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Lubricants formulated with additives
from Vanderbilt Chemicals have
“SUPERHERO” Performance.

ANTIOXIDANTS

VANLUBE® AZ - Zinc diamyldithiocarbamate.
VANLUBE EZ - Zinc diamyldithiocarbamate and diamyl ammonium diamyldithiocarbamate.
VANLUBE NA - Alkylated diphenylamine.
VANLUBE RD - Polymerized TMQ.
*VANLUBE 81 - Purified dioctyldiphenylamine.
VANLUBE 887 - Ashless antioxidant synergist.
*VANLUBE 961 - Octylated and butylated diphenylamine.
VANLUBE 1202 - Alkylated PANA.
*VANLUBE 7723 - Methylene-bis-dibutyldithiocarbamate.
VANLUBE BHC - Phenolic antioxidant.

FRICTION REDUCERS/EP-ANTIWEAR AGENTS
MOLYVAN® L - Molybdenum phosphorodithioate.
MOLYVAN 822 - Molybdenum dithiocarbamate.
**MOLYVAN 855 - Molybdenum friction reducer/no sulfur, no phosphorus.
*VANLUBE 73 - Antimony dithiocarbamate.
VANLUBE 73 Super Plus - Antimony dithiocarbamate & zinc diamyldithiocarbamate.
*VANLUBE 829 - Dimercaptothiadiazole (DMTD) dimer.
VANLUBE 869 - Synergistic zinc dithiocarbamate/ sulfurized olefin mixture.
VANLUBE 871 - Ashless multifunctional dimercaptothiadiazole.
VANLUBE 972M - Thiadiazole derivative in a butoxytriglycol polyethylene
glycol blend.
*VANLUBE 7611M - Ashless phosphorodithioate.
VANLUBE 8610 - Synergistic antimony dithiocarbamate/sulfurized olefin mix.
*VANLUBE 9123 - Amine phosphate.

METAL DEACTIVATORS
*CUVAN® 303 - Benzotriazole derivative.
CUVAN 826 - Dimercaptothiadiazole derivatives.
NACAP® - Aqueous sodium mercaptobenzothiazole.
VANCHEM® NATD - Aqueous disodium dimercaptothiadiazole.
VANLUBE 601 - Heterocyclic sulfur-nitrogen compound.
VANLUBE 601E - Heterocyclic sulfur-nitrogen compound.
VANLUBE 704S - Barium sulfonate blend.

RUST INHIBITORS
*VANLUBE RI-A - Dodecenylsuccinic acid derivative.
VANLUBE RI-G - Fatty acid derivative of imidazoline.
VANLUBE 8912E - Synthetic neutral calcium sulfonate.
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MOLYVAN 3000 - Molybdenum dithiocarbamate.
MOLYVAN FEI Plus - Antioxidant, Antiwear, Friction
Reducer Blend
VANLUBE W324 - Dialkylammonium Tungstate in oil.
TPS™ 20, 32 & 44 - Polysulfides used for EP applications.
VANLUBE 289 - Borate Ester.
VANLUBE 972 NT - Thiadiazole derivative in a polyalkylene
glycol diluent blend, HAPs free.
VANLUBE 996E - Methylene bis(dibutyldithiocarbamate)
tolutriazole derivative.
VANLUBE RI-BSN - Neutral Barium Dinonylnaphthalene
Sulfonate.
VANLUBE RI-CSN - Neutral Calcium Dinonylnaphthalene Sulfonate.
VANLUBE RI-ZSN - Neutral Zinc Dinonylnaphthalene Sulfonate.
VANLUBE 0902 - Multi functional S/P package.
VANLUBE 407 - Antioxidant
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We have over 50 lubricant additives available to meet your specific
requirements. Our technical staff can also custom-develop
products for you.

Registered and pending trademarks appearing in these materials are those of R.T. Vanderbilt Holding Company, Inc. or its respective wholly owned subsidiaries. For complete listings, please visit this location for trademarks, www.rtvanderbiltholding.com. NSF is a registered trademark of NSF International. UL is a registered trademark of UL LLC. TPS is a trademark of
Arkema, Inc. Before using any of these products, read and comply with the information contained in the MSDS, label and other product literature.

PRESIDENT:

VICE PRESIDENT:

David Como
Dow Corning Corp.
P.O. Box 0994
Midland, MI 48686

Joe Kaperick
Afton Chemical Corporation
500 Spring St.
Richmond, VA 23218-2158

SECRETARY:

TREASURER:

Jim Hunt
Tiarco Chemical
1300 Tiarco Drive
Dalton, GA 30720

Dr. Anoop Kumar
Royal Manufacturing Co., LP
516 S, 25th West Ave.
Tulsa, Oklahoma 74127

PAST-PRES./ADVISORY:

EXECUTIVE DIRECTOR:

Chuck Coe
Grease Technology Solutions LLC
7010 Bruin Ct.
Manassas, VA 20111

Kimberly Hartley
NLGI International Headquarters
249 SW Noel, Suite 249
Lee’s Summit, MO 64063

DIRECTORS
Barbara Bellanti
Battenfeld Grease & Oil Corp.
of NY
P.O. Box 728 • 1174 Erie Ave.
N. Tonawanda, NY 14120
Richard Burkhalter
Covenant Engineering
Services
140 Corporate Place
Branson, MO 65616
Dr. Faith Corbo
King Industries, Inc.
Science Road
Norwalk, CT 06852
Gian L. Fagan
Chevron Lubricants
100 Chevron Way
Room 71-7338
Richmond, CA 94802
Tyler Jark
Lubricating Specialties Co.
8015 Paramount Blvd.
Pico Rivera, CA 90660
Wayne Mackwood
Chemtura
199 Benson Rd.
Middlebury, CT 06749
Dwaine (Greg) Morris
Shell Lubricants
526 S. Johnson Drive
Odessa, MO 64076
Dennis Parks
Texas Refinery Corp.
One Refinery Place
Ft. Worth, TX 76101

John Sander
Lubrication Engineers, Inc.
P.O. Box 16447
Wichita, KS 67216
Tom Schroeder
Axel Americas, LLC
P.O. Box 12337
Kansas City, MO 64116
Simona Shafto
Koehler Instrument Co.
85 Corporate Dr.
Holtsville, NY 11716
Dr. Huafeng “Bill” Shen
Bel-Ray Co.
P.O. Box 526
Farmingdale, NJ 07727
Thomas W. Steib
The Elco Corporation
1000 Belt Line Street
Cleveland, OH 44109
Lisa Tocci
Lubes ’n’ Greases
6105 Arlington Blvd., Suite G
Falls Church, VA 22044
Mike Washington
The Lubrizol Corporation
29400 Lakeland Blvd.
Mail Drop 051E
Wickliffe, OH 44092
Ruiming “Ray” Zhang
R.T. Vanderbilt Company, Inc.
30 Winfield St.
Norwalk, CT 06855

George Sander
FMC-Lithium Division
2801 Yorkmont Rd., Suite 300
Charlotte, NC 28208

NLGI

OFFICERS

SPOKESMAN

Serving the Grease Industry Since 1933 – VOL. 81, NO. 1, MAR/APR 2017

4		 President’s Podium
6		 NLGI 84th Annual Meeting Preliminary Program
16 Commercial Papers
18 A Discussion on Intrinsic Antiwear and Extreme-

Pressure Performance of Overbased Calcium
Sulfonate Complex Grease and Overbased Calcium
Oleate Complex Grease
Ruiming “Ray” Zhang

28 	 Observation
of Thickener Structure in Grease
Michitaka Yoshihara & Tsutomu Moriuchi
34 P olypropylene a new thickener technology for energy
efficient lubrication

Johan Leckner & René Westbroek

57 NLGI India Chapter’s 19th Lubricating Grease
Conference

TECHNICAL COMMITTEE
CO-CHAIRS:

CHAIR, SESSION PLANNING:

Chad Chichester
Dow Corning Corporation
2200 W. Salzburg Rd., C40C00
Midland, MI 48686

Wayne Mackwood
Chemtura
199 Benson Rd.
Middlebury, CT 06749

58 Industry Calendar of Events
59	Advertiser’s Index

David Turner
CITGO
1293 Eldridge Parkway
Houston, TX 77077

ON THE COVER
CHAIR: SPONSORSHIP AND
MEMBERSHIP COMMITTEES
CHAIR:
J im Hunt
Tiarco Chemical
1300 Tiarco Drive
Dalton, GA 30720

EDITORIAL REVIEW COMMITTEE
CHAIR:
Joe Kaperick
Afton Chemical Corporation
500 Spring St.
Richmond, VA 23218-2158

NLGI 84th Annual Meeting
preliminary program starts on
page 6.
Published bi-monthly by NLGI. (ISSN 0027-6782)
KIMBERLY HARTLEY, Editor
NLGI International Headquarters
249 SW Noel, Suite 249, Lee’s Summit, MO 64063 USA
Phone (816) 524-2500, FAX: (816) 524-2504
Web site: http://www.nlgi.org - E-mail: nlgi@nlgi.org
The NLGI Spokesman is a complimentary publication. Past issues may be found on the NLGI Website, www.nlgi.org
The NLGI Spokesman is indexed by INIST for the PASCAL database, plus by Engineering Index and Chemical Abstracts Service. Microfilm
copies are available through University Microfilms, Ann Arbor, MI. The NLGI assumes no responsibility for the statements and opinions
advanced by contributors to its publications. Views expressed in the editorials are those of the editors and do not n ecessarily represent the
official position of NLGI. Copyright 2017, NLGI. Postmaster: Send address corrections to the above address.

PRESIDENT’S PODIUM

IMPORTANT NOTE:
The CLGS exam will be given at the 2017 NLGI
Annual Meeting on Tuesday, June 14th at 10AM.
Please contact nlgi@nlgi.org to enroll in this course.
John Sander, Chair

In the world of maintenance and lubrication, several
lubricant-related technical organizations now certify
lubrication expertise. These include the International
Council for Machinery Lubrication (ICML), the Society
of Tribologists & Lubrication Engineers (STLE), and
NLGI International. Each has an established program
that documents the major criteria for demonstrating
knowledge and skill in lubricants and lubrication
practices. But only NLGI’s Certified Lubrication Grease
Specialist program identifies those individuals who
have true expertise in lubricating grease. The letters
CLGS after one’s name signify both fundamental and
extended knowledge of grease formulations, grease
processing, grease testing and grease applications.
This is important because grease doesn’t behave
like other lubricants. It typically is produced in a
sophisticated reaction process (not simply blended like
other lubricants), and it requires unique understanding
to correctly formulate, test, select and apply. While the
other programs focus primarily on fluid lubrication
but include some lubricating grease fundamentals, the

NLGI’s Certified Lubricating Grease Specialist program
deals almost exclusively with lubricating grease.
As a member of the NLGI Board of Directors, I know
this first-hand. I hold credentials from all three of the
groups, and having the letters “CLGS” on one’s business
card sends a message the others don’t: It says the
individual possesses a defined level of expertise that is
specific to the field of grease, and that NLGI recognizes
this achievement.
Certification entitles one to use the copyrighted
CLGS designation, and to be listed on the NLGI
website as a grease expert. It can be a professional
advantage in obtaining employment or going after
business opportunities that require grease expertise,
and it brings immediate credibility when working with
customers. Employers use CLGS certification to screen
potential employees, and OEMs and end users can use
it to ensure that their suppliers are qualified to make
grease recommendations.
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Obtaining CLGS begins with a closely monitored two-hour written examination. An 80 percent or
better score is required for successful certification, which extends for a three-year period. To maintain
certification, the candidate must renew their certification every three years and submit documentation to
NLGI of continuing professional development, such as:
• Attend an NLGI annual meeting
• Present a paper at an NLGI annual meeting

NLGI would like to
extend our sincere
condolences to Paul
Shiller, on the passing
of his wife, Mary
Ellen Shiller, on
January 30, 2017.
Paul is a Research
Scientist with the
University of Akron,
and a long-time
contributor to NLGI.

EDUCATIONAL OPPORTUNITIES
NLGI Grease Education Program
NLGI has
promoted
technical
training for
the grease
industry for
many years
through
its Grease
Education
Program. Courses are offered annually at the NLGI
Annual Meeting in June and provide instruction at
both basic and advanced levels. Course contents
cover a broad spectrum of subjects and are designed
to familiarize the student with all aspects of the
grease industry, including manufacturing, chemistry,
application, product characteristics and marketing.
Course instructors are experienced specialists in
their respective topics of discussion and course
participants are supplied with an extensive study
manual for later reference. Below are descriptions of
the courses offered at the 2017 NLGI 84th Annual
Meeting.

BASIC GREASE EDUCATION COURSE
With more than 1,200 alumni, NLGI’s Basic
Grease Education Course is the world’s foremost
foundational training class for the global grease
industry. This course provides an excellent overview
of the types of greases, thickeners, base oils and
additives. The methods of manufacturing, testing
methodology and their use in bearings and in
industrial and automotive applications are also
covered.

All courses are one and one-half day programs.
Monday, June 10, 2017
10:00 am – 5:00 pm
Tuesday, June 11, 2017
8:00 am – 12:30 pm
(A special Student Lunch is provided Monday, lunch
provided Tuesday with the Technical Sessions)
• The courses run concurrently, attendance
at more than one during the meeting is not
possible.
• Course fees are $725 (NLGI Members) or
$1,000 (NLGI Non-members).
• An additional late registration fee of $50
applies to those registering after 5/11/17.

TUESDAY, JUNE 13, 2017
NLGI Certified Lubricating Grease Specialist
Exam Information
NLGI will offer the certification examination to
the public on Tuesday, June 13, 2017 at the NLGI
Annual Meeting in Olympic Valley, CA. Exam
participation is open to any individual who is
experienced in the field of grease and has achieved a
high level of expertise in this field.
Details regarding the topics covered on the exam,
application procedures and fees are detailed on
the NLGI website at www.nlgi.org. You are NOT
required to register for the annual meeting to sit for
the exam.
NLGI exam fee is $225 (re-take: $125) for
individuals employed by a member company, and
$275 (re-take: $175) for those not employed by a
member company.

