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HEAVY-DUTY ENGINE OIL CLASSIFICATION PANEL

OF 
ASTM D02.B0.02

June 18, 2002
Fairmont –The Queen Elizabeth Hotel

THIS DOCUMENT IS NOT AN ASTM STANDARD; IT IS UNDER CONSIDERATION WITHIN AN ASTM
TECHNICAL COMMITTEE BUT HAS NOT RECEIVED ALL APPROVALS REQUIRED TO BECOME AN
ASTM STANDARD.  IT SHALL NOT BE REPRODUCED OR CIRCULATED OR QUOTED, IN WHOLE
OR IN PART, OUTSIDE OF ASTM COMMITTEE ACTIVITIES EXCEPT WITH THE APPROVAL OF THE
CHAIRMAN OF THE COMMITTEE HAVING JURISDICTION AND THE PRESIDENT OF THE SOCIETY.
COPYRIGHT ASTM, 100 BARR HARBOR DRIVE, WEST CONSHOHOCKEN, PA 19428-2959.

ACTION ITEMS

1. Bring data on using CI-4 tests (1R, M-11 EGR, T-10) in place of CH-4 tests. All

MINUTES

1.0 Call to Order

1.1 Chairman Jim McGeehan called the meeting to order at 1:00 p.m. on June 18, 2002, in
the Marquette Room of the Fairmont – Queen Elizabeth Hotel of Montreal, Canada.  There were 10
members present or represented and there were approximately 45 guests present.  The attendance list is
shown as Attachment 2.  Note: There were a large number of guests present who missed the attendance
list because it was not passed from one side of the room to the other.

2.0 Agenda

2.1 The published agenda (Attachment 1) was reviewed, with no suggested changes.

3.0 Previous Meeting Minutes

3.1 The minutes from the December 3, 2001 meeting were approved as distributed and
posted on the ASTM Test Monitoring Center web site.

4.0 Membership

4.1 Chairman McGeehan reviewed the membership list and corrected his slide after input
from the audience.  Matthew Urbanak will replace Aimin Huang for Shell.  See
Attachment 3.

5.0 Chairman’s Comments

5.1 Chairman McGeehan thanked the group for their teamwork in bringing the CI-4 category
in on time (See Attachment 4) and then asked for observations and thoughts about how
the PC-9 process went and what we could do to help make the PC-10 process even
better.  

5.2 Lew Williams observed one of the key elements in delivering PC-9 was that all parties
took a “what we could live with” approach, and worked out compromises.

5.3 Greg Shank noted that when issues arose, people expended the effort to meet and deal
with them expeditiously and thus were able to keep close to the overall timeline.  In
response to a comment about early delivery of the tests, Greg said it was just the nature
of the business…that production like hardware was never going to be available until close
to actual production and consequently, not all problems would be known very far ahead
of time. 
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5.4 Dave Stehouwer remarked that the spirit of the group was to work through the problems

as they occurred and he encouraged the group to keep the dialog going during PC-10.
5.5 Tom Cousineau felt the “exit” ballots were a good process to help expose potential

problems and Greg Shank added especially when no “abstentions” were allowed.
5.6 John Zalar noted his appreciation of people working to meet the timeline for PC-9 and his

disappointment in how long it took to get the matrix oils blended and delivered.
5.7 Pat Fetterman observed that the T-10A test and the T-10 merit system were added at the

last minute through extraordinary effort.  He would have liked for those efforts to have
started earlier.

6.0 Cummins M-11

6.1 Jeff Clark presented background and data on why the Cummins Surveillance Panel
adopted a correction factor for the M-11EGR filter delta-P parameter.  See Attachment 5.

7.0 APBF-DEC Program

7.1 Jim McGeehan informed the group of a government funded program looking at lubricant
effects on emissions control systems (aftertreatment devices).  See Attachment 6.

8.0 PC-10 Timeline

8.1 Greg Shank presented the EMA view of what the PC-10 timeline should look like.  See
Attachment 7.

8.2 John Shipinski asked about the possibility of an ash limit for PC-10 oils.  The response
indicated it would be mid-2004 before sufficient data would be available to know.

9.0 Demonstrating CH-4 Performance with CI-4 Tests

9.1 Don Marn presented data from T9 & T10 , M-11HST & M-11EGR tests on the same oil
showing that the CI-4 (T-10 & M-11 EGR) tests were more severe than the CH-4 (T-9 &
M-11 HST) tests, supporting the position that oils could be qualified for CH-4 by running
the CI-4 tests with relaxed limits.

