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MEETING MINUTES

HEAVY-DUTY ENGINE OIL CLASSIFICATION PANEL
OF
D02.B0.02
February 23, 2000
Holiday Inn — O’Hare International Hotel, Rosemont, IL

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 BAR HARBOR DRIVE, WEST CONSHOHOCKEN, PA 19428-2959.

ACTION ITEMS

1. Resolve oxidation test issues - EMA; Oxidation Task Force
2. Develop repeatability and discrimination data - EGR tests Task Forces
3. Resolve matrix base oil issues - Somebody

4, Send EOT oil samples to Chris May - Anybody with 5% soot samples

MINUTES
1.0 Callto Order
1.1  Chairman McGeehan called the meeting to order at 7:37 AM on February
23, 2000 in the Holiday Inn O’Hare International Hotel of Rosemont, IL.
There were 12 members or representatives present and approximately 35
guests. The attendance list is Attachment 2.
2.0 Agenda
2.1 The agenda for the meeting (Attachment 1) was reviewed and the status
reports on the EGR tests were moved ahead of the Oxidation Task Force
report.

3.0 Meeting Minutes

3.1  The minutes of the December 7, 1999, meeting were approved as posted
on the TMC'’s website.

4.0 Membership
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5.0

6.0

7.0

4.1

There were no membership changes. Frank Bondarowicz held a proxy for
Danny Larkin for any votes at this meeting.

EGR Test Development Status

5.1

5.2

5.3

Greg Shank gave an update on the T-10 status and indicated they had
delivered 8 engines. He presented some severity and discrimination data
from the test (Attachment 3) and hoped to have sufficient data by April to
be ready for matrix testing. He urged that T-10 EOT oil samples be sent
to Joe Franklin at Perkin-Elmer for task force analysis procedure
development.

Dave Nycz reported for Mike Quinn on the 1Q status (see Attachment 4).
CAT currently has a second test in progress on a commercial CH-4 oil.
Dave indicated EGR Kkits were being shipped to the labs and then raised
the issue about what oils should be run when other stands become
available. Dave wants to see more data on oil 1005 because he said he
was looking for better performance than 1005. Brian Lawrence felt 1005
might not be appropriate to discriminate against and after some
discussion, Dave indicated that perhaps they were not looking for
discrimination as much as “no worse performance”. Somewhere in this
discussion the emerging importance of undercrown deposits was brought
up. Teri Croshy then called everyone’s attention to the fact that the test
must show discrimination to be accepted and the discussion concluded
with the note that “more data are needed”.

Shawn Whitacre reported for John Graham on the M-11 EGR status (see
Attachment 5). No data were available yet.

PC-9 Timeline

6.1

Brent Shoffner presented an update on the PC-9 Timeline (Attachment 6)
and indicated he felt the “API License date” would slip to later than May of
2002. He also expressed great concern that lab visits for the new tests
had been postponed.

Oxidation Test

7.1

Rich Lee gave the Oxidation Task Force report (Attachment 7) indicating
they had met three times and considered numerous suggestions for
evaluating an oil's ability to cope with oxidation. They currently propose
using the 1Q for thin film oxidation effects; the T-10 / CBT for bearing
corrosion oxidation effects; the 3F (standard length) for bulk oil viscosity
increase oxidation effects.



HDEOCP Minutes 2-23-00 Page 3 of 4

8.0

9.0

7.2

7.3

7.4

7.5

Greg Shank, speaking for the EMA on oxidation, indicated they felt
heading toward use of the 3F is unwise at this time. They still favor using
the JDQ-78A test for oxidation.

Chairman McGeehan asked the Oxidation Task Force to continue to
gather data and report at the next HDEOCP meeting.

Charlie Passut asked for JDQ-78A piston deposit data to be posted on the
TMC website. Ken Chao is to pursue this and see if Deere can provide
the data. Charlie then suggested that perhaps the JDQ-78A could be
used for both bulk oil oxidation and aluminum piston deposits and thus
eliminate the 1N test from inclusion in PC-9.

Jim Wells reported for Robert Stockwell that the JDQ-78A Task Force has
met once and are working on putting the test procedure into ASTM format.
They have also reviewed the CMA template guidelines and have a
number of other areas to address along with the procedure.