ADVANCED GREASE EDUCATION
COURSE
Advanced instruction regarding specific types of
greases, chemistry and specialized application will be
offered in this course. There is an increased focus on
high-value specialty greases and their manufacture
and usage.
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PROGRAM HIGHLIGHTS
Saturday, June 10, 2017

5:00 pm – 6:00 pm
First-Time Attendee Reception
6:00 pm – 7:30 pm
Networking Reception

Sunday, June 11, 2017
8:00 am
NLGI Golf Tournament

out live to fifteen million viewers,
and were praised by the judges as
amazing, funny, unique, and death
defying.
6:15 pm – 7:15 pm
Welcome Reception

Monday, June 12, 2017

6:15 am Sign-up 7:00 am Start
5:00 pm – 6:15 pm
Opening General Session:
•Awards Presentation
•Keynote Address
Mr. Frank Miles
Frank Miles is
a professional
speaker and
entertainer
whose
hilarious
keynote
presentation “Laugh at Fear”
has drawn laughter and standing
ovations from corporate audiences
around the world.
Juggling half million-volt stun guns,
knives and torches, he makes a
dramatic point about what they have
in common. They all have handles.
Just like life, there are parts you can
get a grip on and parts you can’t
control. His fear busting message is
this: grab life by the handle, and the
other end takes care of itself.
Frank recently appeared multiple
times on the hit show America’s
Got Talent. His performances went

33rd Annual NLGI Fun Run
and Volkswalk
sponsored by FMC Lithium
8:30 am – 10:00 am
Annual Business Meeting
Industry Speaker
TBD
10:00 am
Optional Tour: Spouses/Guests
($50 Extra Fee)
Please note: You must be a registered
attendee to take the tour. Advance
reservations required, no refunds 7
days prior, space is limited.
Please join us for a fascinating tour
of the Lake Tahoe region. Your
first stop will be the historic town
of Truckee, CA. In its early days,
Truckee was a rowdy and unkempt
place. Now, its unique shops and
cozy atmosphere make it the perfect
shopping location for attendees.
After exploring the independently
owned shops and galleries of
Truckee, guests will re-board and
the motor coach it will take them
to beautiful Lake Tahoe where they
will enjoy a late lunch on the lake

at Gar Woods, one of Lake Tahoe’s
finest eateries. Expansive lake views
from floorto-ceiling
windows
and the
opportunity
to explore
Lake Tahoe’s
wooden boat history make Gar
Woods the perfect lunch location.
			

Tuesday, June 13, 2017

6:00 pm – 10:00 pm
Closing Reception & Dinner
Celebration
Join us under the beautiful stars of
Squaw Valley for more networking,
active entertainment, and sumptuous
food, as we bring the meeting to
a close. Bring your cowboy boots
and hats, and come rustle up some
western fun this evening. We’ll begin
with a round-up reception, followed
by some gourmet western dinner
fare.
There’s
a noise
ordinance
in Squaw
Valley at
10:00pm,
so for
those not yet ready to turn in,
we’ll head inside to our very own
After Party with a DJ/Karaoke and
dancing. Don’t miss this amazing
opportunity to relax and unwind
with old and new friends before you
go back to your company armed
with more knowledge and technical
expertise.

Platinum
Sponsors

SPONSORS

Afton Chemical Corporation
Monday Continental
Breakfast Co-Sponsor
Industry Speaker Sponsor
Welcoming Reception
Co-Sponsor
Closing Festival Décor
Co-Sponsor

Gold
Sponsors

Silver
Sponsors

Covenant Engineering
Services, LLC
Instructor Gifts Sponsor

Chevron Global Lubricants
Saturday Evening Reception
Co-Sponsor
NLGI Author Award –
Application – Sponsor

Acme-Hardesty Company
Meeting Central
Co-Sponsor

Axel Americas, LLC
Refreshment Breaks
Co-Sponsor

Dow Corning Corporation
Education Course Student
Luncheon Co-Sponsor
Welcoming Reception
Co-Sponsor

Battenfeld Grease and Oil
Corp. of NY
Keynote Speaker
Co-Sponsor
Saturday Evening Reception
Co-Sponsor

Elco Corporation
Golf Breakfast Co-Sponsor
Saturday Evening Reception
Co-Sponsor

Daubert Chemical Company
Final Program Guide
Sponsor
Emery Oleochemicals LLC
Meeting Central
Co-Sponsor
Saturday Evening Reception
Co-Sponsor
Closing Festival Dinner
Co-Sponsor
FMC-Lithium Division
Welcoming Reception
Co-Sponsor
Saturday Evening Reception
Co-Sponsor
Fun Run Sponsor
Lubrication Engineers, Inc.
Monday & Tuesday Lunches
Co-Sponsor
Padfolios Co-Sponsor
Lubrizol Corporation
Saturday Evening Reception
Co-Sponsor
Closing Festival Dinner
Co-Sponsor
Mobile Meeting App
Sponsor
Tiarco Chemical
Saturday Evening Reception
Co-Sponsor
Golf Breakfast Co-Sponsor
Golf Tournament
Co-Sponsor

FedChem LLC
Meeting Central
Co-Sponsor
Lubricating Specialties
Company
Saturday Evening Reception
Co-Sponsor
Closing Festival Dinner
Co-Sponsor
Patterson Industries
Canada, A Div. of All-Weld
Company Ltd.
Closing Festival Cocktails
Co-Sponsor
Rockwood Lithium
Closing Festival Cocktails
Co-Sponsor
Clarence E Earle Memorial
Award Sponsor
Shell Canada Products
Meeting Central
Co-Sponsor
Shell Lubricants Award
Vanderbilt Chemicals, LLC
Saturday Evening Reception
Co-Sponsor
Closing Festival Dinner
Co-Sponsor

Chemtura
Closing Festival Dinner
Co-Sponsor

Bronze
Sponsors

Axxess Chemicals, LLC
Shipping of Supplies Sponsor
BASF Corporation
Welcoming Reception
Co-Sponsor
H.L. Blachford Ltd.
Welcome Reception
Co-Sponsor

Climax Molybdenum
Marketing Corp.
Closing Festival Dinner
Co-Sponsor

Petro-Canada Lubricants
Welcoming Reception
Co-Sponsor

Functional Products
Closing Festival Dinner
Co-Sponsor

Pigging Solutions, LLC
General Meeting
Co-Sponsor

Grease Technology Solutions
LLC
Saturday Evening Reception
Co-Sponsor

Primrose Oil Company
General Meeting
Co-Sponsor

Harrison Manufacturing Co.
Pty Ltd.
Closing Festival Dinner
Co-Sponsor
King Industries, Inc.
Monday & Tuesday Lunches
Co-Sponsor
Kyodo Yushi Company, Ltd.
Closing Festival Dinner
Co-Sponsor
Lubes ‘n’ Greases
Saturday Evening Reception
Co-Sponsor
Monday Continental
Breakfast Co-Sponsor
NSF International
First Time Attendee
Reception Co-Sponsor
Nynas USA
Closing Festival Dinner
Co-Sponsor
Royal Mfg. Co., LP
Closing Festival Dinner
Co-Sponsor
NLGI Author Award Development Sponsor
Texas Refinery Corp.
Saturday Evening Reception
Co-Sponsor
Fellows Award Sponsor

Sea-Land Chemical
Company
Welcoming Reception
Co-Sponsor
SQM North America Corp.
Welcoming Reception
Co-Sponsor
Tribotecc GmbH
Closing Festival Reception
Co-Sponsor

TECHNICAL PRESENTATIONS
PAPER Special

PAPER 1709

PAPER 1719

Overview of the 2015 NLGI
Grease Production Survey
Tyler Jark, CLGS®,
Lubricating Specialties, Inc.

Novel Polymer Grease
Microstructure and Its Proposed
Lubrication Mechanism
Christine Matta, SKF Engineering
and Research Centre

Rust for the Record - Significant
Factors Affecting Corrosion
Protection in Grease
Joseph Kaperick, CLGS®,
Afton Chemical Corporation

PAPER 1708

PAPER 1702

The Typical Application of
Calcium Sulfonate Complex
Greases in Steel Mills
Jiwei Li, Tianjin Branch,
Sinopec Lubricant Co., Ltd.

Modifications to a Commonly
Used Apparatus for Measuring
the Ventability of Grease to
Improve Performance at SubAmbient Temperatures
Josiah Wintermute,
Petro-Lubricant Testing
Laboratories, Inc.

PAPER 1711
Optimization of Lubricant
Design through use of Design of
Experiments Methodology
Jason Galary, Nye Lubricants

PAPER 1712
Oxidation Stability Parameters
as Novel Monitoring Tools for a
More Robust Grease Production
George S. Dodos, ELDON’S S.A.

PAPER 1717
Economic Benefits of Innovative
Microwave Grease Processing
Dr. Lou A. Honary,
Environmental Lubricants Mfg,
Inc.

PAPER 1703
The Stratco Contractor and Its
Use In the Production of Calcium
Sulfonate Based Greases
John Lorimor, CLGS®,
AXEL Americas, LLC

PAPER 1705

PAPER 1710
The Preparation of a Polyurea
Grease Using mPAO 65
Paul Bessette,
Triboscience and Engineering

PAPER 1701
Study of Tribological Behaviors of
Polymer Greases With Fullerenelike Functionalised WS2
Naveen Pokhriyal,
Indian Oil Corp. Ltd.

PAPER 1704
The Effect of Base Oils on
Thickening & Physical Properties
of Lubricating Greases
Timothy Langlais, Ergon, Inc.

Application of New Calcium
Sulfonate-Based Grease
Technologies: From Laboratory
to Field
J. Andrew Waynick,
NCH Corporation

PAPER 1707

PAPER 1713

PAPER 1718

Lubricating Grease Thickeners:
How to Navigate Your Way
Through the Lithium
Crisis
Gareth Fish, Ph.D., CLS, CLGS®,
The Lubrizol Corporation

The Impact of Raw Materials on
the Characteristics of Lithium
Complex Greases
Mehdi Fathi-Najafi, Nynas AB

The Effect of Water Ingress on
the Thickener Structure in BioBased Greases
Johanna Larsson, AXEL
Christiernsson International AB
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PAPER 1706
Direct Observation of the
Replenishment of Lubricants At
Contact Inlet in Ball Bearings
Michita Hokao, NSK Ltd.

PAPER 1714
Determination and Analysis of
Bearing Corrosion using Machine
Vision and Computational
Algorithms
Jason Galary, Nye Lubricants

PAPER 1715
Inservice Grease Testing
Techniques That Can Save Money
and Time for Grease
Manufacturers
Rich Wurzbach, MRG Labs

PAPER 1716
Is It Time to Retire the Grease
Penetration Test?
Wade Flemming, CLS, CLGS®,
Lubrication Engineers, Inc.

REGISTRATION/HOTEL INFORMATION
Registration and Hotel Reservations are now OPEN!
Register online now, download the Registration Form, or see page 14.

REGISTRATION FEES

Fees include admission to all technical sessions and
social functions.

NLGI Members
Attendees who are employed by an NLGI Member
Company.
$625 – Early registration *by Wednesday, May 11
$675 – Registration *after Wednesday, May 11
$750 – Onsite

Non-Members
$900 – Early registration *by Wednesday, May 11
$950 – Registration *after Wednesday, May 11
$1,025 – Onsite

NLGI GREASE EDUCATION COURSE(S)
Fee includes admission to all social functions as above.
• Basic				
• Advanced

NLGI Members
$725 – Early registration *by Wednesday, May 11
$775 – Registration *after Wednesday, May 11
$850 – Onsite

Non-Members
$1,000 – Early registration *by Wednesday, May 11
$1,050 – Registration *after Wednesday, May 11
$1,125 – Onsite

NLGI Authors and Instructors – Special
Pricing
$400 – Early registration *by Wednesday, May 11
$450 – Registration *after Wednesday, May 11

CLGS Examination
$225 – Early registration *by Wednesday, May 11
$275 – Registration *after Wednesday, May 11

Spouse/Guest Registration
Fee includes all social functions, except lunch Monday
and Tuesday or Optional Tour
$280 – Early registration *by Wednesday, May 11
$330 – Registration *after Wednesday, May 11
$400 – Onsite

Tour – Optional: Monday, June 12
$50

REGISTRATION POLICIES

• To qualify for advance registration, NLGI must
receive your payment and form by May 11, 2017.
If you register after that date or on-site, there is an
additional charge of $50 per person. If you have
questions, please call NLGI at 816-524-2500.
• Payment in full must accompany your registration
form. No registration will be processed without
payment. All fees must be in US currency.
• You must be a registered attendee and badges are
required for admittance to any activity of the NLGI
Annual Meeting, including any guests/spouses.
• Cancellations received in NLGI’s office through
May 11, 2017 will receive a 100% refund, less a
$75 cancellation/processing fee. After the May 11,
2017 date, the entire registration fee is forfeited.
Exceptions granted on a case by case basis by the
Executive Director.

New! Student/Academic – Special Pricing
$200 – Early registration *by Wednesday, May 11
$250 – Registration *after Wednesday, May 11
$250 – On-Site
- 10 VOLUME 81, NUMBER 1

HOTEL RESERVATIONS
Make Your Reservation Before the Cut-off date of April 26th!
NLGI’s room rate at Squaw Creek Resort is $179.00, plus applicable taxes (10.065% State, 7.5%
Local). Upgrade special pricing; Fireplace Suite $199.00, Deluxe Fireplace Suite $219.00.
NLGI expects to sell out the reserved guest room block, early reservations are strongly encouraged.

Online Hotel Reservations
Phone:

1-800-327-3353

• I f you wish to arrive earlier than the conference start date of June 10, or stay beyond June 13,
please contact the hotel directly.
•R
 eservations received after the cut-off date of April 26, 2017 will be confirmed based on room
availability and at the prevailing rate.
•C
 ancellation policy: You room deposit is refundable if you notify the resort at least five (5) days
prior to your arrival (close of business 5:00pm EST).

DESTINATION SQUAW CREEK RESORT, OLYMPIC VALLEY, CA
Airports and Ground Transportation
Olympic Valley, CA is located 32 miles from the Reno International Airport (RNO) Nevada.