9.2 Greg Shank reminded the group that the CH-4 tests are still specified for ACEA
categories and Pat Fetterman indicated Infineum had already presented data similar to
the Lubrizol data.

9.3 The question was raised about using the 1R for the 1P also, but no data has appeared.

10.0 Award

10.1 Jim Bover, Chairman of Committee D.02, presented Jim McGeehan with an ASTM Award
of Excellence for his and the panel’s efforts in delivering CI-4 on time.

11.0 Caterpillar Single Cylinder

11.1 Jim Wells notified the group that the SCOTE Surveillance Panel is considering a request
to the HDEOCP to remove “Loss of Side Clearance” as a pass/fail parameter for the 1M-
PC test, since it appears to be a random occurrence.

12.0 Next Meeting

12.1 The next meeting is planned for December 2002, in Anaheim.

13.0 Adjournment

13.1 The meeting was adjourned at approximately 2:25 p.m.

Submitted by:

Jim Wells
Secretary to the HDEOCP 
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HEAVY-DUTY ENGINE OIL CLASSIFICATION PANELS
 

FAIRMONT-THE QUEEN ELIZABETH HOTEL-MONTREAL
June 18th  2002
2:00-4:00 PM

  
Chairman/ Secretary: Jim Mc Geehan/Jim Wells
Purpose: PC-10

 
Desired Outcomes: PC-10 Tests and Time-line

Start the process: Funding etc

TOPIC PROCESS WHO TIME

Agenda Review • Desired Outcomes & Agenda Group 2:00-2:05

Minutes Approval • December 5th  2001 Group 2:05-2:10

Membership • Changes 

• Chairman’s comments

Group 2:10:2:15

Learning Look back • API CI-4

• List +/-

Group 2:15-2:30

Cummins M11-
EGR

• Effects of filter change

• Surveillance panel
recommendations accepted

John Zalar 2:30-2:45

APBF-DEC Program • Objectives and time line

• Influence on PC-10 requirements

Jim Mc Geehan 2:45-3:00

PC-10 • Process: funding; tests selection
• Time line
• PC-10 and DHD-2

Greg Shank 3:00-3:30

Older API categories
:Test by test limits

• Alternate test limits for:
• Cummins M11 EGR for M11HST
• Mack T-10 for Mack T-9
• Cat 1R for Cat 1P
• Process forward

Steve Kennedy

Lew Williams

3:30-4:00



HDEOCP  Members
Attendance List  -  June 18, 2002

Belay, Mesfin                                 Bondarowicz, Frank                            ☺
Detroit Diesel Corp. International Truck and Engine Corp.
13400 W. Outer Dr., K15 10400 West North Ave., Dept 555
Detroit, MI 48239-4001 Melrose Park, IL 60160
313-592-5970 708-865-4030
313-592-5952 708-865-4229
mesfin.belay@detroitdiesel.com frank.bondarowicz@nav-international.com

Chao, Kenneth K. Cousineau, Thomas J.                        ☺                        
John Deere Ethyl Petroleum Additives
P.O. Box 8000 500 Spring S.
Waterloo, IA 50704-8000 P.O. Box 2158
319-292-8459 Richmond, VA 23217-2158
319-292-8441 804-788-6282
chaokennethk@jdcorp.deere.com 804-788-6388

tom_cousineau@ethyl.com

Fetterman, G. Pat                                 ☺ Kennedy, Steve                                   ☺ 
Infineum USA, LP ExxonMobil R&E
P.O. Box 735 Billingsport Rd.
Linden, NJ 07036 Paulsboro, NJ 08066
908-474-3099 856-224-2432
908-474-3363 856-224-3678
pat.fetterman@infineum.com steven.kennedy@exxonmobil.com

Kleiser, Bill McGeehan, James A.                           ☺
Chevron Oronite Technology Chevron Global Lubricants
100 Chevron Way 100 Chevron Way
Richmond, CA 94802 Richmond, CA 94802
510-242-3027 510-242-2268
510-242-3173 510-242-3758
wmkl@chevrontexaco.com jiam@chevrontexaco.com
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HDEOCP  Members
Attendance List  -  June 18, 2002