Elastomers

8.1

Tom Boschert presented the Elastomer Task Force report (Attachment 8).
Essentially, they are recommending the GF-3 approach to compatibility
wherein a heavy duty engine oil would be selected which is deemed the
most aggressive toward the selected elastomers that is acceptable. Then,
any new heavy duty engine oil would have to be equal to or less
aggressive than the reference oil and any new elastomer would have to be
compatible with the reference oil.

Matrix Base Oils

9.1

9.2

Ralph Cherrillo reported for the Base Oil Task Force (see Attachment 9).
They eventually came up with three options to present to the API
Lubricants Committee. Option 1 would be to use a group 1, a group 2 and
a group 2+ as the three base oils. Option 2 would be to use a group 1, a
mixture of the group 1 and a group 2 to end up with a mix that would
qualify as group 2 with 92% saturates and then another group 2. Option 3
would be to use a group 1 and two group 2’s which are very close together
in viscosity index and saturate level.

There was some concern raised from the floor that trying to mix group 1
and group 2 stocks to get the desired properties would confound the
blending of the finished lubricant. Concerns were also expressed about
volatility with the blend approach and that maybe the matrices should be
run with just two base oils.

10.0 LOTRUO
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10.1 Chris May presented a report from the Low Temperature Rheology of
Used Oil Task Force (Attachment 10). He indicated they desperately
need 1 gallon samples of end of test oils, quickly, so they can proceed
with test selection and development. They would like to get reference oils
with around 5% soot in them.

11.0 Sequence Ill E Parts Supply

11.1 Brent Shoffner reported that the 3E parts will run out in May. API and the
PCMOCP will pursue replacement tests.

12.0 1K/1IN
12.1 The EMA do not want the 1K test included in PC-9 and indicated the 1N
limits could change for PC-9. There was considerable discussion on this
issue, with no resolution.

13.0 Adjournment

13.1 The meeting was adjourned at 11:37 AM on February 23, 2000. The next
meeting is scheduled for April 26, 2000, at this same venue.

Submitted by:
Jim Wells
Secretary to the HDEOCP



ATTACHMENT 1

FEBRUARY 23, 2000

Holiday Inn O’Hare International
5440 North River Road

Rosemont IL (Tel. #847-671-6350)

7:30-12:00 Noon

Chairman/Secretary: Jim McGeehan/Jim Wells
Topic: PC-9
Desired Outcome: e Select Oil Oxidation Test

o Select Seal Test
e Matrix base oil recommendation

e Time Line To meet Introduction Date

TOPIC PROCESS WHO TIME
Agenda « Review Agenda & Desired Outcome Group 7:30-7:45
+ Add/Chance
Minutes e December 1999 Minutes Group 7:45-8:00
Approval
Qil Oxidation + QOil Oxidation Task Force Report Rich Lee 8:00-9:30
e John Deere Task Force Report Robert Stockwell
* Recommendations
» Discussion and vote
Seal Test e Task Force Report Tom Boschert 9:30-10:00
» Discussion

Recommendations

Matrix Base Oils e Matrix Base Oils Recommendations Ralph Cherrillo 10:00-10-30
Status of EGR tests « Mack T-10 Greg Shank 10:30-11:15
e CatlQ Mike Quinn
*+  Cummins M-11 John Graham
Oil Pumpability »  Status: samples from EGR engines Chris May 11:15-11:30
Timing line e Status Brent Shoffner 11:30-11:45

Samples from EGR engines

111E Test Parts

Part supply status Brent Shoffner 11:45-11:50

Room Cost

Collect money for room and coffee Group 11:50-12:00
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ASTM

SECTION D.02.B0.02
HEAVY DUTY ENGINE OIL CLASSIFICATION PANEL

MEMBERS

ATTENDANCE LIST
FEBRUARY 23, 2000

Phone No. INITIAL ROOM
Fax No. WHEN FEE
e-mail add. PRESENT

Frank Bondarowicz

Navistar International Transportation Corp.
10400 West North Avenue Dept. 555
Melrose Park, IL 60160

Tom Bowen

Dept. of the Army

Mobility Tech. Center Belvoir
10115 Gridley Rd., Suite 128
Al-i-N: AMSTA-RBF

Ft. Belvoir, VA 22060-5843

William A. Buscher Jr.