Clothing and Packing Hints
June in Olympic Valley, CA is usually mild, with highs in the low 80’s, and lows in the low 60’s. It can be
very chilly at night, even in June. Make sure you pack a sweater/jacket.
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PRELIMINARY SCHEDULE
Saturday, June 10, 2017
12:00 Noon – 2:00 pm

Executive Committee Meeting

12:00 Noon – 5:30 pm

Meeting Central

2:30 pm – 4:30 pm

Board of Directors Meeting

5:00 pm – 6:00 pm

First Time Attendee Welcome Reception

6:00 pm – 7:30 pm

Informal Networking Reception

Registration, Refreshments

Sunday, June 11, 2017
6:45 am – 8:00 am

Golfers Breakfast

8:00 am

NLGI Golf Tournament

10:00 am – 5:00 pm

Meeting Central

Registration, Refreshments, Tabletop Display Set-Ups

11:00 am – 4:30 pm

NLGI/ELGI Working Groups

5:00 pm – 6:30 pm

Opening General Session

6:30 pm – 7:30 pm

Welcoming Reception

• 11:00 am – GC-LB Upgrade
• 12:30 pm – Lunch
• 1:30 pm – Bio-Based Greases
• 2:30 pm – Grease Particle Evaluation
• 3:30 pm – Food Grade Lubricants
Awards Presentation, Keynote Address
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Monday, June 12, 2017
7:00 am

FMC Sponsored Fun Run

6:15 am – Check In

7:00 am – 4:00 pm

Meeting Central

Registration, Refreshments, Breakfast, Lunch, Exhibits

7:00 am

Breakfast

8:00 am – 8:30 am

Annual Business Meeting

8:45 am – 9:45 am

Featured Industry Speaker

10:00 am – 12:55 pm

Technical Presentations

10:00 am – 5:00 pm

Grease Education Courses

10:00 am

Spouse/Guest Program

Optional, Extra Fee

12:30 pm – 1:45 pm

Education Course Luncheon

Students and Instructors

12:55 pm – 2:00 pm

Lunch

All Others

2:00 pm – 5:30 pm

Technical Presentations

Session 2

Session 1
• Basic
• Advanced

Tuesday, June 13, 2017
7:00 am – 8:15 am

Breakfast

7:30 am – 8:30 am

Board of Directors Breakfast Meeting

8:00 am – 1:00 pm

Meeting Central

8:00 am – 12:30 pm

Grease Education Courses

8:00 am – 12:05 pm

Technical Presentations

12:00 pm – 1:00 pm

Lunch

1:00 pm – 5:40 pm

Technical Presentations

2:00 pm – 4:00 pm

CLGS Exam

6:00 pm – 7:00 pm

Closing Reception

7:00 pm – 10:00 pm

Closing Dinner/Entertainment

10:00 pm – 1:00 am

After Party!

Registration, Refreshments, Breakfast, Lunch, Exhibits
• Basic
• Advanced
Session 3

Session 4
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NLGI REGISTRATION FORM
NLGI 84th Annual Meeting – June 10-13, 2017
Resort at Squaw Creek, Olympic Valley, CA USA
Please type or print clearly and use one form per registrant.
First Name:_______________________________Last Name:___________________________________Badge Name:__________________________
Business Title:________________________________________________Company:_______________________________________________________
Address:_________________________________________________________City:________________________State:_______ Zip:_______________
Country:__________________ Phone:_____________________Cell:______________________ E-mail:_____________________________________
Registered Guest/Spouse Name:___________________________________________Badge Name:_________________________________________
Please indicate any special disability or dietary needs: _____________________________________________________________________________

PLEASE NOTE: IF YOU ARE REGISTERING MORE THAN (1) GUEST, CONTACT NLGI AT (816) 524-2500
❒ This is my first NLGI Annual Meeting. ❒ I am a new NLGI Member (2017)
❒ I am attending the Tuesday Evening Closing Festival (Casual!)
Please select your business category:

❒ Manufacturing ❒ Supplier ❒ Marketing ❒ Technical ❒ Consumer ❒ Student

REGISTRATION

ADVANCE REGISTRATION
Through 5/11/17
Registration Category



Annual Meeting Fee

Member



Non-Member

TOTAL

After 5/11/17 and On-Site





Member

Non-Member

$625

$900

$675

$950

$

• Basic Grease

$725

$1000

$775

$1050

$

• Advanced Grease Course

$725

$1000

$775

$1050

$

Author/Instructor Fee

$400

$400

$450

$450

$

Student/Academic

$200

$200

$250

$250

$

CLGS Examination

$225

$275

$225

$275

$

Grease Educational Courses(s)

Spouse/Guest Fee

$280

$330

$

Optional Shopping/Lunch Tour

$50

$50

$

Total to be charged $

FEE:
$68.00/Golfer

GOLF TOURNAMENT
SUNDAY, JUNE 11, 2017
7:00 AM
8:00 AM

$272.00/Foursome

(Includes golf cart, warm-up session, complimentary valet)

GOLF BREAKFAST
GOLF TOURNAMENT/SHOTGUN START

http://www.squawcreek.com/lake-tahoe-golf-courses.php

Registration Deadline:
April 17, 2017 (No refunds after May 5, 2017)
Club Rentals: ❒$40.00 plus tax, advise left or
right (❒R ❒L) (Payable day of to the Pro Shop)

List names of playing partners, company affiliations and golf handicap.
Names/Foursome:			Company:			Handicap:			
1.													$			
2.													$			
3.													$		
4.													$
																
Email: golf@nlgi.org
											TOTAL
$
Contact: Kim Hartley
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816-524-2500, NLGI 249 SW Noel • Suite 249 • Lee’s
Summit,
MO 64063
VOLUME
81, NUMBER
1
*You must sign a waiver before play.

NLGI REGISTRATION FORM
PAYMENT INFORMATION
TOTAL FEES ENCLOSED OR AUTHORIZED BY CREDIT CARD (USD)

$		

❒ Check for amount payable to NLGI, is enclosed.
❒ Charge amount payable to:
❒ VISA ❒MasterCard ❒American Express
Name (as it appears on credit card) 										
Credit Card Number 					Exp. Date

Billing Zip Code			

Signature 								 Today’s Date 				
Paid invoice receipt will be sent within 10 business days. Copy this form for your records.
REGISTER BY MAIL:
Mail completed registration form with payment to:
NLGI International Headquarters
249 SW Noel Street, Suite 249
Lee’s Summit, MO 64063
Phone: 816-524-2500
Fax: 816-524-2504
E-mail: nlgi@nlgi.org

REGISTER ON-LINE:
www.nlgi.org/annual-meeting/register/

NLGI Code of Conduct – Your registration for the NLGI Annual Meeting acknowledges your acceptance of the following
code of conduct at all events and activities. You are expected to act in a professional and courteous fashion to all attendees
and staff throughout the NLGI Annual Meeting, including hotel staff. NLGI expressly disclaims any liability arising out of
your consumption of alcohol beverages in conjunction with the NLGI Annual Meeting. You are responsible for your own
well being. NLGI expressly disclaims liability for any acts or omissions of attendees resulting from excessive drinking,
recklessness or negligence on the part of any participant(s). NLGI reserves the right to revoke your registration at any time
for breach of the foregoing.

FUN RUN & VOLKSWALK
Sponsored by FMC-Lithium

MONDAY, JUNE 12, 2017

7:00 AM					

❒ Yes, sign me up for NLGI’s 33rd Annual Fun Run/Volkswalk.
(Send two or more copies of this form if you and a guest(s) are participating.)

Name: ___________________________________________________________
Guest: ___________________________________________________________
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Please detach and send or copy
and email to:
George Sandor
FMC-Lithium
2801 Yorkmont Rd.
Suite 300
Charlotte, NC, 28208, USA
Fax 704-426-5387
Email George.sandor@fmc.com

COMMERCIAL
PAPERS
NLGI 84th Annual Meeting

Going for Gold ~
‘The Science Behind Superior Grease Technology’
Squaw Creek, CA

COMMERCIAL PAPERS:

NLGI will also accept up to 4 papers of a commercial nature which will be offered at the
beginning of each of our 4 Technical Sessions, therefore will not conflict with any other
presentations or events. Acceptance on a first come, first served basis. (A fee of $1,000 will
be charged for all commercial papers accepted for presentation.)
You may download the Author Information and Author Instructions/Deadlines forms
for your technical presentation, as well as the Commercial Presentation Application form,
on our website:
https://www.nlgi.org/call-for-papers
If you are interested in submitting a technical or commercial paper for presentation, please
send your name, contact information and abstract to:

NLGI

nlgi@nlgi.org

NLGI INTERNATIONAL OFFICE
249 SW Noel St.
Suite 249
Lee’s Summit, MO 64063 USA

Phone 816-524-2500 • FAX 816-524-2504

We’re Lubes’n’Greases.

WE GET TO THE HEART OF A
COMPLEX INDUSTRY.
www.LubeReportAsia.com
A critical weekly roundup of the lubricant
industry in Asia. Featuring breaking news and
base oil price reports in English and Simplified
Chinese.

www.LubeReport.com
The weekly e-newsletter containing late-breaking and trending industry news; base oil price
reports for North America, Europe, Middle East
and Africa; and regional shipping report.

Lubes’n’Greases Magazine
Covering the global issues, trends and news
that affect your success.

Lubes’n’Greases EMEA Magazine
Offering a focused look at Europe, Middle East,
Africa, Russia and more.

GET YOUR SUBSCRIPTIONS TODAY

www.LubesnGreases.com/subscribe

A Discussion on Intrinsic
Antiwear and ExtremePressure Performance

of Overbased Calcium Sulfonate Complex Grease
and Overbased Calcium Oleate Complex Grease
Ruiming “Ray” Zhang
Vanderbilt Chemicals, LLC
Abstract

There are many versions of
overbased calcium grease. Overbased
calcium sulfonate complex grease
is the one most popular and wellstudied, while overbased calcium
oleate complex grease has its
unique advantages in terms of using
renewable resources and possessing
environmental friendly nature of
the thickener system. There are
also reports on overbased calcium
salicylate grease. In principle
overbased phenate grease should
also be possible, though there are no
major reports on overbased calcium
phenate grease yet.
The common feature of all these
overbased calcium greases is calcium
carbonate containing micelles as
the key components of the grease
thickener system. The excellent
antiwear and EP properties of
these greases are intrinsic to the
grease thickener instead of relying
on performance additives. It is
believed that such intrinsic antiwear
and EP properties are derived
from submicron or nano particles
of crystalline calcium carbonate
containing miclles either in the form
of calcite or vaterite.
Present paper provides a review
and comparison on antiwear

and EP performance of several
popular overbased calcium grease
technologies and discussion on
possible further improvement on the
EP performance of such greases as
well.

Introduction

There are many versions of
overbased calcium grease. Overbased
calcium sulfonate complex grease
is the one most popular and wellstudied, while overbased calcium
oleate complex grease has its
unique advantages in terms of using
renewable resources and possessing
environmental friendly nature of
the thickener system. There are
also reports on overbased calcium
salicylate grease. Though overbased
phenate grease might also be possible,
so far the author is not aware of any
major reports on overbased calcium
phenate grease yet.
The common feature of all these
overbased calcium greases is calcium
carbonate containing micelles as
the key components of the grease
thickener system. The excellent
antiwear and EP properties of
these greases are intrinsic to the
grease thickener instead of relying
on performance additives. It is
believed that such intrinsic antiwear
and EP properties are derived
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from submicron or nano particles
of crystalline calcium carbonate
containing micelles either in the form
of calcite or vaterite.
This present paper is aimed
to provide an overall review on
overbased calcium grease technology
as an independent type of grease
thickener system and the term of
overbased calcium grease is used to
include various types and versions
under this unique grease thickener
system. Under this seemingly very
broad subject, specific comparisons
were made of the different types and
versions. Due to author’s limited
knowledge and experiences in
the field, such a review is not an
attempt to try to be inclusive, rather
it probably better considered to be
a current status summary of some
selected comparisons within this
particular area.

Brief History

The first overbased calcium grease
was developed almost 50 years ago as
a gelled form of overbased calcium
sulfonate from high TBN (300 to
500 mg KOH/g) liquid Newtonian
calcium sulfonate (1-3). These
early versions of overbased calcium
sulfonate grease can be considered
as simple form of calcium sulfonate
grease since the gelation process only

involves a simple conversion from amorphous calcium
carbonate to crystalline calcium carbonate without any
additional complex steps. These simple gelled forms
of calcium sulfonate were more often used in other
applications rather than lubricating greases, such as rust
inhibition for vehicle undercoating (4) or as a bearing
cleaning compound (5), utilizing the excellent rust
inhibition or detergency properties of such thickened
compositions.
Today, the widely known and most popular form
of overbased calcium grease is the calcium sulfonate
complex grease. Calcium sulfonate complex greases were
developed from the simple calcium sulfonate grease
and introduced to the market more than 20 years ago
(6-10). It has gained significant commercial interest
and popularity in recent years. It is the only grease
thickener system which has enjoyed a more than 30%
annual growth rate by a recent grease production survey
(11), albeit from a relatively small base. Expiration of
certain key calcium sulfonate complex grease patents,
and improved availability of key raw materials, i.e. high
TBN Newtonian calcium sulfonate suitable for grease
making, may partially explain the trend. However, the
real driving force for the popularity of this relatively new
grease thickener technology is the fact that the thickener
system can also provide several key intrinsically superior
grease performance functionalities without any or
with minimal use of grease performance additives. The
thickener system for the calcium sulfonate complex
grease probably can be considered as one of the most
complex among all complex greases. It is believed
that the main component of this thickener system, i.e.
micelles consisting of calcium sulfonate spherically
surrounding a core of crystalline calcium carbonate is
the key to its inherent high load carrying or extreme
pressure capability, excellent water resistance and rust
inhibition performance. The pseudo particle nature
of micelles consisting of a solid crystalline calcite core
dispersed with calcium sulfonate further explains its
high temperature performance similar to most particle
thickened greases like bentonite clay or fumed silica
thickened greases.
Traditionally, the key raw material used in making
overbased calcium sulfonate grease was obtained through
overbasing of natural or petroleum sulfonate. Natural or
petroleum based sulfonates are either a by-product of
API group I base oil refining process or a co-product of
the white oil refining process. But the availability of such

petroleum sulfonate for grease making is in serious doubt
either due to a major trend in shifting from group I base
oil to group II and III base oil or a complete shutdown
of such refining unit due to corrosive issues and
environmental concerns. The closure of Shell Martinez
Refinery’s sulfonation unit in 2003 was a typical example
of such trend. Today most high TBN calcium sulfonates
used for grease making are probably synthetic in nature
and obtained through several synthetic processes from
alkylation of benzene, sulfonation of alkylbenzene to
overbasing of alkylbenzen sulfonate.