Shank, Greg L.                                    ☺ Stehouwer, David M.                           ☺ 
Mack Trucks, Inc. Cummins Engine Co.
13302 Pennsylvania Ave. 1900 McKinley Ave
Hagerstown, MD 21742-2693 MC 50183
301-790-5817 Columbus, IN 47201
301-790-5815 812-377-9209
greg.shank@macktrucks.com 812-377-7226

david.m.stehouwer@cummins.com

Stockwell, Robert T.                              RO Tharp, Dwayne E.
General Motors Corporation Caterpillar Inc.
GM Powertrain Engineering Center 501 S. W. Jefferson Ave.
Mail Code 480-734-801 Peoria, IL 61630-2172
30003 Van Dyke 309-675-6122
Warren, MI 48090-9060 309-675-1598
810-492-2268 tharpde@cat.com
810-575-2732
robert.stockwell@gm.com

Urbanak, Matthew                                RAC Wells, James M.                            ☺
Shell Global Solutions US Southwest Research Institute
Westhollow Technology Center (L-109C) PO Drawer 28510
P.O. Box 1380 San Antonio, TX 78228-0510
3333 Highway 6 South USA
Houston, Texas 77251-1380 (210) 522-5918
281-544-9227 (210) 523-6919
281-544-8150 james.wells@swri.org
matthew.urbanak@shell.com

Williams, Lewis A.                                ☺
The Lubrizol Corporation
29400 Lakeland Blvd.
Wickliffe, OH 44092
440-347-1111
440-944-8112
lawm@lubrizol.com
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HDEOCP  GUESTS
Attendance List, June 18, 2002

Barajas, Anthony Baranski, John
Southwest Research Institute Crompton Corp.
PO Drawer 28510 199 Benson Road
San Antonio, TX 78228-0510 Middlebury, CT 06749
USA (203) 573-2354
(210) 522-2997 (203) 573-2125
(210) 680-8446 John_Baranski@cromptoncorp.com
anthony.barajas@swri.org

Bates, Terry Beret, Samil
Manesty Consultant Ltd. ChevronTexaco
50 Tower Rd. North 100 Chevron Way
Heswall, Wirral,  CH60 6RS Richmond, CA 94802
England 510-242-4749
44-151-348-4084 berets@chevrontexaco.com
44-151-348-4084
batesterryw@cs.com

Bowden, Dwight Buck, Ron
OH Technologies, Inc. Test Engineering, Inc.
P.O. Box 5039 12718 Cimmaron Path
Mentor, OH 44061-5039 San Antonio, TX 78249
(440) 354-7007 (210) 877-0221
(440) 354-7080 (210) 690-1959
dhbowden@ohtech.com rbuck@tei-net.com

Buscher, William A. Carter, Jim
Buscher Consulting Services Haltermann Products
P.O. Box 112 2296 Hulett Rd.
Hopewell Jct., NY 12533 Okemos, MI 48864
(845) 897-8069 (517) 347-3021
(845) 897-8069 (517) 347-1024
buschwa@aol.com jecarter@dow.com
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HDEOCP  GUESTS
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Chasan, David Cherrillo, Ralph
CIBA Additives Shell Global Solutions
540 White Plains Road P.O. Box 2005 3333 Highway 6, South
Tarrytown, NY 10502 Houston, TX 77082-3101
(914) 785-2846 (281) 544-8789
(914) 785-2868 (281) 544-8150
david.chasan@cibasc.com ralph.cherrillo@shell.com

Clark, Dick C. Clark, Jeff
API ASTM TMC
1220 L St., NW 6555 Penn Ave.
Washington, DC 20005 Pittsburgh, PA 15206
United States of America (412) 365-1032
(202) 682-8182 (412) 365-1047
(202) 682-8051 jac@astmtmc.cmu.edu
clarkd@api.org

Cox, Gordon Deane, Barry
Tannas Co. ExxonMobil Research & Engineering
4800 James Savage Rd. 2800 Decker Dr.
Midland, MI 48642 Baytown, TX 77522
(989( 496-2309 281-834-7821
(989) 496-3438 281-834-3571
gcox@savantgroup.com Barry.C.Deane@exxonmobil.com