Texaco Global Products
P.O. Box 112

Hopewell Jct., NY 12533

John P. Graham
Cummins Engine Co.
MC 50183

P.O. Box 3005
Columbus, IN 47202

Aimin Huang

Equilon Enterprises LLC
333 Highway 6 South
Houston, TX 77082

Steve Kennedy
Mobil Technology Co.
Billingsport Road
Paulsboro, NJ 08066

Dan Larkin

Detroit Diesel Corp.
13400 W. Outer Dr., K15
Detroit, Ml 48239-4001

Brian J. Lawrence

INFINEUM

4335 Piedras Dr., West Suite 101
San Antonio, TX 78228

Rich Lee

Chevron Research and Technology Co.
100 Chevron Way

Richmond, CA 94802

(708) 865-4030 ; 5 v

(708) 865-4229
frank.bondarowicz@navistar.com

(703) 704-1 827
(703) 704-1 822

(914) 897-8069
(914) 897-8069

buschwa@aol.com ;W i;

Chand D .
Wil (TACEE

(812) 377-6569
(812) 377-7808
j-p.graham@ctc.cummins.com

A Qe 4

(609) 224-2432
(609) 224-3678 ,/
steven.kennedyv@email. mobil.com

(281) 544-8972
(281) 544-8150

ahuang@equilon.com

(313) 592-5730
(313) 592-5952
danny.larkin@detroitdiesel.com
(210) 732-8123

(210) 732-8480

brian.lawrence@infineum.com '

(510) 242-2988 / Q v
(510) 242-3173 1) o

rhle@chevron.com /
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ATTENDANCE LIST

FEBRUARY 23, 2000

MEMBERS
Phone No. INITIAL ROOM
Fax No. WHEN FEE
e-mail add. PRESENT

CHAIRMAN

Jim McGeehan

Chevron Global Lubricants
100 Chevron Way
Richmond, CA 94802

Bob Olree

GM Power-train Engineering Center
Mail Code 480-734-801

General Motors Corporation

30003 Van Dyke

Warren, M|l 48090-9060

Charles Passut

Ethyl Corporation

500 E. Spring Street

P.O. Box 2158

Richmond, VA 23217-2158

Michael J. Quinn

Caterpillar Inc.
~RPEPB-MOS+5
R-O0-Bex-660
~Mossvilte 1 61552-0600--

Peoria , IL

Greg Shank

Mack Trucks, Inc.

13302 Pennsylvania Avenue
Hagerstown, MD 21742-2693

SECRETARY, NON-VOTING
Jim Wells

Southwest Research Institute
6220 Culebra Road

P.O. Drawer 28510

San Antonio, TX 78228-0510

Lewis Williams

The Lubrizol Corporation
29400 Lakeland Blvd.
Wickliffe, Ohio 44092

Bocmr gw‘f_p\xa@_

?emmvuéwv&(z. Rironmoeiut éég@M,cu
S0t bepprae (oo

San AvTord, TIEAS 187 158

501 . W. Teflersor Ave.

(300)-578-6457
61630-217Z quinn.michael.j@cat.com

(510) 242-2268
(510) 242-3758

jiam@chevron.com

e

(810) 492-2268
(810) 575-2732
robert.olree@gm.com

C AR

David S- :V/cz. (or MT. Quinn
nyez _david- s@cat.com |/

309-4Y94-4053

(804) 788-6372
(804) 788-6388
charlie_passut@ethyl.com

4300)y-578-6142
309-675 1595 {;,(

(301) 790-5817 /
(301) 790-5815 ¥ O /’
greg.shank@macktrucks.com /’L /ff v//’/ ,%

V

g@ v

(210) 522-5918
(210) 523-6919
jwells@swri.edu

(440) 943-1200 ext 1111l
(440) 943-9244
lawm@Ilubrizol.com

pi L.f=
(20) 6w 5457 w g
/2;03 Ci22 4607
brewt,_cy[nog&er@ Pe»ﬁ?&me\. YR Lo vt
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ASTM

SECTION D.02.B0.02

HEAVY DUTY ENGINE OIL CLASSIFICATION PANEL

ATTENDANCE LIST
FEBRUARY 23, 2000

MAILING LIST
Phone No. INITIAL ROOM
Fax No. WHEN FEE
e-mail add. PRESENT//

A. H. Birke

Equilon Enterprises, LLC
Westhollow Technology Center
3333 Highway 6, South
Houston, TX 77082-3101

Tom Boschert

Ethyl Corporation

2000 Town Center, Suite 1750
Southfield, MI 48075-1 150

Ron Buck

Test Engineering Inc.
12718 Cimarron Path
San Antonio, TX 78249

Don Burnett

Phillips Chemical Co.
B92 AB

Bartlesville. OK 74004

David Chasan

CIBA Additives

540 White Plains Road
P.O. Box 2005
Tarrytown, NY 10502

Gil Clark

Specified Fuels & Chemicals Inc.
7 W. Square Lake Road, #106
Bloomfield Hills, Ml 48302

David Colbourne

Shell Research Ltd.