Thickening mechanism (Soap fiber thickening vs.
particle thickening)

When we look at grease thickener systems, traditionally
we can divide it into two families, metallic soap
thickened and non-soap thickened. One can also divide
grease thickener system based on the interaction between
the thickener and base oil. Then it can be divided into
fiber thickened and particle thickened. Most metallic
soap thickened greases are fiber thickened, in which
the soap fiber forms a three dimensional web structure
so that it acts like a sponge that adsorbs and holds the
base oil and additives inside this three dimensional web
structure. But if we look purely at the fiber thickening
mechanism, then polyurea and polymer thickened
greases should also be considered as fiber thickened.
In these system, instead of a metallic soap fiber forms a
three dimensional web, it is the organic polymer which
forms a three dimensional web which in turn absorbs
and holds oil just like metallic soap fiber does.
On the other hand, the particle thickener system relies
on fine particle size and ability of such particle to adsorb
oil. Typical particle thickened greases include those
thickened by organophilic clays such as surface treated
bentonite or hectorite, fumed silica and micronized
and activated PTFE. Here the high surface area and
surface affinity to oil molecules are the key factors for the
stability of these particle thickened greases. All soap fiber
thickened grease has a well-defined dropping point while
most particle chickened greases either do not have a welldefined dropping point or have no dropping point at all.
Determining which category that overbased calcium
grease will belong to might be tricky. It contains
crystalline calcium carbonate particles at its core of the
micelles, but the entire micelles are not solid particles
in the strict physical meaning. On the other hand,
so far there is no evidence of any fibrous structure
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being observed in any pure overbased calcium greases
(except those greases based on mixed thickener system
formed between overbased calcium thickener and
soap fiber thickener ex situ), even when additional
12-hydroxystearic acid is added as the complexing agent
in the case of calcium sulfonate complex grease.
Therefore, overbased calcium greases are neither
particle thickened nor fiber thickened. It is a hybrid
of both particle thickener and soap fiber thickener
system. Many advantages of this grease technology can
be attributed to this hybrid thickener system. Its high
dropping point is more similar to a particle thickened
grease while its stable thixotropic property is a reflection
of similar interaction between the thickener and base oil
close to those of soap fiber thickened greases.

Calcium Sulfonate Complex Grease vs. Calcium
Oleate Complex Grease

Calcium sulfonate complex greases made either from
high TBN petroleum sulfonate or synthetic high TBN
sulfonate have many desirable performance attributes.
But due to the availability of petroleum sulfonate and the
relatively high cost of the synthetic high TBN sulfonate,
there is always a need if a grease technology, in this
case thickener system in particular, is based on readily
available materials from renewable resources rather
than based either directly or indirectly from petroleum.
Calcium oleate complex grease was developed in
this background to meet the needs in terms of both
environment friendly nature and from the renewable
resources since most oleic acid was derived from various
high oleic vegetable oils instead of based on petroleum.
First overbased calcium carboxylate grease was
introduced by Reddy et al (12) in 2005 as a novel grease
technology to meet such challenging demands. This
new technology based on nano-particles of calcium
carbonate had the potential as an alternative to the high
performance overbased calcium sulfonate complex
grease technology. Like any new technology in its
embryonic stage, it takes time and resources to grow,
to materialize and hopefully to reach final maturity.
After couple years of continuous efforts for further
improvement and debugging, a modified version of
overbased calcium carboxylate grease precursor was
developed in early 2008 (13). The modified version is still
based on oleic acid derived from either vegetable oils or
animal fats. But it is more concentrated and has a higher
Total Base Number (TBN at about 330 mgKOH/g) for

better grease thickening efficiency.
Along with the modified version of overbased calcium
oleate grease precursor, several different ways to make
high performance overbased calcium oleate grease
were also developed (14). When overbased calcium
carboxylates grease precursors were first introduced, the
suggested grease making procedure followed a simple
conversion from the Newtonian liquid grease precursor
to Non-Newtonian thixotropic grease. During such
conversion, amorphous calcium carbonate particles
about 30 nm in size contained in the grease precursor
are converted to micelles containing crystalline calcium
carbonate (12). Attendant to this morphological change
is the rheological change, i.e. the grease precursor
as Newtonian liquid changes into a non-Newtonian
thixotropic gel or grease. The thickened composition
generated from this simple morphological change can
be called simple overbased calcium carboxylate grease,
similar to simple overbased calcium sulfonate grease first
developed in 1960s and early 1970s (1-3).
Simple overbased calcium greases, either based on
calcium sulfonates or calcium carboxylates, have their
own intrinsic deficiencies. Such deficiencies limit their
wide spread use as high performance lubricating greases.
These deficiencies are manifested either in their poor
thickening efficiency, i.e. low oil incorporation or poor
shear stability, and poor low temperature mobility to just
name a few.
In order to overcome such deficiencies intrinsic to
simple overbased calcium greases, especially those
for a simple version of overbased calcium oleate
greases, a reaction step involving a complexing agent
is introduced into the grease making procedures (14).
The complex reaction step involves additional reaction
between the gelled thickener elements with additional
12-hydroxystearic acid either alone or in combination
with some other inorganic acids, such as phosphoric acid
or boric acid. It is believed that the hydrogen bonding
provided by 12-hydroxystearic acid adds additional
bonding between grease thickener elements. Such
hydrogen bonding makes thickener structure more
robust and more shear resistant (15). This is consistent
with the finding that calcium 12-hydroxystearate has
little effect on lubricating properties, but improves the
thixotropic characteristics of the overbased calcium
sulfonate grease (16).
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In the case of simple overbased calcium oleate grease, the thickener micelles consist of a crystalline calcium
carbonate core surrounded by calcium oleate. These micelles are thereby dispersed in the oil phase with calcium
oleate outer layer acting as a
dispersant in a manner similar
to how calcium sulfonate acts in
calcium sulfonate greases. After
the complexing reaction, the
micelles of calcium carbonate
surrounded by calcium oleate are
converted to micelles of calcium
carbonate surrounded by a mixture
of calcium oleate and calcium
12-hydroxysterate. The hydrogen
bonding, provided through the
hydroxyl group on the calcium
12-hydroxysterate, between these
micelles surrounded by the mixed
carboxylates makes the interaction
between thickener and oil far more
complex. Such complex interactions
are well established in the existing
grease technologies, such as
aluminum complex grease, lithium
complex grease and overbased
calcium sulfonate complex grease as
well (16). All these grease thickener
systems involve a hydroxyl group
on at least one of the thickener
molecules either as hydroxyl group
on the carboxylate or hydroxyl
group on the metal ion in the
thickener system. To illustrate such
differences and their effects on
grease performance, comparison test
data on simple and complex version
of overbased calcium oleate grease
are listed in Table 1 (17).
Table 1. Comparison of simple
and complex version of overbased
calcium oleate grease.
*Note: Based on overbased
calcium oleate grease precursor
with 10% calcium content with low
viscosity diluent oil and volatile
solvent.**Note: Based on overbased
calcium oleate grease precursor has
a calcium content of 15% with low
volatility diluent oil.
The advantages of calcium oleate

complex grease over the simple version are very obvious.
Since all these grease performance tests were conducted
on base greases without any performance additives, it
is apparent that there are desirable grease performance
attributes which are achieved by the complex thickener
system. In other words, the complex thickener system
in the calcium oleate complex grease is multifunctional.
Not only does it act as an excellent thickener system for
grease (higher dropping point and higher mechanical
strength), it also provides the desirable functionalities
such as good antiwear and excellent EP properties.
It would also be very interesting to compare the grease

performance between calcium sulfonate complex
grease with the calcium oleate complex grease. Since
only available performance data on the calcium oleate
complex grease (COCG) was based on an experimental
food grade version, it is only fair to compare it with a
commercial food grade calcium sulfonate complex grease
(CSCG) (18, 19). Typical grease performance data are
listed in Table 2 (15).
Table 2. Typical performance data on CSCG and
COCG (both food grade type)

From the performance data listed in Table 2, it is
obvious that there are many desirable performance
attributes associated to this novel calcium oleate
complex grease. These include high dropping point, high
mechanical strength (shear stability), good antiwear
and load carrying capability for extreme pressure
conditions, i.e. high EP performance, and good low
temperature performance as manifested by the grease
mobility and low temperature torque test results. Since
all these tests were conducted on a base grease without
any performance additives, except for the inclusion of
an Food Grade antioxidant as indicated by the 500 hour
oxidation test result, it is apparent that these desirable
attributes are provided by the thickener system. In
other words, the thickener system in the calcium oleate
complex grease is multifunctional. Not only does it act as
an excellent thickener system for grease, it also provides
the desirable functionalities such as antiwear and EP
properties. However, as the Table 2 data clearly shows,
many of these multi-functional attributes also exist for
the commercial FG calcium sulfonate complex grease.
In some cases, such as EP/antiwear, water washout, and
low temperature mobility, the calcium sulfonate grease
appeared somewhat superior.

Origin of Antiwear and EP Performance in Overbased Calcium Greases

The intrinsic high performance of overbased calcium
grease in antiwear and EP is believed to be derived
from crystalline calcium carbonate. Micronized or
nano particles of crystalline calcium carbonate in its
most stable form of calcite is well known as one type
of special solid EP additive. And overbased calcium
alkylbenzinesulfonates and carboxylates are sometimes
also called passive EP additive (20). Different from
traditional EP chemistries of chlorine, phosphorous and
sulfur, all rely on fast reaction with newly generate metal
surface under EP conditions to prevent localized welding
of metal surfaces, passive EP additive prevents welding
by forming an inert physical barrier layer between two
surfaces under EP conditions.

form. On the other hand, for overbased calcium oleate
grease, such conversion results exclusively crystalline
calcium carbonate in vaterite form. One possible
explanation for this is that the surrounding shell of
calcium oleate provides a packing density that somehow
causes the amoephous calcium carbonate to convert
to vaterite, whereas the surrounding shell of calcium
sulfonate provides a different packing density that causes
calcite to be formed instead. In other words, the packing
density of different dispersant for the calcium carbonate
containing micelle acts as a template, calcium sulfonate
leads to calcium carbonate to be converted to calcite
form and calcium oleate leads to calcium carbonate to be
converted to vaterite form.
The formation of vaterite form of calcium carbonate in
calcium oleate grease was reported in 2009 (15). In the
case of overbased calcium oleate grease, the conversion
of the Newtonian overbased liquid grease precursor to
Non-Newtonian semi-solid grease is a reflection of the
morphological change associate with calcium carbonate
contained in the grease precursor.
There are several analytical techniques which can be
used to study this conversion from Newtonian overbased
liquid to Non-Newtonian grease (12). Since the
conversion is a reflection of morphological change, i.e.
a phase transition from amorphous calcium carbonate
to crystalline calcium carbonate, structural analysis
techniques should be best suited for characterization of
such change. X-ray Diffraction (XRD) and FTIR Infrared
Analysis techniques have been employed to study the
gellation process. As an example, X-ray diffraction
patterns of non-crystalline overbased calcium oleate
grease precursor, gelled thixotropic grease showing
crystalline calcium carbonate in Vaterite form, and pure
calcium carbonate powder in Vaterite crystal structure
(prepared through wet chemistry method) are shown in
Figure 1.

In cases of calcium sulfonate complex grease, the
Newtonian overbased calcium sulfonate precursor is
exclusively converted to Non-Newtonian semi-solid
grease containing crystalline calcium carbonate in calcite
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Figure 1. XRD patterns for amorphous grease precursor (lower spectrum), gelled grease containing
Vaterite crystalline calcium carbonate (middle spectrum) and pure crystalline calcium carbonate
precipitated through wet chemistry method (upper spectrum).
The lack of any sharp diffraction peaks for the grease precursor shown in Figure 4 clearly indicates
the amorphous or non-crystalline nature of the liquid grease precursor. Once the grease precursor is
converted to grease, diffraction peaks characteristic of Vaterite crystal form can be seen at 25 o2θ, 27 o2θ
and 32.8 o2θ. These peaks match well with the dominant XRD peaks obtained from pure Vaterite calcium
carbonate powder obtained through precipitation by wet chemistry method (upper spectrum of Figure
4). The diffraction peaks resulted from the converted grease are generally much broader than those from
precipitated vaterite powder, therefore some of the less dominant diffraction peaks might not be so clearly
distinctive, especially when two peaks are very close, they intend to be shown as a wide peak instead of two
separate peaks. On the other hand, since the diffraction peak at 29.2 o2θ is the most dominant diffraction
peak for the calcite crystal form of calcium carbonate, the lack of diffraction peak at 29.2 o2θ indicates that
when the amorphous grease precursor converts to crystalline calcium carbonate, it coverts exclusively to
vaterite crystal form.
This phenomenon is different than what is typically observed with overbased calcium sulfonate grease
systems, where calcium carbonate in calcite form will be the dominant crystal structure. Due to the laminar
structure of calcium carbonate in calcite form, each calcite particle acts like a minute deck of cards which
slides easily along the surface to provide protection and prevent direct surface to surface contact. It is
generally believed that calcite crystal form is more desirable in the calcium sulfonate grease thickener
system, while vaterite calcium carbonate is less desirable (12, 15). Such a conclusion might be true for the
calcium sulfonate complex grease thickener system, but it certainly cannot be extended to the calcium oleate
complex grease thickener system. The grease performance data on exclusively vaterite particle based calcium
oleate complex grease showed excellent antiwear performance even slightly better than the similar type of
calcium sulfonate grease while the EP performance properties such as Timken OK load and 4-ball EP weld
load are slightly inferior compared to calcium sulfonate complex grease, but are still considered very good
under the circumstance that no other active EP additives were used.
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Therefore, if the visualized picture for calcite particles
to cover and protect the underlying metal surface is that
each particle acts like a minute deck of cards, then due
to the spherical crystal structure of calcium carbonate
in vaterite form, the nanometer sized vaterite particles
can be imagined as a group of miniature marble balls.
An illustration for such group of miniature balls in
between the two metal surfaces is shown in Figure 2.
Figure 2 shows groups of vaterite based micelle particles
in between two metal surfaces in relative motion
under moderate normal load. When the normal load
is increased from moderate to extreme, the vaterite
based micelle particles spread out on the surface and
Figure 2. Group of Vaterite micelle particles
in between two metal surfaces in relative
motion under moderate normal load.

Conclusion

effectively maintain a space between two metal surfaces
and prevent direct metal to metal contact, as shown in
Figure 2 (for simplicity, asperities on the surfaces are
not shown). Though a pure and quantitative comparison
of the antiwear and EP properties between submicron
calcite particles in the calcium sulfonate grease and
nanometer sized vaterite particles in the calcium oleate
grease themselves is difficult and beyond the scope of
these previous studies (15,17), nevertheless, the grease
antiwear and EP performance data indicates that both
these two crystal forms of calcium carbonate are effective
passive EP additive in terms of building a space in
between two moving surfaces and prevent surface to
surface welding under EP conditions.
Figure 3. Vaterite micelle particles spread
out in between two metal surfaces in relative
motion under extreme pressure load.