Denton, Vicky Dragent, David
F&L Asia Publications, Inc. Petro-Canada Lubricants
P.O. Box 151 2489 N. Sheridan Way
Ayala Alabang Village, Muntinlupa City 1780 Missassauga, Ontario
Phillippines Canada
632-809-4665 905-804-4692
632- 807-5490 dragent@petro-canada.com
flasia@i-manila.com.ph
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HDEOCP  GUESTS
Attendance List, June 18, 2002

Farnsworth, Gordon R. Fernandez, Frank
Infineum Chevron Oronite
P.O. Box 735 4502 Centerview Dr., Suite 210
Linden, NJ 08036 San Antonio, TX 78228
(908) 474-3351 (210) 731-5603
(908) 474-3637 (210) 731-5699
gordon.farnsworth@infineum.com ffer@chevrontexaco.com

Franklin, Joseph M. Funk, Raymond P.
PerkinElmer Automotive Research Citgo Petroleum Corp.
5404 Bandera Road P.O. Box 3758
San Antonio, TX 78238 Tulsa, OK 74102
(210) 523-4671 (918) 495-5931
(210) 681-8300 (918) 495-5912
joe.franklin@perkinelmer.com rfunk1@citgo.com

Gill, Harji Goldblatt, Irwin F.
Pinnacle Oil Co. Castrol NA
5009 West 81st Street 240 Centennial Ave.
Indianapolis, IN 46268 Piscataway, NJ 08854
317-875-9465 (732) 980-3606
hgill@pinnoil.com (973) 686-4224

irwin.goldblatt@castrolna.com

Gomez, Redescal Harris, Raymond B.
PDVSA Intevep PPC Lubricants
APDO 76345 245 Green Lane Dr.
Caracas, Venezuela 1070A Camp Hill, PA 17011
(58212) 908-6754 (717) 939-0466
(58212) 908-7723 (717) 939-0294
gomezriv@pdvsa.com hcmgt@aol.com
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Herzog, Steven Lee, Rich H.
RohMax USA Inc Chevron Oronite
723 Electronic Drive 100 Chevron Way
Horsham, PA 19044-2228 Richmond, CA 94802
(215) 706-5817 (510) 242-2988
(215) 706-5801 (510) 242-3173
steven.herzog@degussa.com rhle@chevrontexaco.com

Marn, Don J. Matson, Mark L.
The Lubrizol Corporation Marathon Ashland Petroleum LLC
29400 Lakeland Blvd. 539 S. Main
Wickliffe, OH 44092 Findlay, OH 45840
(440) 347-1481 (419) 421-4239
(440) 347-1286 (419) 421-2264
djm@lubrizol.com mlmatson@mapllc.com

May, Chris Miller, Ed
Imperial Oil Consultant
453 Christina St., S. 42 Edgehill Dr.
Sarnia, Ontario N7T 8C8 Wappingers Falls, NY 12590
Canada (845) 297-8276
(519) 339-2827 milleredf@aol.com
(519) 339-2317
chris.j.may@esso.com

Nann, Norbert A. Oliver, C. Rick
Nann Consultants Inc. RSI
59 Edgehill Drive 2805 Beverly Dr.
Wappinger Falls, NY 12590 Flower Mound, TX 75022
(845) 297-4333 (972) 726-2136
(845) 297-4334 crickoliver@attbi.com
norbnann1@aol.com
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HDEOCP  GUESTS
Attendance List, June 18, 2002

Olree, Robert Olsen, R. E.
GM Research & Development Chevron Oronite
480-106-160 P.O. Box 1627
30500 Mound Road Richmond, CA 94802
Warren, MI 48090-9055 510-242-4127
810-947-0069 rols@chevrontexaco.com
810-986-2094
robert.olree@gm.com

Parry, Barb Patrick, Dick
Mohawk Lubricants Ltd. Citgo Petroleum Corporation
130 Forester St. P.O. Box 3758
North Vancouver, BC VTH2M9 Tulsa, OK 74102
(604) 924-2703 (918) 495-5937
(604) 929-8371 (918) 495-5935
bparry@mohawklubes.com rpatri1@citgo.com