P.O. Box 1

Chester, England CH1 3SH

Vicky Denton

F&L Asia Publications, Inc.
POBox 151 Ayala Alabang Village
Post Office 1780

Muntinlupa City, Philippines

Bill Gaw

Conoco

P.O. Box 1267

Ponca City, OK 74602

(28 1) 544-7638 MW@ /
(281) 544-6196

ahbirke@equilon.com

(248) 350-0640 -7 /
(248) 350-0025 & e
tom_boschert@ethyl.com
(210) 877-0221 0
(210) 690-1959 6//4 ﬂ(/ /IF TZ
rbuck@testeng.com ﬁ,;u, WBM . k
(918) 661-7601
(918) 661-8379 Ded
deburne@ppco.com

4 /

D. Ussr

e
/
¢

david.chasan@cibasc.com

(248) 452-5259 ﬁi w, ,/
(248) 333-7999

gclark@americenters.com

44 (0) 151 373 5612
44 (0) 151 3735475
david.d.colbourne@opc.shell.com

(632) 809-4665
(632) 807-5490
flasia@l-manilla.com.ph

(580) 767-5203 /{/Jl \/
(580) 767-4534

bill.gaw@usa.conoco.com
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HEAVY DUTY ENGINE OIL CLASSIFICATION PANEL

MAILING LIST

ATTENDANCE LIST
FEBRUARY 23, 2000

Phone No.
Fax No.
e-mail add.

PRESENT

ROOM
FEE

Fred W. Girshick
INFINEUM

1600 E. Linden Ave.
Linden, NJ 07036

Redescal Gomez

PDVSA Intevep

APDO 76345

Caracas, 1070A Venezuela

Steven Herzog

RohMax USA, inc.

723 Electronic Drive
Horsham, PA 19044-2228

Norbert Nann

Nann Consultants Inc.

59 Edgehill Drive
Wappinger Falls, NY 12590

T. A. Olszewski
Exxon Company USA
800 Bell Street
Houston, TX 77252

Dick Patrick

Citgo Petroleum Corporation
P.O. Box 3758

Tulsa, OK 74102

Steven Pearse

Castrol Technology Centre
Whitchurch Hill
Pangbourne Reading

Berkshire, England RG8 7QR

Jack Peckham

Lubricants World

4545 Post Oak Place, #210
Houston, TX 77027

William E. Place
Oronite

30150 Telegraph Rd., Suite 416

Bingham Farms, MI 48025

(908) 474-3247
(908) 474-2085)

(582) 908-6754
(582) 908-7723
gomezriv@pdvsa.com

(215) 706-5817
(215) 706-5801
s_herzog@rohmax.com

(914) 297-4333
(914) 297 4334
norbnannl@aol.com

(713) 656-4398
(713) 656-5301

tom.a.olszewski@exxon.com

(918) 495-5937
(918) 495-5912
rpatrit @citgo.com

44 (0) 118 976 5459

steven_pearse@burmahcastrol.com

((713) 993-9320
jpeckham@phillips.com
(248) 540-3277

(248) 540-3279
wepl@chevron.com
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HEAVY DUTY ENGINE OIL CLASSIFICATION PANEL

MAILING LIST

ATTENDANCE LIST
FEBRUARY 23, 2000

Phone No.
Fax No.
e-mail add.

INITIAL ROOM
WHEN FEE
PRESENT

William A. Runkle Jr.
Valvoline Company

LA 3 South

P.O. Box 14000

Lexington, KY 40512-4000

Jerry Schaus
AutoResearch Labs., Inc.
6735 S. Old Harlem Ave.
Chicago, IL 60638

Mark Sutherland

Ethyl Corporation

9901 IH10 West, Suite 800
San Antonio, TX 78230

Steven R. Tarbox

76 Lubricants Company
1920 E. Deere Avenue
Santa Ana, CA 92705

Richard Tucker

Shell International Petroleum Co.
P.O. Box 1380

Houston, TX 77251-1 380

Cliff Venier

Pennzoil-Quaker State

P.O. Box 7569

The Woodlands, TX 77381-2539

Andre Vidal

Total Raffinage Distribution

Cedex 47

92069 Paris La Defense. FRANCE

Mark Wakem

Shell Research Ltd.