The common feature of all overbased calcium grease is sub-micron or nanometer sized crystalline calcium
carbonate. The micelles of calcium carbonate either surrounded with calcium sulfonate in the case of calcium
sulfonate complex grease or surrounded with calcium oleate in the case of calcium oleate complex grease are
the main components of the grease thickener system. The type of organic anion on the micelle appears to
determine the crystal structure of these minute particles of calcium carbonate formed during the conversion
reaction from amorphous calcium carbonate to crystalline calcium carbonate. In the case of calcium sulfonate
complex grease, calcite is formed while in the case of calcium oleate complex grease, vaterite is formed
exclusively as the stable form crystalline structure instead of as a less stable intermediate form. The complex
reaction after the conversion of Newtonian liquid overbased calcium grease precursor to semi-solid nonNewtonian grease, either sulfonate-based or oleate-based, further improves the rheological property of the
grease. Such improvements are reflected in terms of higher thickening efficiency, higher dropping point, higher
shear stability and higher EP performance. It is believed that the reaction of complex acids, their incorporation
into the micelle structure in combination with the sub-micron or nanometer sized calcium carbonate within

the micelle core makes this particular thickener system
behave as a hybrid between a particle thickener system
and a soap fiber thickener system.
It is also believed that the sub-micron or nanometer
sized calcium carbonate is the origin of many of the
desirable grease attributes, especially in terms of
excellent antiwear and high EP performance. These
calcium carbonate containing micelles act not only as the
main component of the grease thickener system, but also
as a very potent passive EP additive effectively building
a physical barrier between two metal surfaces under
extreme pressure conditions.
With the further improvement on the availability of
various high TBN overbased calcium grease precursors,
either as synthetic calcium sulfonate dedicated for
grease making only, or food grade versions of calcium
sulfonate, or overbased calcium oleate, the overbased
calcium complex grease will become more popular in the
near future.
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1. Introduction

Lubricating grease was defined in ASTM-D288 as “a
solid-to-semi fluid product of dispersion of a thickening
agent in a liquid lubricant” [1]. Grease manufacturing
process typically consists of the following three steps:
reaction where thickener molecules are formed by
reaction of ingredients in base oil, development where
the thickener molecules develop to become fibrous, and
dispersion where thickener fibers are dispersed and
homogenized. Although it is important to know the
thickener state of being in grease in order to understand
its function as well as the rheological behavior of
grease, thickener structure in grease still remains to be
explained.
This study aims to make direct observations of
thickener structure in grease using a confocal laser
fluorescence microscope, CLFM.

2. Traditional observation techniques

The observation has traditionally been made using a
transmission electron microscope, TEM or a scanning
electron microscope, SEM. An atomic force microscope,
AFM has recently been used as an alternative.
A TEM offers a magnified and focused image of
thickener structure by transmitting a beam of electrons
through a specimen under vacuum (Figure 1). It requires
grease sample processing such as dilution, dispersion,
placement of a thin film of the sample on a screen and
oil extraction. Accordingly, TEM observations have
the problem of thickener being present less densely
compared to that in grease in the atmosphere.
Using a SEM, observation images are formed by

collecting secondary electrons from the specimen
scanned with a beam of electrons (Figure 2). The
thickener structure can be observed without dilution or
dispersion but still with oil extraction under vacuum.
In addition, electron microscopic observations are
frequently associated with vapor deposition process
to obtain sharply outlined images and to avoid excess
electron absorption. Despite being reported that oil
extraction does not affect thickener fiber shape [2], these
are like looking at “dried-up shell of grease” and far from
a direct observation of thickener structure in grease.
With an AFM, an untreated sample can be observed
by gathering physical information including surface
topology and hardness. A previous study examined
grease structure by comparing AFM with SEM based on
another older observation technique[3]. However, AFM
can only provide near-surface observations which do not
allow a detailed study of thickener network structure in
grease.
In short, researchers have so far had to recognize the
object observed by these techniques of limited choice as
thickener structure.
To solve these issues on the traditional observation
techniques, this study examines the potential of a
confocal laser fluorescence microscope, CLFM as
an alternative technique capable of making direct
observations of thickener structure in grease.

3. Observations

3.1 CLFM Configuration
Figure 3 shows the appearance of the CLFM used in
this study (Nicon’s A1RSi+).
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A CLFM is capable of noninvasively observing a
specimen to generate a distinct in-focus image at high
resolution by taking advantage of both a confocal
optical system which can selectively detect fluorescent
light coming from the focused point of a specimen and
fluorescent microscopy which measures fluorescent light
when the specimen illuminated with excitation light
moves from excited state to normal state [4]. The typical
application of CLFM includes the 3-D observation of
living specimens in the medical field. The laser beam
first scans a specimen in a horizontal X-Y direction to
obtain successive planar images in focus. Then, the stage
is repeatedly shifted in a vertical Z direction to acquire
another successive planar images of the specimen.
Finally, all these images are merged using software into a
3-D image.
A CLFM was applied to make thickener observations
at ordinary temperatures and pressures without prior
oil extraction and vapor deposition. In this study, a laser
beam emitting a wavelength of 488nm was employed as
excitation light. Sampling in a X-Y direction and shifting
in a Z direction were performed at intervals of 0.4 μm
and 0.5 μm, respectively.
3.2 Grease sample
Table 1 shows the properties of grease samples. Grease
samples A, B and C were prepared with diurea as the
thickener and mineral oil as the base oil and had a
thickener content of 7, 4 and 2 mass%, respectively. None
of the samples had additives. Prior to observation, a
grease sample of 10-20 mg was placed on a glass slide and
gently pressed with a cover glass to achieve a thickness of
20-30 μm.
3.3 Observation
For grease B having a thickener content of 4 mass%,
2-D CLFM images of 0.5 μm in thickness were obtained
by shifting in a Z direction at 3μm interval. As can be
seen from the three typical 2-D CLFM images in Figure
4, worm-like fibers are present varying in distribution in
response to the shifting. The 2-D images were merged
into a 3-D image which confirmed that the fibers form
a network structure more densely than that can be
found from conventional TEM observations (Figure 5).
To further examine the fibers shown in Figures 4 and
5, grease B was diluted 20 times with its base oil prior
to CLFM observations. The 3-D image obtained for
diluted grease B shows that there are fibers of a few μm in
diameter and 10-50μm in length coupled with finer fibers

(Figure 6).
Figure 7 shows a 2-D structure of greases A, B and C
having varying thickener contents. These images cannot
demonstrate fiber composition but show in conjunction
with Figure 6 that the fibers being present more densely
as the thickener content increases. This also corresponds
to thickener consistency in Table 1 suggesting that
these fibers can be reasonably considered as a thickener.
Additional analysis was performed for identification as
described in the next section.

4. Verification of Fiber Structure

4.1 Raman Spectroscopic Analysis
A Raman spectroscopic analysis was carried out to
identify the observed fiber as a thickener. To start with,
grease B and its base oil were separately analyzed. As
shown in Figure 8 (a), the Raman spectrum of grease
B had a characteristic absorption peak around 32503500cm-1 which can be attributed to thickener. Secondly,
grease samples were diluted in the same manner as in
3.3. Sampling was performed for 676 points in a X-Y
area of 50 μm×50 μm at 2 μm interval. The obtained
Raman images were colored according to the strength
of absorption peak to represent thickener content
distribution. Figure 9 shows an example of the Raman
mapping.
With the results described in 3.3 in mind, it is
reasonable to consider the observed fiber structure as
thickener because the CLFM images of fiber structure
and the Raman mapping of thickener distribution had a
similar pattern.
4.2 Comparison with SEM observation
SEM observations were made on grease B, specifically
the portion at which the thickener is densely present,
to compare the patterns of observed fibers and those
of thickener fibers viewed under a conventional optical
microscope.
The SEM images of grease B at a magnification of 1000x
and 5000x in Figure 10 indicated that fine thickener
fibers of <1 μm in diameter and a few μm in length are
present, being bundled together to form thick fibers of
2-3 μm in diameter and 40 μm in length. The CLFM
image in Figure 6 also shows fine fibers along with thick
fibers. These thick fibers of the same size as those in the
SEM images provide sufficient evidence to consider that
the 3-D images in Figures 5 and 6 show the thickener
network structure in grease.
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5. Summary

Although effective observations of thickener are of
particular importance for accurate understanding of
rheological grease behavior and thickener function,
the traditional observation techniques have various
drawbacks: some of them require oil extraction or vapor
deposition process leading to observations of “dried-up
shell of grease” under vacuum, or only provide nearsurface information.
Therefore, this study aimed to make direct observations
of thickener structure in grease by the application of
CLFM which is often used in the medical field.
The results are summarized as follows:
(1) A CLFM using a confocal optical system to
detect fluorescence light within a specimen
provided 3-D images of worm-like fibers in
grease samples.
(2) The CLFM images of grease samples having
varying thickener contents and the Raman
mapping are sufficient evidence to consider
the observed fibers in grease samples as
thickener.
(3) The CLFM images in comparison with
those of SEM showed a network structure
of thickener in grease where fine fibers are
present being bundled together to form thick
fibers.

Researchers have so far often assumed the loosened
fiber structure observed by TEM as thickener and
correlate it to grease behavior. In this study, the
successful direct observations of thickener in grease
suggested that the thickener network structure
comprised of fiber bundles are greatly involved in grease
behavior. The future challenge is to make more detailed
direct observations to further evaluate how the thickener
network structure made up of fiber bundles affect the
grease behavior.
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POLYPROPYLENE
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ABSTRACT

Greases thickened by polypropylene are in many
ways fundamentally different compared to traditional
lubricating greases. These differences are directly linked
to the properties of the polymer thickener. In this
paper we investigate these differences by comparing
unadditized polymer and lithium complex thickened
greases with pairwise identical base oil composition.
Two of the most striking differences noted, both in
lab trials and real applications, are lower self-induced
running temperatures, substantially longer grease life and
the ability to use a much wider base oil viscosity range in
the polypropylene thickened grease.
This study aims at explaining these benefits in
terms of the physiochemical differences between the
polypropylene thickener and a traditional lithium
complex thickener. Focusing on the behavior of the
thickener in, and close to, the tribo-contact as this
is found to be one of the key aspects explaining the
performance differences.

INTRODUCTION

Metal soaps are by far the most common thickening
technology for lubricating greases accounting for
around 90% of greases produced [1]. Consequently, the
vast majority of studies performed on the lubricating

properties of greases have been performed using soapbased greases. In this paper, we try to shed some light
on the lubricating properties of one of the less common
thickening technologies, namely polymers. Compared
to soap based thickening technologies the use of
polymers as thickener is more recent, but it is hardly
new technology first being patented in the sixties [2,
3, 4, 5]. The type of polypropylene thickened greases
studied in this paper were developed during the 1990s by
SKF Engineering and Research Centre in collaboration
with the Swedish Institute of Surface Chemistry (YKI)
[6, 7]. When the time came to up scaling the product
Axel Christiernsson joined the development project and
introduced an additional polymer to the formulation, an
elastomer, to optimize the crystalline-amorphous balance
in the thickener system [8]. Since about ten years back
these polymer greases have been in production.
So, is this polymer thickener technology just another
technology among the rest or is there more than meets
the eye? We know for a fact that these products behave
very differently, both in laboratory tests and in real life
applications. In fact, it was probably a bad marketing
move to call this type of semisolid lubricant a grease in
the first place as it imposes preconceived expectation of
how specifications should look (e.g. dropping points far
above realistic operating temperatures and maximum
operating temperatures close to 200°C). Some of the
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differences between soap and polymer thickened greases
have been highlighted before, both by us and by others.
Below follows a brief summary of some of the most
significant differences that have been noted.
Low temperature performance: As explained by
Professor emeritus Bo Jacobson the initial idea behind
developing the polymer grease in the early 1990s
was to create a grease with superior low temperature
performance [6]. This was also achieved and it has
been demonstrated that the performance in bearing
tests conducted in cold chambers is extremely good
[9, 10]. The explanation behind the low temperature
performance is that the polymer greases bleed oil at
temperatures where most soap based greases have
stopped releasing oil [10].
Resistance to water and process fluids: The
combination of a nonpolar thickener and good adhesion
makes the polymer greases very effective in protecting
metal surfaces against corrosion. The nonpolar thickener
system gives the grease especially good performance in
the presence of process fluids containing surface active
components [11]. The surfactants that stabilise emulsions
can be aggressive to soap thickeners leading to a collapse
of the thickener structure. In the case of using a nonpolar
thickener like polypropylene the effect of these surface
active components is less severe.
Long grease life and oxidation behavior: The polymer
greases have been shown to have much longer grease life
in test rigs at 120°C than other greases under the same
conditions. SKF R0F L50 values of over 5000 hours and
FAG
FE9 F50 results over 1500 hours are not uncommon
[10, 9]. In static thermal ageing tests in bearings where
the evaluation was made using a rheometer with a
bearing assembly the polymer grease has also been
shown to perform equal to or better than normal hightemperature greases [12]. In another study of static
ageing it was shown that, not surprisingly, a lithium
complex grease becomes stiffer when exposed to 120°C
for five days. In contrast, although the polymer grease
showed signs of oxidation, the rheological tests show
a grease that behaves in the opposite way, becoming
softer [13]. In general the oxidation behavior of polymer
greases differ quite significantly from soap based greases,
something which is highlighted in the results section of
this paper.