Peirong, Yan Rosenbaum, John
SINOPEC Chevron Products Co.
No. 6A Huixin East St. 100 Chevron Way
Chaoyang District Richmond, CA 94802-0627
Beijing,  100029 (510) 242-5673
China (510) 242-3758

rosj@chevronTEXACO.com

Runkle, William A. Sarlo, Mark K.
Valvoline Company Southwest Research Institute
LA - GN PO Drawer 28510
P.O. Box 14000 San Antonio, TX 78228-0510
Lexington, KY 40512-4000 USA
(859) 357-7686 (210) 522-3754
859-357-7610 (210) 523-6919
wrunkle@ashland.com mark.sarlo@swri.org
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HDEOCP  GUESTS
Attendance List, June 18, 2002

Shipinski, John Strigner, Paul
Toyota 31 Seguin St.
1588 Woodridge Ottawa, Ontario KIJ 6P2
Ann Arbor, MI 48105 Canada
(734) 995-3754 (613) 746-0647
(734) 995-5971 (613) 746-9292
shipinski@ttc-usa.com kaltech@magi.com

VanDam, Wim Weismiller, Michael C.
Oronite Ciba Spec Chemicals
P.O. Box 1627 540 White Plains Rd.
Richmond, CA 94802-0627 Tarrytown NY, 10591
(510) 242-1404 (914) 785-5515
(510) 242-3173 michael.weismiller@cibasc.com
wvda@chevrontexaco.com

Zalar, John
ASTM TMC
6555 Penn Ave.
Pittsburgh, PA 15206
(412) 365-1005
(412) 365-1047
jlz@astmtmc.cmu.edu
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Voting Members of HDEOCPVoting Members of HDEOCP
OEMs
– G. Shank, Mack Trucks
– D. Stehouwer, Cummins Inc.
– B. Mesfin, Detroit Diesel

Corporation
– D. Tharp, Caterpillar Inc.
– F. Bondarowicz, International

Truck and Engine Corporation
– K. Chao, John Deere
– R. T. Stockwell, GM Powertrain

Engineering Center

OEMs
– G. Shank, Mack Trucks
– D. Stehouwer, Cummins Inc.
– B. Mesfin, Detroit Diesel

Corporation
– D. Tharp, Caterpillar Inc.
– F. Bondarowicz, International

Truck and Engine Corporation
– K. Chao, John Deere
– R. T. Stockwell, GM Powertrain

Engineering Center

Oil and Additive Companies
– J. A. Mc Geehan, Chairman

(HDEOCP), ChevronTexaco
– S. Kennedy, ExxonMobil
– M. Urbanak, Shell Global

Solutions, US
– T. Cousineau, Ethyl Corporation
– W. Kleiser, Chevron Oronite

Company LLC
– L. Williams, Lubrizol Corporation
– P. Fetterman, Infineum USA

Oil and Additive Companies
– J. A. Mc Geehan, Chairman

(HDEOCP), ChevronTexaco
– S. Kennedy, ExxonMobil
– M. Urbanak, Shell Global

Solutions, US
– T. Cousineau, Ethyl Corporation
– W. Kleiser, Chevron Oronite

Company LLC
– L. Williams, Lubrizol Corporation
– P. Fetterman, Infineum USA
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The Team Membership and Task
Forces Key to API CI-4 Success
The Team Membership and Task
Forces Key to API CI-4 Success
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Integrated IR
Oxidation
Method

Joe Franklin,
PerkinElmer

Managing
PC-9

Program &
Timeline

John Zalar,
ASTM Test
Monitoring

Center

Assembling
Ballot for
ASTM D02

Tom
Franklin,
Franklin

Research &
Technical
Services

Piston
Deposits and

Oil
Consumption
Bill Kleiser,

Chevron
Oronite

Matrix Design
Don Marn,
Lubrizol

Oil Oxidation
Rich Lee,
Chevron
Oronite

Elastomers
Tom

Boschert,
Ethyl

Volatility
Cliff Venier,
Pennzoil-

Quaker State

Diesel Fuel
Pat

Fetterman,
Infineum

Low
Temperature
Pumpability
Chris May,
Imperial Oil

HDEOCP
Chairman: Jim McGeehan,

ChevronTexaco
Secretary: Jim Wells,

Southwest Research Institute

Cummins M11 Statistical
Analysis

Dennis Malandro, Infineum

Mack T-10 Statistical Analysis
Jim Rutherford, Oronite

Caterpillar 1R Statistical
Analysis

Phil Scinto, Lubrizol

Cummins M11 EGR
Warren Totten, Cummins

Mack T-10
Wim van Dam, Chevron

Oronite

Caterpillar 1R
Mike Zaiontz, PerkinElmer
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M11 EGR OIL FILTERSM11 EGR OIL FILTERS

