Lubricating Oil on Bearing Fatigue
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Cost aff Eqpujpnmaeht
Replacenanit

HD Diesel Engine = $200K

HD Automated Manual Transmission = $8K

High Speed Natural Gas Engine = $500K
Rotary Screw Gas Compressor = $100K

Rotary Screw Air Compressor =$70K

Hydraulic Power Unit = $50K

Hender Gearbox = $70K

| A ERSA R A o

Cost aftEguppmant
Repairs

Diesel Engine Head Gasket = $10K

Diesel Engine Rod Bearing = $3K

Natural Gas Engine Cylinder Head = $8K

Hydraulic Servo Valve = $5K

Hydraulic Pump = $4K

Gearbox Bearing = $1.5K




Equipment
Health &

Monitoring

Assessment

Particles

Wear Metals

Oxidation

Contaminant Metals

Nitration




Lubricant
Health
Monitoring

Contaminant
Metals

Acid Number

Additive Metals




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
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All Gearhoxes

[Natural Gas Compressor

Alr Compressor

[Refrigeration Compressor

[Industrial Hydraulics

[Bearings

[Gas Turbine
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ubeAlert 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




Routine Tests




Viscosity ASTM D445

The most fundamental property of a lubricant

Measure of a fl|l ui daoes
given temperature:

AKinematic viscosity : Calculated time for a
volume of liquid to flow under gravity
through a calibrated glass capillary
viscometer.

ASaybolt viscosity : Direct measurement of
kinematic viscosity by recording flow time
through a straight tube.




Fluid is drawn up above the upper maker

|

Upper marker -—

Lower marker —-

Capillary —

Upper marker =7

Capillary —

Lower marker -—

Automatic

Viscosity ASTM D445

Manual Procedure:

1.

Capillary tube in hot bath of aill

medium (40 °C or 100°C)

Test fluid is drawn to above top marker
Time measured for olil to flow between
two markers

Capillary tube constant applied for ¢St

Automated Procedure Difference:

A Test fluid dispensed from above



Viscosity ASTM D445

Results:
AThere are two types of viscosity, the
Kinematic viscosity, A

A The kinematic viscosity is easier to measure and is typically measured using
a capillary viscometer

A The units of kinematic viscosity are mm2/s
A 1 mm2/s = 1 centistokes ( cSt), a more commonly used unit
A Saybolt Viscosity (SSU) ~ ¢St X 5

AThe dynamic viscosity, B, can be obtair
viscosity, h, by the density, 8, of t he

4



Measure of Elemental Metals in the Fluid

A Additive Elements
A Wear Metals
A Contaminants

Fluids

A Used Lubricants

A Unused Lubricants
A Base Oils

A Water/Glycol Fluids

Atomic Emission Spectroscopy (AES)
Alnductively coupled plasma (ICP), argon plasma, most E I e m e n tal

A(I;%r;r;r?; disc electrode (RDE), high voltage discharge A n a- I yS I S
(Spectroscopy)

Procedure

A weighed portion of a thoroughly homogenized used or unused A S T M D 5 1 8 5

lubricating oil or base ail is diluted tenfold by weight and introduced into

the ICP instrument by free aspiration or pumping. Emission intensities
are compared to standards to determine elemental concentrations.



Results: Parts Per Million (PPM)

7z

Significance of Results:
A Additive element reduction may

Indicate additive depletion

Foreign additive elements may
Indicate contamination

Concentrations of wear metals
may indicate abnormal wear

Sodium, potassium, and silicon
can indicate an engine coolant
leak




AWater
AFuel
AAntifreeze
AAdditive
ADegradation

Fourier

Transform
Absorbs infrared radiation to generate a spectrum

AVery small sample Infrared (FTI R)
APerformed in approximately one minute A na I y g | g

AProvides multiple pieces of data

AMost bang for your buck ASTM E2412

Procedure



Fourier Transform Infrared (FTIR)

_—

4
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Significance of Results:

A Indicates fluid contaminants and conditions
A Spectrum comparison to indicate changestoin -

service products

Results:

A In-service Lubricants
A Additive Depletion

A Contamination Buildup
A Base Stock Degradation
Contaminants:

A Water

A Soot

A Ethylene Glycol
AFuels

A Incorrect Oil

A Lubricant Condition (Abs/Cm):

A Oxidation, Nitration, and
Sulfonation
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Water by Crackle [===

No free or emulsified water
(<0.05%)

Observation test to detect. Very Smail Bubbles (0.5 mem
the presence of water in oll ° quickly disappear.

0.05 - 0.1%

Bubbles approximately 2 mm are

Procedure:

1. Heat hot plate to 160 °C (320°F) Sriarge 1o Smm. and disanpear
2. Dispense two drops oil on hot plate ~ESeTRE

3. Note visual characteristics of oil on plate E—

Bubbles 2-3 mm are produced
growing to 4 mm, process
repeats, possible violent bubbling

Significance of Results: and audible crackling.
Will vary per lubricant RO T 53
If positive, run Water by Karl Fisher

=0.2%

Figure 1: Visual
representation of expected
bubbling behaviour in oil
samples. Concentrations are
estimated only and cannot
be reported as definitive.