Low friction: In laboratory test rigs we see, in most
cases, lower running temperatures and running torques
than for most other greases. An example of this is
the SKF R2F-A test where the self-induced running
temperatures normally are 10-15 C° lower than soap
based greases formulated with the same base oils [11].
The same behavior has also been shown in studies where
thrust bearings were mounted in a modified four ball
machine [14, 15]. In electrical motors a reduction in
power consumption has been measured [16]. In addition,
reduced running temperature is also the normal
experience from field trials [17].
Film thickness: When it comes to film thickness the
polymer thickened greases have been shown to have a
very good capacity for forming a thick lubricating film
at low speeds and fully flooded conditions [18] which
might not be too surprising considering that polymers
have been shown to pass through the contact [19] and
that many of them significantly increase the boundary
film thickness [20]. There are also indications from
starved lubrication experiments that the polypropylene
thickener passes through the contact more often than
soap thickeners does. In ball-on-disc measurements,
under fully flooded conditions and high speeds, the film
thickness seems to be strongly related to the bleed oil
properties just like for soap based greases [21, 18].
Additive response: Traditional greases are thickened by
an organic salt (i.e. soap) that can, and will be, involved
in the tribochemical reactions occurring in a machine
element. The soap can in some cases bring desired
properties to the lubrication (commonly referred to as
functional thickeners, e.g. lithium bismuth complex
soap and calcium sulphonate complex soap) but in most
cases the soap will have a negative effect on the function
of the additives. In addition most soap based greases
contain a small excess of alkali to prevent oxidation and
discoloration of the grease during manufacturing. This
alkali is a reactive species that can further affect additive
performance negatively [22]. The thickener in a polymer
grease is very similar to the base oil in its physiochemical
properties and is therefore less likely to interfere with
additive performance.
Manufacturing and grease micro-structure: During
the manufacturing of lithium complex greases chemical
reactions between the metal hydroxide and the fatty
acids are responsible for forming the soap and in the
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cooling stage soap fibres form the thickener matrix via
crystallization. Both the reaction and the cooling stages
are very important for the performance of the resulting
thickener matrix and variations in raw materials or
process conditions can have a large effect on the result.
During the manufacturing of a polymer grease there
are no chemical reactions occurring. The polymer
and oil blend is simply heated to a temperature above
the melting point of the polymer and the solution is
then quench cooled to prevent crystallization and
agglomeration of the polymer molecules. The quenched
material is then worked into the desired consistency.
Not surprisingly the way the thickener matrices look is
also very different comparing a soap based grease and
the polymer thickened grease (see Figure 1) on the other
hand there are also quite a number of similarities.
As a manufacturer of polypropylene thickened greases
the authors have many times been surprised by the
differences in performance when replacing a soap
thickened grease in real industrial applications. These
differences range from significantly lower running
temperatures and reduced vibrations to much longer
relubrication intervals, in many cases using greases
that should not perform well if relying on the standard
guidelines for grease selection [17]. The lubricating
mechanism for polypropylene thickened greases
therefore must differ from that of soap base greases. The
aim of this study is to highlight some of these differences
by comparing polymer greases and lithium complex
greases with pairwise identical base oil compositions.
This might be comparing apples with oranges – the two
thickener types are very different, but we have gone far to
make the grease samples as similar as possible.

The differences presented between soap based greases
and the polypropylene thickened grease in this paper
leads us to the point where a modified model is needed
to describe the bearing lubrication mechanism for
polymer greases. Such a modified model is also suggested
by the authors.

MATERIALS and METHODS

Grease manufacturing
Manufacturing lithium complex grease: The production
of the lithium complex greases was done in a pilot
reactor with a batch size of 8 kg. The manufacturing
procedure followed a standard protocol. The soap was
synthesized in around 40% of the total oil volume. The
first saponification using 12-hydroxystearic acid was
performed at 90°C with a hold time of 30 minutes.
The temperature was then increased to around 115°C
and kept there for two hours after which the second
saponification using azelaic acid took place. The grease
was then kept at 115°C for 30 minutes before the
temperature was increased to the top temperature of
205°C. The cooling was performed using 5% portions of
oil with a hold time of 15 minutes between each addition.
The grease was finally milled and deaerated for 1 hour.
Manufacturing polymer grease: The first phase in the
manufacturing of the polymer grease is the melting of
the polypropylene in the oil. This was carried out in a
round flask with a mantle heater with a batch size of 1.2
kg. The polymer/oil solution was then quench cooled to a
temperature far below the melting point of the polymers.
In the second phase four batches of quenched material
were transferred to a mixing vessel where the material
was deaerated and worked into the desired consistency
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Grease composition
The polypropylene and lithium complex thickened greases produced for this study have been designed
to be as similar as possible. The base oil composition of the four grease samples with pairwise identical
base oil viscosities are based on straight PAO grades with an 6,3% addition of adipate ester to facilitate the
saponification in the case of the lithium complex (see Table 1).

Standard grease tests
In this study we evaluated the greases using a number of tests that are common to the grease industry. In
Table 2 these tests and the corresponding standards used are listed.
Thermal ageing
In order to investigate the effect of thermal ageing the grease were aged statically in a pre-heated oven at
120±2°C. Five glass plates were cleaned properly with hexane. An even grease layer of 1.5 mm was spread
over each glass plate, after which they were stacked on top of each other with a 2 cm spacer separating them.
The top glass plate was covered with an additional glass plate without grease on it so that the air flow was as
constant as possible. Each 24 hours a sample was removed from the oven. In this paper only the effect on the
two greases based on PAO-10 (i.e. PP-10 and LiX-10)
have been investigated.
In addition to the greases also the oil blend used in the
PAO-10 based greases (see Table 1) was thermally aged
in the oven. In this case, a petri dish with the amount of
oil needed make a 1.5 mm thick layer was placed in the
oven. Here the space between the top of the petri dish
and the covering glass plate was smaller (around 1 cm)
and the air flow, and subsequently the oxidation, might
therefore be affected.
The oil and thickener was for some samples separated
by dissolving a grease sample (3-4 grams) in petroleum
ether (100 ml). The solution was then filtered in a
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vacuum funnel with a filter paper having a 2 µm cutoff (Munktell OOH). The petroleum ether was then
evaporated and the remaining fractions of thickener and
oil analyzed.

All tests in this paper was performed using the same
test rig. For the greases LiX-10 and PP-10 the power
consumption was monitored during the test with an
Efergy CT Sensor.

All infra-red spectra were recorded on a Bruker Tensor
27 equipped with a Golden Gate ATR.

SRV wear test
The oscillating wear test was performed on an SRV4
according to ASTM D5707. The conditions for the ballon- disc test were 200 N load, 50 Hz frequency, a 1 mm
stroke length at 80°C. The duration of the standard test
is 2 hours. Here the test time was extended to 6 hours. A
running-in at 50 N for 30 seconds was performed prior
to the wear test. The wear scars were analyzed using a
Bruker Contour GT-K0 optical profiler.

Metal particle contamination
Metal, and metal oxides, were purchased from Sigma
Aldrich (see Table 3). The metal powder was mixed
uniformly into the grease using a DAC600 SpeedMixer
with a treat rate of 0.10 wt%. The larger particle size of
the brass lead to some sedimentation in the SpeedMixer
and the brass was therefore further dispersed by passing
the samples three times through a three-roller-mill. The
same ageing and analysis procedure as for the grease
without contamination was used.
SKF R2F-A
The lubricity of the greases were tested using the SKF
R2F-A test. The test consists of a pair spherical roller
bearings (SKF 22312) that have been run-in according
to a specific protocol. The test is then performed at
ambient temperature for 20 days at a 8340 N radial load
and a speed of 2500 rpm. After one day a relubrication is
performed and the test then continues for the remaining
19 days. During the test, the outer ring temperature
profile is recorded at two positions (upper and lower) for
each bearing and, after the test, roller and cage wear are
measured. The ambient temperature during the test is
controlled and kept at 20±0.5°C.
In this study we have mainly used the test differently.
The test is started as a normal R2F-A test with a
relubrication after day one. Then the test is run at 2500
rpm until failure. The test is judged to have failed if there
is a large temperature increase in combination with
excess vibrations from either of the two test bearings or
if the test rig stops as a result of the increased friction.

RESULTS

Grease properties
Some general properties of the four greases with
pairwise identical base oil viscosities are given in Table 4.
In most of the other tests run to evaluate the greases (see
Table 2) the two series with identical base oil viscosity
are quite comparable. Emcor, water washout and Shell
roll stability was also comparable, but were only tested
for the grades based on PAO10 and are given in Table 5.
The only, and expected, differences is the dropping point
where the two lithium complex greases had a dropping
point above 280°C and the polymer greases had dropping
points in the range 152 to 160°C and the oil bleed.
Concerning the oil bleed the polymer greases bleed
significantly more oil in the IP121 test.
R2F grease life test
The normal SKF R2F-A test is designed to assess the
lubricating ability of lubricating grease. The test is run
for 20 days and then the condition inside the bearings
are inspect (lubricating film on the rollers, discoloration/
consistency of grease etc.) and the roller and cage wear is
measured. The information collected, together with the
temperature curve, is then used to assess the lubricity
performance of the grease under the tested conditions.
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Here we have used this test in a different way by not stopping the test at day 20, but continuing until failure. A
failure is here equal to that the equipment stops by itself due to the resistance inside the test bearings, or that strong
vibrations in combination with elevated temperature occurs. The latter criteria has been implemented in order not
to damage the equipment.
The churning phase
During the first hour, or hours, after starting a newly lubricated bearing the grease is redistributed inside the
bearing giving rise to a temperature increase. During this churning phase the bearing contacts will be fully flooded
with lubricant and the film thicknesses will be much thicker than what is expected from the oil alone. In the PAO50 based greases there is no observable difference between the polymer and lithium complex thickened greases
in the churning phase (see Figure 3, panel A), both PP-50 and LiX-50 give rise to temperature spikes in the range

70- 80°C. In contrast, for the two PAO-10 based greases the difference is very pronounced. The PP-10 grease cause
temperature events of the same magnitude as the PP-50 and LiX-50 greases, but for the LiX-10 sample there is no
observable churning events at all (Figure 3, panel B).
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The first 20 days
If we first focus on the first 20-days of the test there
are a number of observations that can be made. For the
two higher viscosity grades, LiX-50 and PP-50, there is
an extremely large difference between the temperature
curves (see Figure 4 panel A). Both greases start at a
similar temperature level, but soon the lithium complex
grease starts to increase rapidly in temperature. The
gradually increasing temperature and the large number
of thermal events indicates a deteriorating lubrication
leading up to a total lubrication failure. There is a fairly
large difference between the temperature levels of the
right and left bearing lubricated with the LiX-50 grease
but this is still nothing out of the ordinary. Occasionally
large differences between bearings lubricated with the
same grease is not surprising [23].
What is surprising is the very large difference in the
temperature profiles when comparing the LiX-50 with
the PP-50 grease. It might here be good to remember that
the base oil viscosity of the oil is very high – a lot higher
that what is fit for the application with kappa-values for
the oil above 20 for both samples [24]. This does in no
way explain the large difference between the greases as
both are based on PAO-50 oil, but we see this difference

being significantly reduced when comparing the two
greases based on PAO-10 which has more normal kappavalues (Figure 4 panel B).
Since the samples are being run until failure we do not
have the possibility to look inside the bearings to inspect
the grease at the end of the 20 day period, but we have
previously run standard SKF R2F-A tests for the same
samples and the appearance of the grease inside these
bearings can be seen in the photos in Figure 4. In the
high viscosity samples the difference is striking. In the
bearing with LiX-50 the rollers are completely dry and
the grease close to the raceway is completely carbonized.
The contrast to the PP-50 sample is as big as in the
temperature profiles – much less oxidation and an oil
film on the rollers. A similar, but not as pronounced,
difference is seen between the LiX-10 and PP-10 samples.
Here there still is an oil film on the rollers lubricated with
the LiX-10 grease.
Considering the dissimilarity in the temperature curves
the appearance between the high viscosity samples is
expected to look different. For the low viscosity greases
there is also a quite pronounced difference between the
samples, especially when comparing the appearance of
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the grease between the rollers, even though the average
temperature difference between the samples only is
around 7°C.
There is one more important observation to be made
and that is the duration it takes the polymer greases
to reach a steady-state. For both the PP-50 and PP-10
samples it takes 7-10 days before the temperature stops
decreasing and stabilizes, this is a much longer time
than for the corresponding lithium complex grease. This
behavior is not only seen in these two polymer grease
samples tested here – it is a common theme in all R2F-A
tests we have performed with the polymer grease [17].
The behavior is not just limited to the R2F test, the
authors have seen the same pattern in tests with thrust
bearings (personal communication Ju Shu and Sergei
Glavatskih, Royal Institute of Technology, Stockholm)
and we have similar experiences from field trials
(personal communication, Roger Persson, Volvo).
The full test
The final result for the test is presented in Figure 5.
The data for each sample is presented as the average
temperature of all four temperature probes (the data
for each individual temperature probe can be found
in Appendix 1). Again there is a significant difference

in the running temperature between the LiX and PP
greases, but the most striking difference is the lubrication
life, which is seven times longer for the PP-50 grade
compared to LiX-50. For PP-10 the running time is as
of writing (May 13, 2016) over five times longer, but the
test is still running without any indications of failure.
The spike at around 65 days in the PP-10 curve is due
to that the test was stopped for less than an hour as one
of the support bearings started failing and needed to be
replaced.
The reason for the change in color from blue to grey in
the PP-50 curve is to indicate that we in a previous paper
[24] reported a life of 115 days for PP-50 as we were quite
certain that the test would fail as vibrations had started
to increase. As the vibration was still below what can
damage the equipment we let the test run another few
days, beyond the deadline of the conference paper, and to
our surprise the lubrication recovered and kept running
another 33 days before finally reaching a temperate and
vibration level in the right bearing (see Appendix 1) that
forced us to abort the test.
Comparing the average running temperature between
the high viscosity grades does not make much sense as
the LiX-50 is deteriorating so fast. For the lower viscosity
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grade the difference in average running temperature is
around 6°C (46°C for PP-10 and 52°C for LiX-10). If we
convert this difference into power losses by estimating
the heat dissipated from the system [25, 26] we end
up with an annual difference of 900 kWh (or 110 €
electricity cost) for a system running 24/7 for one year.
We also had a power consumption logging system
connected to the test rig (see Figure 6) which indicates a
power saving of around 3.5% or 330 kWh per year.
Thermal ageing
In a recent paper, co-authored by the authors, the static
oxidation of a 1 mm polymer grease layer in an oven at
120°C was compared to that of a lithium complex grease
[13]. The polymer grease in this study is the same as
PP- greases with the exception of being based on a
PAO-8 and not containing any adipate ester. The lithium
complex grease in the study is the same as the LiX in this
study with the exception of being an NLGI 1.5 grade and
based on a blend of PAO-8 and PAO-100.
In this paper it was found that without additives the
polymer grease is more prone to oxidation, as the lithium
soap, or the small excess of lithium hydroxide used in the
manufacturing, seems to have antioxidative properties
[27, 22]. The effect of the oxidation was also observed
in the viscosity of the bleed oils of the thermally treated
greases, where the increase was larger for the polymer
grease than for the lithium complex. With this in mind
it would be natural to expect that the consistency of the
polymer grease would increase more after oxidation
than the lithium complex grease, but that was not the
case. Instead the lithium complex grease increased in
consistency whereas the polymer grease lost consistency.