Correction Factor Implementation

Presented By:
Jeff Clark
ASTM Test Monitoring Center
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M11 EGR Oil Filter HistoryM11 EGR Oil Filter History

PC-9 Matrix:
– Filters made without bead to maintain

pleat spacing
Post-Matrix:
– Filters made with bead

Performance differences found
between filters
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Filter Plugging Results: Oil EFilter Plugging Results: Oil E

0.868.1412Beaded

2.5411.2810Unbeaded

Std. Dev.MeanNUnits: √¯

146712Beaded

5813310Unbeaded

Std. Dev.MeanNUnits: kPa
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Filter Performance DifferencesFilter Performance Differences

Filter Plugging Performance Change
– Mean shift in mild direction
– Large decrease in variation

Concerns
– Link with CI-4 development broken
– Test loses ability to discriminate
– “Poor” oils could pass
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Corrective Action / Expected ResultsCorrective Action / Expected Results

Corrective Action
– Implement a correction factor based

upon the filter batch change
– Correction Factor: +3.15 square root

units added to oil filter plugging result
Expected Results
– Maintain integrity of CI-4
– Improved precision and discrimination
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Implementation of C.F.Implementation of C.F.

Adopted by Cummins SP effective
February 21, 2002
Notice sent to HDEOCP
M11EGR Information Letter 02-1
issued March 22, 2002
– Cleared June ASTM ballot with no

negatives or comments ATTAC
H
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Effect of C.F. on Reference TestsEffect of C.F. on Reference Tests

1.0011.465Beaded C.F.

2.5411.2810Unbeaded

Std. Dev.MeanNUnits: √¯

221325Beaded C.F.

5813310Unbeaded

Std. Dev.MeanNUnits: kPa
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M11 EGR Oil Filter SummaryM11 EGR Oil Filter Summary

Introduction of beaded filter resulted
in a change in test performance
C.F. implemented to bring test
performance back in line with PC-9
matrix
Early reference results indicate that
C.F. is impacting test as desired
– Severity back to PC-9 levels
– Improved precision  / discrimination
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The Influence of Lubricant Formulation onThe Influence of Lubricant Formulation on
Emissions from a CIDI Engine:Emissions from a CIDI Engine:
Basestock and Additive EffectsBasestock and Additive Effects

 Shawn D. Whitacre
National Renewable Energy Lab

June 4, 2002

Future Car Congress 2002
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Catalyst compatible lubricantsCatalyst compatible lubricants

2007 HD standards and Tier 2 LD standards will require
aftertreatment
Growing concern over lube oil sulfur and ash
– Potential to interfere with catalyst performance
– NOx adsorber poisoning
– Diesel particle filter plugging

APBF-DEC has established a multi-year project to quantify
lubricant effects on emissions and catalyst performance

Objective: Determine which, if any, lubricant derived
emission components are detrimental to ECS performance
or durability.
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Workgroup ParticipantsWorkgroup Participants

BP
Caterpillar
ChevronTexaco
Chevron Oronite
Ciba Specialty Chemicals
Cummins, Inc.
Equilon
Ethyl Corporation
ExxonMobil
Infineum
International

John Deere
Lubrizol
Mack
Marathon-Ashland Petroleum
Motiva
Pennzoil-Quaker State
RohMax
Shell Global Solutions
Toyota
Valvoline
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Test LaboratoryTest Laboratory

Subcontractor: Automotive Testing Laboratories
(East Liberty, OH)

Principal Investigators:
– Chris Tennant, Lisa Lanning

Team members:
– Michael Traver
– Tom McDaniel
– Brian Mace A
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Test EngineTest Engine

1999 International T444E
– 7.3L OHV V-8
– Direct injection, turbocharged w/ wastegate
– 215 hp at 2400 rpm
– 540 ft-lbs torque at 1500 rpm
– Exhaust gas recirculation (retrofit)
– Closed crankcase ventilation with filter
– Lube system capacity:  18 quarts
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Emissions MeasurementsEmissions Measurements

PM (three sample trains)
– total weight
– SOF and sulfate
– metals
– PAHs

Four mode steady-state
(OICA)