P.O. Box 1

Chester, England CH1 3SH

(606) 357-7686
(606) 357-3343
wrunkle@ashland.com

(708) 563-4257
(708) 563-0087

/4/%/‘/\/

schaus.ali@cwixmail.com

(210) 558-2818
(210) 696-4029

mark-sutherland@ethyl.com

(714) 428-7400
(714) 428-7498
starbox@tosco.com

(281) 544-8354
(281) 544-6196

(281) 363-8060

(281) 363-B4F8~% D OLL.
cliffordvenier@pzigs.com

33 (1) 41 35 2482
33 (1) 41 35 8561

44 (0) 151 373 5779
44 (0) 151 373 5475

/ég oS3 /f‘ié?}%{yé)

S ST

mark.p.wakem@opc.shell.com
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HEAVY DUTY ENGINE OIL CLASSIFICATION PANEL

ATTENDANCE LIST

FEBRUARY 23, 2000

GUESTS
Phone No. ROOM
Fax No. FEE
e-mail add.

Name: CcHRIS M#~AY S~ 2/30 — g(?_:?_ L/

Company:___ TmPcKIAC Olv I RTEICN

Address:____“4+S 2 QHK\SHMP\ ST S,

Claois . ; Mg;é & 2338, Com,

SARNIA , ONT. A’N@A’
NFTY RC

v

MQ ‘E M&‘a Gonocs, Come

Name: 586-7 Q 1- 4&1 2
Company: Conote 5307
Address:___P.0 .« Boy 1247

[4 7 2-1247
Name:___icevsn Red UER 20 428 5073

Company:_ B PAemecp

v

%3¢ ¢ 7974

Address:__ <o 1), Warvein Wi

@ v*m-\\'\_‘rkﬁ@ lgp L LTV

Name: __ Pat_ FETTARRMAN

(4o8) 434-3%0%9 N

Company:_Tnginigyy (SR [P

414-3 13
PAL FETTR RA TAFUMED Mo COM.

Address: £D. fox £33

L IV0Fd M3 OJFO3IC

Name: _ SHAWN D. WWITACE (Bi2) 377 - %42 %
Company: C\){gmwﬁ e~ GIWE D . &gz; 277 7808
Address: 40 A MC: SAE S

Coww\m% , W 4770] S D WAITACIE B CTC . Comeane - Cort
Name: D # Srfposcstd g 3/-528-95¢ ¢ /

Company:_Feege 6 vRrad [~C

93/~3722~9879 FAA

PIsFEHE B A(CD) FLEET6oRrD .,

Address:_ Box & &S/
Cesefc2ucccd, TN 2555 ¢
Name:__ & flbzmerto (7ef Vbass 7405

Company:_7¢> £2¢ b+ ceoelrS Con,

L PIaes By

Frza 7 U =7 laamete@) 705 CO. (o

Address: WW) MNP
L < )/, 2 016?705

Name:

Company:

Address:
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ATTENDANCE LIST
FEBRUARY 23, 2000

GUESTS
Phone No. ROOM
Fax No. FEE
e-mail add.
Name: H. Cave. (9/5) 292 A
c::.:eﬁy%&"%,ér = (2/5) 292 -4‘%#L /
Address:__Hpg #? Boy 82 kvdrt @ w gdg!nei, att, nc‘t'
Pel o, T 78840
Name:__ Jexi (Ros@Y Sip 242 5563
Company:_Oron; e, 510 242 (930 /
Address: O-(Q/0 Tacr®cheunm .corm
Oc
Name: <2H~N ZAZAR Y1 ~ _365—,\ ey (/
Company:_AS v TH41C S —ZCE — /047
Address:_ G SYS (AnM AVE . JLE @ TMC.ASTA (R« ClU. EDU
LIty RUeGH  PA_ ISpoe _
Name: Dicic Lrtr o234 24 ¢ 23S0 -06%7 /
Company:_EZ7 /4y ¢ (POrLORAT7 AL 2 T AACT LY 0
Address: 7 = & /28
—SOUTIELD ) (LT  LfOZS DI K Mot b70) (@ ETHIL . COL7
Name:___/MALCOLmM . JI1LSON Pl S0 -2H2129% -~
Company:_CHEVRCN GLUBAL ULUBRICANTS % 510 ~aHd23D8
Address: /00 CHEURON WWY mMAWY © C FEIRON .CIV|
Rictmon D . CALIE AP0 S~
Name: Zgéﬂi T;g prren S =292 Y 7Y
Company:__ghe vvn Flpind Lafr 5 v
Address:__/y Syt Woem,
L pvrnd A/
Name: ffé/@l‘( T L P48 C 2975 23-AZ57 ¢ L/
Company:__ £ /T ¢ T 7L 0 | v 2% L2z -Au S
Address: Y THOEELTL R YD CT 26 P45 _ -
Name: >(}<
Company:__ </ 70C-¢ ; Efpofe s, % GrE — %%J‘? 73 /? L
Address:___ 00 /Zrn DR CSE oy Gro 25 <o z2S