Similar increase in consistency has also been observed
by Couronné and Vergne for mineral oil based lithium,
lithium complex and poly urea greases at 120°C [28].
For the two lithium greases Couronné and Vergne
also observed a loss of consistency at 150°C due to the
thermal degradation of the soap thickener.
In a similar experiment the authors aged greases PP-10
and LiX-10 in an oven at 120°C on glass plates, collecting
samples every day. In addition, the oil blend used in the
greases was also subjected to the same ageing procedure.
The results of these experiments are matching what
has been published for grease ageing on steel plates:
The polymer grease displays a more rapid formation of
oxidation products compared to the lithium complex
grease as judged by IR-spectroscopy (see Appendix 2).
This is, for example, clearly seen in the acidic products
formed by oxidation which has their main absorption
bands in the region 1740 – 1700 cm-1 (C=O stretch
vibrations originating from formed aldehydes, ketones
and carboxylic acids). The increase in these chemical
species can be followed by the decrease in transmission
at 1716 cm-1 (see Figure 7).
The unchanged intensity of the carboxylate resonances
at 1580 and 1560 cm-1 originating from the lithium
complex soap indicates that it is probably mainly the oil
that is affected by oxidation in the LiX-10 grease as no
degradation of the soap is noticed (Appendix 2, panel A).
This is in line with what have been observed for regular
lithium soaps under similar conditions [29] and the
fact that no softening (i.e. a breakdown of the thickener
structure) is observed. Just like in the previous study we
note that the consistency of the lithium complex grease
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increases with ageing and that the consistency of the
polymer grease decreases (data not shown).
The oxidation of the pure oil blend has an oxidation
rate that is close to that of the polymer grease. This
again illustrates that the small amounts of excess lithium
hydroxide or the lithium soap itself has a stabilizing
effect on the oil. In the oxidation test the oil was placed
in a Petri dish with the same film thickness as the
grease. The distance from the top of the Petri dish to the
covering glass plate therefore became only half of that in
the grease test. This might have influenced the air flow

thereby reducing the oxidation rate somewhat. In reality
the oxidation of the oil blend may therefore be even
closer to the polymer grease than detected here.
The difference in oxidation behavior is also clearly
seen when analyzing the 7-day aged samples where the
oil has been extracted from the thickener. In panel B of

Figure 8 one can see that the oil and thickener in PP-10
oxidizes to the same extent as the PP-10 grease and
the PAO-10 oil blend. For the LiX-10 sample there is a
clear difference in oxidation rate for the soap and oil. In
addition, the difference towards the PAO-10 oil blend is
striking.
With the higher degree of oxidation in mind one would
expect also that the polymer grease would be the one
that shows the largest visual signs for oxidation, but this
is clearly not the case. Looking at Figure 9 it is apparent
that the lithium complex grease becomes darker much

faster than the polymer grease. Already after 5 days the
visual appearance of the LiX-10 sample is similar to that
of the 14 day old PP-10 grease. As the color change does
not correlate with the oxidation products picked up by
IR this must be related a chromophore originating from
the lithium complex thickener. When extracting the oil
from the 7 day aged samples it is noted that the color of

- 43 NLGI SPOKESMAN, MARCH/APRIL 2017

the extracted oil from the LiX-10 sample is much darker than the oil from the PP-10 sample. Therefore we can
conclude that the chromophore originating from the lithium complex thickener is soluble in oil.
Thermal ageing and boundary friction
The samples from the thermal ageing experiment was subjected to an SRV wear test at 80°C according to ASTM
D5707, with the exception of being extended from 2 to 6 hours (see Figure 10). The data presented for each
sample consists of the average of three representative runs.
For the LiX-10 grease the coefficient of friction does not change with ageing time, if anything it slightly
increases for the 7 day aged samples. Again the behavior of the PP-10 grease is fundamentally different: Around
day 2 the coefficient of friction starts decreasing and continues to decrease until around day 7 when it has been
reduced to half. The ball wear scars are similar for all samples measured (Figure 11, Panel A). If anything there
is a trend of increasing wear scars for the aged LiX-10 samples. For the samples aged longer time it becomes
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increasingly hard to get representative data sets as many of the samples seize before the end of the 6 hour
period. Therefore, full data sets have only been collected until the day 7 aged samples.
The thermal degradation products, probably polar degradation products of polypropylene, apparently have
friction modifying properties that are clearly seen in the SRV tests. To investigate the nature of the friction
modifier further the authors also ran the same SRV wear test on the oil extracted from the 7-day aged samples.
The friction curve from the oil extracted from PP-10 clearly illustrates reduced friction (see Figure 12).

Therefore we can deduce that the friction modifier is extracted with the oil and that it is of lower molecular
weight compared with the PP. Exactly what type of chemical species that is responsible for the reduced friction
is outside the scope of this investigation, but some type of organic friction modifier or a functionalized
polymer is expected [30]. This is further strengthened by the fact that the oil extracted from PP-10 has a higher
viscosity than the aged oil blend (see Table 6) even though both samples show a similar oxidation as seen with
IR-spectroscopy.
Interestingly, for the wear tests in Figure 12 with aged extracted oil there is also a notable difference in the
wear scars. The extracted oil from LiX-10 results in much deeper disc scars than the oil extracted from PP-10
(see Table 6). On the other hand, the polymer grease gives rise to somewhat larger and deeper ball scars. The
aged oil blend results in an even shallowed disc scar but also the largest ball scars. Fresh (unaged) oil blend also
gives a shallow disc scar, but also the smallest ball scars.
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Thermal ageing – metal debris contamination
When setting up the experiments for the thermal ageing of the greases the starting point was using a metal
substrate before turning to glass plates (for ease of comparison with already published data [31]). The reason
for changing substrate was that the authors noted a poor repeatability in the tests when using a metal substrate.
This poor repeatability was interestingly different for the lithium complex grease and the polymer grease and
it was therefore decided to investigate this further, with a focus on simulating the oxidative environment that
might exist inside a bearing with wear debris. Therefore, the LiX-10 and PP-10 samples were contaminated with
0.1% of selected metal particles listed in Table 7.

The previously observed difference in color change also holds for the metal contaminated samples, but the
change is significantly accelerated especially for the lithium complex grease and particularly for the copper
and brass contaminated samples, but also for the iron contaminated sample (see Figure 13). Interestingly,
when analyzing the IR-spectra there are only small differences between the metal free and metal contaminated
samples when it comes to the increase in carbonyl signal. As can be seen in Figure 14 the intensity of the
carbonyl signal in the PP- 10 greases is still much larger than for the LiX-10 greases. As observed before, the
color change is in no way correlated with the appearance of oxidation products.
Another observation that can be made are the structural changes occurring to the greases. The polymer grease
first becomes softer (day 2-7) and then it becomes tackier than the starting material. The lithium complex
grease changes differently – becoming more grainy and drier in appearance with ageing time. In the greases
aged for a longer period there is also a skin like texture on the top. The images inserted in Figure 13 illustrates
this by showing the appearance of the copper contaminated greases when being scraped off the class plate
after 14 days at 120°C. Rheological measurements of the greases reveal that the polymer grease becomes more
liquid like with ageing time and that the lithium complex grease becomes thicker. One issue with analyzing the
structural changes in the lithium complex grease is that the structures created by thermal ageing seems quite
easy to disrupt and in the transfer process from the glass plate to the rheometer a lot of structural information is
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lost. Currently the authors are working on investigating
the structural changes further developing a method to
analyze the undisturbed aged greases.

DISCUSSION

The mechanism behind grease lubrication of bearings
is very complex and the different phases of grease
lubrication are not fully understood [10]. What is known
from literature is that thickener type, thickener content
and base oil viscosity all have an influence on track
replenishment [32, 33]. Characteristics of the thickener
that reduce oil bleed (e.g. evaporation, oxidation and
polymerization) or reduce surface spreading (side flow)
will affect track replenishment negatively [23]. On the

other hand shear degradation [34], but also moderate
oxidation [35] improve track replenishment in soap
based greases. At low speeds both soap and polymer
thickeners have been shown to form thick surface layers
[33, 18] but also at higher running speeds the thickener
is found in the running track of bearings [36]. What is
undisputable is that the properties of the thickener will
have an effect on track replenishment thereby affecting
the degree of starvation and in the long run will have an
impact on grease life.
Commonly grease bearing lubrication is said to have
three phases [10]: A churning phase, followed by a
bleeding phase and finally we end up in a situation
where the lubricant no longer is able to supply the
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contact and we have a film breakdown resulting in
failure (see illustration in Figure 15). In general, this
description works for most greases, but this is not the
case for the polypropylene thickened grease. In the
following paragraph we will go through the behavior
of the polymer grease from startup to failure, resulting
in a suggested modified lubrication mechanism for this
category of greases.
Churning
During the first hour, or hours, after starting a newly
lubricated bearing the grease is redistributed inside
the bearing giving rise to high film thickness and a
temperature increase. This period is known as the
churning phase. The churning effect for the polymer
grease is known to be high from previous bearing tests
and field trials. Here we have the possibility to compare
two lithium complex greases with polymer greases of
exactly the same base oil composition. From panel B in
Figure 3 it is really apparent that the PP-10 grease gives
rise to much higher churning effect than the than the
corresponding lithium complex grease. The origin of
this indisputably originates from the thickener and the
explanation is probably simple: That the polypropylene
enters the contact to a much higher degree that the soap,
giving rise to a considerably higher viscosity and film
thickness. That the PP enters the contact has also been
observed by Cousseau in fully flooded film thickness
measurements [18] where the conclusion was that the
polymer grease entered the contact more frequently

than the soap based greases studied. The same result
has later been verified in samples that are very similar
to the polymer grease studied here [37]. More generally,
Couronné et al made a similar observations in their
study on VI improvers [17], where it was concluded that
polymers always enter the contact [19].
For the higher viscosity grade, based on PAO-50 oil, the
difference in churning effect is gone. The explanation for
this is likely that the high base oil viscosity, in itself giving
rise to a high film thickness, is cloaking the viscosity
increasing effect from the polypropylene entering the
contact.
After the churning phase the temperature normally
stabilizes quite fast, but it is not uncommon to see
temperature spikes also at a later stage that can be
explained by additional churning caused by grease
entering the contact [23].
Adjustment phase
The running-in time for the polymer grease is
significantly longer compared to soap thickened
greases, but once the system stabilizes it is generally less
fluctuating than the corresponding lithium complex
grease [17]. Figure 4 illustrates this behavior quite well,
but the same behavior is present in almost all bearing
tests run so far.
The reason behind the long running-in time of the
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polymer grease, in the tests performed here around 7
days, must be directly related to the physiochemical
properties of the thickener. Most likely the explanation is
related to how the polypropylene that is in, or near, the
contact zone is degraded. The initial thick lubricating
film caused by polypropylene entering the contact during
the churning phase will quickly be reduced as the high
shear forces and locally high temperatures will degrade
the long PP molecules to smaller molecular species
resulting in a lower local viscosity, thereby lowering the
film thickness. In the longer run the continued shear
degradation of polypropylene in the interface between
moving and stationary parts may lead to something
resembling a low shear stress liquid film.
The continued degradation of polypropylene inside
the track will also result in the generation of compounds
with boundary friction reducing properties as seen in the
SRV wear measurements (Figure 10). The exact nature
of the degradation products is unknown and outside
what has been investigated in this paper. Considering
the low running temperatures, indicating moderate film
thicknesses, it is likely that the viscosity of the lubricant
in the running track is not very high. Therefore some
form of an organic friction modifier is considered likely,
but something resembling a functionalized polymer is
also plausible [30].
Initial studies with using 7-day thermally aged
polymer grease, to lubricate new bearings still result
in a significant time period to reach stable running
conditions. These studies are work in progress and need
to be performed using the same test rig as the R2F-A life
test (currently occupied with the PP-10 sample) to get
comparable data. Until then no further conclusions can
be drawn.
In the end it will likely be a combination of polymer
degradation and generation of friction modifier that
gradually lowers the running temperature. The time it
takes to reach a steady-state temperature depends on
both the shear forces to which the grease is subjected
and the temperature in the contact zone. Therefore,
both the duration of this phase and the nature of the
degradation products will likely be different from case
to case - depending on bearing geometries, bearing
speed and load, base oil viscosity and so on. The authors
have therefore decided to call this additional phase an
adjustment phase.