NOx

SO2

Hydrocarbons
CO

1000 1200 1400 1600 1800 2000
0

2

Engine Speed RPM

Torque ft- lb

600

400

200

10

3

11
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Test Cell LayoutTest Cell Layout

HEPA
filters

Engine

Dilution air
from cellDiluted exhaust

Dynamometer
Configuration

PM
SO2

Heated and non-
heated analyzers

To blower
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Particulate Matter Sample CollectionParticulate Matter Sample Collection

Train #1: PM mass (ATL/ORNL)
– 70 mm Pallflex ‘Emfab’ (glass fiber w/bonded PTFE)
– analysis for sulfate and soluble organic fraction

(ORNL)

Train #2: PM Metals
– 47 mm Gelman ‘Teflo’ (PTFE w/ PMP support)
– determined by x-ray fluorescence (DRI)

Train #3:  Poly-cyclic Aromatic Hydrocarbons (PAH)
– 70 mm Pallflex ‘Fiberfilm’ (glass fiber w/bonded TFE)
– Determined by GC-MS (SwRI)
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Sample Train 1&2 ConfigurationSample Train 1&2 Configuration

Secondary Dilution
Tunnel

Sample from
Primary Dilution
Tunnel

Flow Controller,
0-100 L/min

HEPA
Filter Compressor

Secondary Dilution Air

Mass Flow Controller 0-3.5
cfm (0-100L/min)

Vacuum
Pump

Mass Flow Controller
0-1.7 cfm (0-50 L/min)

47 mm Filter: Metals 70 mm Filter: PM

Solenoid ValveSolenoid Valve

Vacuum
Pump

Solenoid
Valve
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PM Sample Train 3 ConfigurationPM Sample Train 3 Configuration

HEPA Filter
Compressor

Secondary Dilution
Tunnel

Sample from
Primary
Dilution Tunnel

Flow Controller
0-100 L/min (0-3.5
scfm)

Secondary Dilution Air

Mass Flow Meter  (0-10 cfm)

70 mm Filter: PAH

Solenoid Valve

Solenoid
Valve

Vacuum
Pump
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SOSO22 Analysis - Overview Analysis - Overview

SO2 measured via impingement in aqueous
hydrogen peroxide (wet chemistry method)
– SO2 converted to SO4

Modeled after EPA methods 6, 8, 16
Post-test quantification of  SO4 concentration
using ion chromatograph yields SO2 emission
rate (exhaust flow measured)
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Additive Systems SelectedAdditive Systems Selected

Element a b c d e f g h i j k l r
Ash Level (%) 1.2 0 1.2 1.5 1.85 0.75 1.4407 1.4016 0.6 1.4 0.3 0.23 1.35
S 0 5 4950 4500 6590 2785 3246 2921 4226 2224 20 725 4454
Ca 3484 0 3950 800 4770 1820 3130 3130 1748 4128 870 415 3412
Zn 0 0 0 1900 1560 860 1319 865 0 0 0 225 1269
N 0 950 2000 1200 970 1286 1182 1137 0 1560 2235 1457 855
P 0 670 600 1700 1420 760 1201 788 0 0 0 587 1156
B 1099 0 0 300 150 60 1235 143 0 0 985 176 0
Cl 100 0 <100 200 0 126 0 0 100 18 0 60 80
Mo 0 0 0 0 170 0 0 284 0 0 0 0 0
Mg 0 0 <50 1700 0 0 277 277 0 0 0 0 0

Reference Oil Duplicate test

Additives supplied by:

Ciba, Chevron Oronite, Ethyl, Infineum, Lubrizol
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Base Oils SelectedBase Oils Selected

Group I:  Valero (Paulsboro)
– 4800-5600-ppm S, 75% saturates

Group II:  Excel (Lake Charles)
– <20-ppm S, >99% saturates

Group III: Motiva (Houston)
– <5-ppm S, >99% saturates

Group IV:  BP
– PAO (poly-alpha olefin, synthetic)
– 0 sulfur
– 5% ester for additive solubility

A
TTA

C
H

M
EN

T 6, 13 O
F 21



Material BalanceMaterial Balance

Fuel Consumption
Oil Consumption

Wear metals

Lube Oil

Fuel

PM 
Emissions

Gaseous 
Emissions

S
SO4

SO2
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Ca in PM EmissionsCa in PM Emissions