The direct measurement of water in an
In-service oll sample.

When the water by crackle test is
positive, the Karl Fischer titration test is
a follow -up test

Procedure:

A Oil sample injected directly into titration
cell

A The instrument performs the titration : Water by Karl
ANumerical result produced Fischer Titration

ASTM D6304




Water by Karl Fischer

ATotal water content

ARange of 20 parts per million (ppm) to
25,000 ppm (2.5%)

Significance of Results:

AStay in service
ADehydrate
AReplace fluid




Acid Number ASTM D664

Used to measure how much acid
or base material it takes to
neutralize an alkaline or acid
fluid, respectively.

Procedure:

The sample is dissolved in a titration
solvent and titrated potentiometrically
with alcoholic potassium hydroxide.



Acid Number ASTM D664

Significance of Results:

A New and used lubricants may contain acidic constituents such as additives
or degradation products formed during service

Acid Number is an indication of the condition of In -service lubricants
Acid number increases with oxidation of the oill

The relative amount of acidic constituents can be determined by titrating
with a base

A Acid number limits (value or change from baseline) are included in several
standards for in -service oil monitoring

v > D



Base Number ASTM D4739

Used to measure how much acid or
base material it takes to neutralize an

alkaline or acid fluid, respectively.

Procedure:
The sample is dissolved into a combination

of solvents and titrated potentiometrically
with alcoholic hydrochloric acid solution.




Base Number ASTM D4739

_ " e
Results:
Base Number is a measure of the alkalinity of a lubricant. In particular, engine
oils are formulated with alkalinity to neutralize acidic products of combustion.

Significance of Results:
A decrease in base number generally indicates consumption of the basic
additive components (typically detergents) in the oil formulation.
Standards for in -service engine oll monitoring often contain a lower limit for
base number (value or change from baseline).

¥

——




A practical method to determine Base
Number by FTIR has been developed to
produce ASTM D4739 -similar BN results.

Procedure : Numeric algorithms are used to
calculate Base Number based on curves

from common alkaline compounds
detected by FTIR (ASTM E2412).

Base Number

By FTIR



Base Number by FTIR

Results:

Expressed as mg KOH/ml -same asin
ASTM D4739

Significance of Results:

A Repeatability is high.

A Service laboratories can achieve
significant savings in time and labor.

A Reduces environmental and
maintenance impact associated with
titration.

A Game changer.




ASTM D7593 Gas Chromatography s the first
Indication of fuel dilution is often a lower ol
VISCOSIty

Procedure:

Methods for detecting fuel dilution: | e
A Viscaosity -
A Flash Point
A Fourier Transform Infrared (FTIR) Analysis

Tests that indicate or confirm fuel dilution:

A Surface Acoustic Wave Vapor Sensor
A Gas Chromatography




Results: Vol%

Significance of Results

Multiple conditions can
';‘E contribute to fuel dilution

# AStop-and-go driving
ACold weather start -up
i === AFuel injector issues
| “ B APoor combustion
AWorn -out engine parts
™ AEXxcessive acceleration
A Fuel/air mixture too rich

AFaulty fuel injectors

|l =

Fuel Dilution



I

' Determines the

concentration of soot In
INn-service engine oils and
other products where
SO0t can occur.

|

Soot in engine oll is determined by the absorption intensity at a
prescribed wavenumber. The value forthein  -service oll is

compared to the value of new reference oll using either direct
trend analysis or differential trend analysis.




Results:

The soot content in a sample is determined by comparison with the FTIR
spectrum for the unused oil. The soot content can be trended over
multiple oil samples. Due to formulation effects, the soot values for oils of

different formulations should not be compared.

Significance of Results:

Soot is generated during combustion in engines, primarily in
diesel engines. The accumulation of soot in engine oil tends to
cause the oll to become more viscous (thicken).




Particle Count SD7647, ISO 4406

AThe test method is specific to
automatic particle counters that
use the light extinction principle.

AA sample is agitated to make
sure itis homogeneous. Itis

diluted with an appropriate
solvent to mask the presence of
water, agitated again, degassed,
and then passed through the

particle counter.
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Particle Count SD7647, 1SO 4406

- « A Technique for quantifying the number
of microscopic particles in a lubricant
and the size distribution of the particles.

— 3
‘ A I1SO 4406 is a system whereby the raw
: -~ numbers of particles are converted to
P 4 codes that cover a range of numbers of

- / particles.

A Hard particles can have a negative effect
on the equipment

A Particle count results can help the user
p— assess the operation of the equipment
and the effectiveness of filtration
systems
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Particle Quantification (PQ) Index

Relative measurement of the total ferrous metal
content of an oil sample, regardless of the size
or shape of the particles, by means of detection
by a magnetic field.

Procedure:

1. Sample bottle is shaken to release sediment
from sample bottle bottom.

2. Sample bottle inverted and magnet worked
across cap to drag ferrous particulates to cap.
3. Bottle is placed on test carousel upside down
with cap on tight.

4. Ferrous metals detected through cap as
carrousel turns.