Extended lubrication phase
The main phase in grease lubrication is what is
commonly referred to as the “bleeding phase”, which
normally accounts for close to 100% of grease life. Here
the main mechanism of track replenishment is oil release
from the thickener, but also thickener components
entering the contact can be directly involved in the
lubrication [33]. When the grease no longer is able to
supply the contact with oil the lubrication will ultimately
fail [38].
Soap thickened greases: During the bleeding phase
it is normal to encounter shorter periods of depletion
of the lubricating film leading to rapid temperature
increases promoting additional oil bleed from the grease
[39]. These temperature spikes, or events, are common
during bearing tests (see for example Figure 5). Another
consequence of the temperature events is that it promotes
oxidation, polymerization and evaporation. In a soap
based grease this in the long run leads to an increase in
consistency and reduced bleed oil rate [29]. It can also
lead to the formation of a so called “grease skin”, which
prevents oil bleed [39]. At elevated temperatures crust
formation, due to carbonization, can effectively stop oil
bleed in soap based greases [10].
Another mechanism working in the other direction
is the degradation of the thickener. The main
mechanism is shear degradation of the thickener close
to the lubricating track [34]. The severe shear forces
close to the contact zone will result in a mechanical
degradation of the thickener resulting in release of
oil. At high temperatures chemical degradation of the
thickener is also present for soap based thickeners [28],
but it is counterbalanced by more severe oxidation,
polymerization and evaporation.
Polypropylene thickened greases: If we examine
the different behavior of the two types of grease with
track replenishment in mind there are some obvious
advantages in the behavior of the polymer grease. As
the grease closest to the raceway is subjected to elevated
temperatures it does not increase in consistency; rather
it loses consistency which further increases the oil bleed,
improving the track replenishment and keeping the
running temperature down. When it comes to shear
stability it is not expected that there are any major
differences in shear stability between the two thickener
systems at moderate shear forces, based on what is
observed in mechanical stability tests like the Shell roll
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stability test (see Table 5). Subjected to the very high
shear forces in, and close to, the running track it is
very likely that the long polypropylene molecules are
more heavily degraded. This is also supported by what
is reported by Kompaniets et al. on the decrease of
molecular weight of polypropylene by shear deformation
under high contact pressure [40, 41, 42]. The contact
pressures that were investigated (1, 2 and 5 GPa) are
of the same magnitude what may occur inside rolling
element bearings [43].
The feed mechanism for the polymer grease will
therefore be a combination of bleed oil and degraded
polymer that enters the track. For the high viscosity
grades this replenishment mechanism becomes extra
apparent. Starvation in grease lubrication is known to
increase with base oil viscosity [32] and as this limits the
availability of the lubricant in the running track. Factors
that promote oil bleed reduce the risk for starvation. One
important factor that releases oil is shear degradation of
the thickener [34]. In the LiX-50 grease the high viscosity
hampers the oil bleed to such a degree that already after
a few days lubrication failure starts to occur. For the
polymer grease the shear, or thermal, degradation of the
polymer thickener close to the running track significantly
improves the track replenishment, in effect reducing the
thickener content locally in the shear zone, turning it
into a liquid lubricant. This prevents the starvation seen
in soap based greases of the same viscosity grade.
As the polymer thickener is sheared down it will be a
mixture of oil and degraded polymer that replenishes
the track. At the same time the polypropylene is in-situ
converted to a friction modifier. The mechanism is
therefore quite different compared to soap based greases
where oil bleed, to some degree promoted by shear
degradation, is the main source of lubrication [19].
Occasionally also fresh lumps of soap thickened grease
will enter the contact and give rise to replenishment,
but this will cause additional churning and temperature
events [23]. In addition, soap based greases can only
bleed out a certain amount of oil before they stop
bleeding oil altogether [38]. For the polymer grease
this is not such a big issue as the both the oil and the
thickener in the shear zone will actively participate in
track replenishment.
Taking into account the explanation for the lower
friction levels produced by the polymer grease
(demonstrated both by lower running temperatures and
lower power consumption) and that the lubrication life

is much longer (7 times longer for the PAO-50 grade)
the authors feel that the description bleeding phase does
not describe the replenishment process of the polymer
grease well, and have therefore renamed it an extended
lubrication phase – characterized by consumption and
regeneration of the lubricant reservoir.
Film breakdown - Lubrication failure
At some point the reservoir will be depleted even for
the polymer grease. The amount of high molecular
weight compounds, due to polymerization and
evaporation, have now increased to high enough
amounts that the grease near the running track has
become very tacky. The increase in the viscosity of the
polymer grease is even visible in the test data generated.
In Figure 5 it can be noted that from day around day
200 and forward the running temperature is gradually
increasing with one or two degrees per month. This
is most likely related to the lubricant in the running
track becoming thicker, due to oxidation of the oil
and an increasing ratio of polypropylene degradation
products. The remaining thickener is now not able to
feed the contact any more.
If we move back in time to before the failure there are
some important differences between the polymer grease
and the lithium complex grease in the way oxidation
occurs. The closer we get to the end of the grease life
the more likely it is that we experience short events
of lubrication failure, leading to temperature spikes
and vibrations, that accelerates additional oil bleed or
thickener entering the contact. During these events it is
likely that metal-metal contact occurs, causing wear and
the formation of wear debris. In a bearing the most likely
type of debris are particles of iron and its oxides form the
raceway and copper and zinc form the cage (in the case
of a brass cages). It is common knowledge that transition
metals, even at very low levels, can accelerate oxidation
processes [29]. This is also something that likely occurs
in a bearing, especially towards the end of life.
Interestingly enough, we don’t see large differences
between the metal free and the metal contaminated
samples when it comes to the intensity of the IR
carbonyl peak. Here the results are very similar to what
we noted for the metal free samples (see Figure 14).
The lithium complex grease shows the lowest level of
oxidation and the polymer grease and the oil have a
higher degree of oxidation. Looking beyond IR there are
other changes occurring to the two grease types when
oxidized that are quite different, but in both cases these
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changes are significantly accelerated by contamination
of metal particles (Figure 13). The polymer grease
initially becomes softer and then gradually turns
tackier and tackier. The lithium complex grease changes
rapidly becomes darker and gets a drier more grainy
appearance. On the air exposed surface of the LiX-10
grease, aged for longer times, there is a surface layer
forming with even thicker consistency. The nature of this
layer sounds very similar to the “grease skin” reported
by others [39]. Such a layer, or skin, will have negative
consequences for lubrication as it strongly reduces oil
bleed.
The authors are currently investigating the structural
changes in more detail, but based on currently available
data the authors can see two different main mechanisms
for lubrication failure in the two different grease types.
In the polymer grease the slowly increasing base oil
viscosity in the running track, caused by polymerization
and evaporation of low molecular species in combination
with an increasing content of polypropylene degradation
products, leads to increasing viscosity and temperatures
that in turn promotes further oxidation. At some

point the lubricant in and near the contact becomes so
thick that lubrication fails.
In the lithium complex grease we have a lower
degree of oil oxidation as seen by IR. Furthermore, the
viscosity of the extracted oils is lower. The main cause
of lubrication failure here is due to structural changes
in the thickener, resulting in stronger oil retention and
higher consistency. The formation of a “grease skin” near
the running track will further reduce the replenishment.
Once lubrication failure starts to occur the metal debris
formed will further strongly accelerate the deteriorating
lubrication.
Modified lubrication mechanism for polypropylene
thickened greases
Combining the data we have collected in this
investigation with our experiences from other
investigations and field trials the authors would like to
suggest an alternative model, consisting of four phases,
to explain the lubrication phases of polypropylene
thickened greases.
• Churning phase - Similar to the churning phase of
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soap based greases with the exception that the polymer
to a much larger extent enters the contact resulting in
stronger churning.
• Adjustment phase – Additional phase for
polypropylene greases. During this phase the PP entering
the contact is degraded resulting in the in-situ formation
of a friction modifier. The thickener in the interface
between moving and stationary parts will be sheared
down creating a low viscosity fluid film.
• Extended lubrication phase – To emphasize the
difference in feed mechanism the name “bleeding phase”
is changed. For the polymer grease the reservoir is not
simply consumed – it is also continuously regenerated
by the local shear and thermal degradation of the
polypropylene – leading to a phase which is many times
longer compared to the bleeding phase in soap based
greases.
• Film breakdown – When the grease no longer is able
to feed the contact with lubricant we reach the end of
lubricating life. For the polymer grease it is the increasing
viscosity, as a result of oxidation and an increasing
amount of degraded polypropylene, that finally prevents
replenishment.
In addition the bleeding phase is significantly extended
for the polymer greases as the combination of shear and
temperature will keep the contact feed with lubricant.
At some point the viscosity of the lubricant in, and near,
the running track, will become so thick that it no longer
can supply the contact with lubricant and subsequently
lubrication will fail.
Field trial experiences
The results presented by the authors in this paper is
also confirmed by the experiences from field trials. In
a recent paper [17] the authors presented a number of
selected trials form industrial applications performed at
a major industrial manufacturer where a fully additized
polypropylene thickened grease showed lower operating
temperatures and significantly extended service intervals
compared with a lithium complex grease of comparable
quality. In addition, observations were also made that
support the higher churning temperatures and the
adjustment phase.
From the end user perspective the possibility of using
a higher viscosity grade than for a soap based grease is

advantageous, as it ensures adequate lubricating films
also at low running speeds. This is for example beneficial
in systems that run at higher speeds during production
hours but at lower speed to conserve energy when
production is not running (e.g. nights or weekend). This
is exactly the case with the flue fan at the industrial user
and the experience is that the vibrations present using
a lithium complex grease at low speed are gone since
switching to a polymer grease [17]. This is also in line
with the suggested feed mechanism presented in this
paper.

CONCLUSIONS

In this paper the authors have shown that grease
thickened by polypropylene deviates from the most
common mechanism used to describe grease bearing
lubrication. Instead the authors suggest a modified
mechanism (Figure 1) that better describes the behavior
of the polypropylene thickened greases in bearings
consisting of:
•C
 hurning phase (duration hours): As the
polypropylene has been shown to enter the contact
to a high degree the observed film thickness and
churning is high. The polypropylene in the contact
zone is rapidly degraded, reducing the local viscosity
and the film thickness.
•A
 djustment phase (duration days): In the interface
between moving and stationary parts the shear and
temperature will continue to affect the polymer
creating a film of low viscosity. This film will separate
the grease unaffected by shear and the moving
surface, creating a low shear stress liquid layer. In
parallel, the degradation of polypropylene gives rise
to the in-situ formation of a friction modifier.
•E
 xtended lubrication phase (duration months): The
layer of oil and degraded propylene close to the
contact zone is continuously supplying the contact
with lubricant. At the same time the reservoir is
continuously regenerated by additional mechanical
and thermal degradation, creating an extremely
long lasting feed mechanism for the contact. Where
a normal grease essentially is a two-phase system
with a liquid-phase consisting of oil and a solidphase consisting of the thickener, a polymer grease
is more of a quasi-one-phase system with a lowviscosity hydrocarbon dissolved in an extremely
high viscosity hydrocarbon. When the polymer gets
sheared down close to the contact zone we locally

- 52 VOLUME 81, NUMBER 1

end up with a true one-phase system. In other words,
the polymer grease turns into 100% oil, giving rise to
more lubricating capacity than a soap based grease,
thereby giving rise to much longer lubrication life.
• Lubrication failure: Severe film breakdown occurs
when the grease no longer can feed the contact with
lubricant. For the polymer grease this is caused by
an increase in viscosity caused by oxidation and an
increasing amount of degraded polypropylene in the
contact zone. The grease simply becomes too thick
and tacky to flow. For the lithium complex grease
the main mechanism is not oxidation of the oil, but a
change in the thickener structure causing the grease to
get a higher consistency and a drier appearance at the
same time as the oil retention increases. The presence
of metal debris accelerates the structural change of the
lithium complex grease to a higher degree than for the
polymer grease.
The key findings in this paper are:
• The lubrication potential of a polymer grease is up to
7 times longer than a comparable lithium complex
grease.
• The polypropylene enters the contact and is directly
involved in the lubrication.
• The polypropylene is in-situ converted to a friction
modifier.
• Low shear films separating moving parts and the
lubricant reservoir reduces shear losses.
• The polymer grease finally fails due to an increasing
consistency of the lubricant, the lithium complex
fails due to the increased oil retention of the
thickener.
• The reduced power consumption for the polymer
grease seen in the tests is around 3-5%
• Where higher viscosity grades of the lithium
complex thickened greases fail to lubricate – the feed
mechanism of the polypropylene grease lubricate
efficiently.
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APPENDIX 1:

Raw temperature data from the R2F until failure experiment for all 4 probes. As of May 13, 2016 the test for PP-10
has not yet failed.

APPENDIX 2

The IR-spectra for the LiX-10 (panel A), PP-10 (panel B) and the PAO-10 oil blend (panel C) after static thermal
ageing at 120°C. The detected oxidation rate as judged from the infra-red spectra is PP-10 ≈ Oil blend > LiX-10.
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NLGI India Chapter’s 19th
Lubricating Grease Conference
The India Chapter of NLGI conducted its 19th Annual Lubricating
Grease Conference February 2-4, 2017 at the Ramada Plaza, Varanasi.
The NLGI-India Chapter Conference has become a focal point for
meeting grease industry professionals in southeast Asia and around the
globe. The theme of the conference was ‘Latest Trends in the Grease
Industry’. A total of 250 delegates representing India and abroad attended
the conference, including David Como, NLGI President and Terry
Dicken, ELGI Chairman. 22 technical papers were presented including
2 business discussions, and 18 exhibitors had displays at the conference.
Mr. Prabal Basu, CMD, Balmer Lawrie Co. Ltd., was the Chief Guest
and inaugurated the conference. Dr. Anoop Kumar, Director R&D and
Business Development, Royal Mfg. Co. LP and current NLGI Treasurer
was the Chief Guest for the valedictory session. Technical papers were
divided into 7 technical sessions. M. Jaiganesh of Raj Petro Specialties
Ltd., presented a paper entitled, ‘Effect of polymers on shear stability
and performance characteristics of calcium sulfonate greases’ which was
awarded best paper presented under the Development Category and the
paper entitled, “Installation of hybrid grease lubricator system in SCP
Machine # 1 coke plant battery 10 & 11” by GRP Singh of TATA Steel,
was awarded best paper under the Application category . The technical
programs were followed by cocktail receptions, traditional cultural
programs and participants enjoyed every moment. The next conference
is tentatively planned for February, 2018 at the Amritsar in the state of
Punjab. Exact conference dates will be forthcoming.
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Industry
Calendar of Events
Please contact Kim if there are meetings/conventions you’d like to add to our
Industry Calendar. kim@nlgi.org
(Your company does not have to be an NLGI member to post calendar items.)

April 20-22, 2017
ILMA Management Forum
Park Hyatt Aviara
Carlsbad, CA

October 10 – 14, 2017
CLGI Biannual National Conference
China
Location and more information to come

May 6-9, 2017
29th ELGI AGM
Hilton Kalastajatorppa
Helsinki, Finland
Visit Website

October 14-17, 2017
ILMA Annual Meeting
Hyatt Regency Grand Cypress
Orlando, FL

May 21-25, 2017
72nd STLE Annual Meeting & Exhibition
Hyatt Regency Atlanta, Georgia (USA)
More Information

October 31 – November 2, 2017
2017 Chem Show
The Event for Processing Technology
Javits Center
New York City, New York
www.chemshow.com

June 10th – 13th, 2017
NLGI 84th Annual Meeting
Olympic Valley, CA
Resort at Squaw Creek

April 19-21, 2018
ILMA Management Forum
Fort Lauderdale Marriott Harbor Beach Resort & Spa
Fort Lauderdale, FL
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June 9 – 12, 2018
NLGI 85th Annual Meeting
The Coeur d’Alene Resort
Coeur d’Alene, ID

October 6-9, 2018
ILMA Annual Meeting
JW Marriott Desert Springs Resort & Spa
Palm Desert, CA

Advertiser’s Index
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Lubes ‘n’ Greases, page 17
Lubrizol, back cover
Patterson Industries Canada, A Division of All-Weld,
Co. Ltd, page 5

June 8 – 11, 2019
NLGI 86th Annual Meeting
JW Marriott Las Vegas Resort
Las Vegas, NV

Vanderbilt Chemicals LLC, Inside Cover
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