Metal Emissions
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x=y

•Ca emissions directly correlated
with concentration in oil

•No apparent composition effects

•46% recovery rate
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Zn in PM EmissionsZn in PM Emissions

Metal Emissions
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x=y

•Zn emissions directly correlated
with concentration in oil

•Possible composition effects

•43% recovery rate
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P in PM EmissionsP in PM Emissions

Metal Emissions
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•P emissions directly correlated with
concentration in oil

•Oil C significantly deviates

•90% recovery rate (excl. Oil C)
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Sulfur in EmissionsSulfur in Emissions

Sulfur Emissions 7.6
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•S emissions directly correlated with
concentration in oil

•Oil I significantly deviates

•113% recovery rate (excl. Oil I)
– uncertainty in fuel S level
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Base Oil and Additive EffectsBase Oil and Additive Effects
on SOon SO22 Emissions Emissions

4-Mode OICA Weighted 0.017

0.000

0.001

0.002

0.003

0.004

0.005

0.006

I II III IV I II III IV II III IV I II III IV I II III IV I II III IV II II II II II II II II
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*Pre-aging.  
**Post-aging.  
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SummarySummary

Preliminary results show the effects of oil composition on
selected emissions, including metals and sulfur

Results indicate that emissions from certain formulations
deviate from those using more traditional chemistry

Data from all additive/basestock combinations are currently
being analyzed and will be reported in late summer.

Phase II will focus on development of a rapid catalyst aging
protocol to determine lubricant effects on durability
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1API Lubricants Committee
May 23, 2002

PC 10 Discussion

Introduction of Low Sulfur Fuel and PC 10 Oils
June 2006

  Required Test to Industry June 2004 ?
Matrix Testing Start Jan. 2005

Finish Matrix Testing June 2005
Test Accepted by ASTM & ACC 6/2005

No B Ballot on Limits

  June 17, 2002
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2API Lubricants Committee
May 23, 2002

• Projected Timeline for PC-10

• Category will be very challenging; development process
needs to begin soon

Heavy-Duty Engine Oils

NCET
Formation

New Test
Development

Matrix
Testing

Limits
Accepted

‘07 Engine
Launch

Initial API
Licensing

2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q

2005 20062002 2003 2004

6/17/02
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3API Lubricants Committee
May 23, 2002

Active API HD Categories
Any Modifications Required or Desired?
Category Application Tests with Potential Issues
CF 4-cycle IDI 1M-PC (Severity Shift)

CF-2 2-cycle 1M-PC (Severity Shift)
6V-92TA (Availability)

CF-4 4-cycle DI (1991) Alternates in Place

CG-4 4-cycle DI (1994) Alternates in Place

CH-4 4-cycle DI (1998) Mack T-9 (Economic Viability)
Cummins M11-HST (Economic Viability)
Caterpillar 1P (Economic Viability)

CI-4 (9/02) 4-cycle DI w/EGR None
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Fluid technologies for a better world™

Heavy Duty Engine Oil
Classification Panel

Queen Elizabeth Hotel
Montreal
June 18, 2002
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Fluid technologies for a better world™

CH-4 Performance

Based on CI-4 Tests
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EGR Backward Compatibility
Mack T9 / T10 Comparison
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EGR Backward Compatibility
Mack T9 / T10 Results as Percentage of Limits
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EGR Backward Compatibility
Cummins M11 / M11 EGR Comparison
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EGR Backward Compatibility
Cummins M11 / M11 EGR Results as Percentage of Limits
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EGR Backward Compatibility
Mack T9 / T10 Comparison
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EGR Backward Compatibility
Mack T9 / T10 Results as Percentage of Limits
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EGR Backward Compatibility
Cummins M11 HST / M11 EGR Comparison
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EGR Backward Compatibility
Cummins M11 / M11EGR Results as Percentage of Limits
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EGR Backward Compatibility
CH-4 as a Percentage of CI-4 Limit
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EGR Backward Compatibility
• Performance observed in the new EGR tests is

more severe than their non-EGR predecessors

• Lubrizol offers the following for consideration
– “The Mack T-10 and Cummins M11-EGR tests

may be used to qualify oils for API CH-4 using
relaxed limits that recognize the increased severity
of CI-4 tests compared to the T-9 and M11 HST
tests used to define CH-4.

CH-4 Limits proposal follows: ATTAC
H
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EN

T  8, 12 O
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