T ose DAk =il io '__AL_%@WN/_Z @ oifow. com
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ATTENDANCE LIST

FEBRUARY 23, 2000

GUESTS
Phone No. ROOM
Fax No. FEE
-, e-mail add.
Name:__L7 7 tC CaC 202-¢ B2 ~782
Company:_4 £ L _ __Sas7 v
Address:_/>2 O L S/~ f700/ clodKd@ap). ofg
(lhs Q//o}zz/'?;)w. Dﬁ 20285 Y /"
Name: Tohin  Coumpbel| € 30-F6(- TS "
Company:___ 3¢ Ameco 76¢(C
Address: (So__barewuifle R ‘
narvile , T, £0SG3 CAamPRET 4&8 @Ap.com
Name:_~Sase.  Douden
Company:__ o4 Tech aclocas  Tac, Yypn -~ 35 Feo o
Address:_ Do Box sz3¢ Yo - 35t - Fogo
Mante, U SY (- 5E3T J’h boncian éQ ohLeh  conn

Name: ggmn /7/ G

company:__J—wys/ ‘uad/ Hesopd

2y -3 57 -9//(23
lirvy 3S7 7320 v

Address:__ 2 ¢ /B 2170 ¢

7972/

/aca/fg,ue@ Qf?’"jz Ce

[op Ton £e =R Leg
Name:

3/ - 272- 5457 /

Kewwern (uaz
Company:

= /7 — 272 — SZt]

Address:_2 ). Lox Soop

Chaphemmett IR T-DCORP. DEERE . co27)

aatersn  Town S 0704-8022

Name:

Company:

Address:

Name:

Company:

Address:

Name:

Company:
Address:
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T10 vs T9 Severity

EOT Liner Wear (um)
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T9 vs T10 Test Severity

Pb  ppm
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Liner Wear (um)

T 10 EGR Test
Discrimination
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EOT Pb (ppm)
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T 10 EGR Test
Discrimination

EOT Delta TAN
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Fe

1Q Test Update
for
PC-9

Pre-1Q test summary
1Q results with EGR
1Q EGR hardware

. ASTM Matrix status

> W e
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1Q Test Update for PC-9

 Pre-1Q Test Observations
» TMC1005 produced low variability for TGC

and WDP.

» TLC absolute values are lower than the 1P.

» Two of the commercial CF
Improved performance in |

-4 olls showed
"GC.

» OIl consumption is flat or decreasing on
most of the runs, even with the longer 500

hour test.

DS Nycz Caterpillar Inc.
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~ 1Q Test Update for PC-9

 Pre-1Q Test Results

Piston Deposits Oil Cons. g/hr Soot

Test Lab Oill Type | TLC% TGC% WDP | 36 hrs 504 hrs |[TGA-% Fe Cr  Cu Pb
EG&G TMC 1005 15 25 298 8.5 6 0.8 145 16 | 18 | 3
ALI TMC 1005 2 31 288 10 8.2 0.3 40 O 5 0
Mobil #1 TMC 1005| 21 38 306 13.4 8.7 0.6 17 1 13 2
Cat TSD TMC 1005| 31 31 293 12.4 12.2 0.5 42 1 | 154 5
Mobil #2 TMC 1005| 22 27 304 11 5.7 0.6 52 6 8 6
Pre-1Q Mean TMC 1005( 18 30 298 11.1 8.2 0.6 38 2 3
PC-7 Matrix  TMC 1005 30.9 28.7 285.3

CH-4-X 12 33 428 11.7 8.7 6.9 270 2 3 4

CH-4-X 19 36 460 11.4 12.4 0.7 43 17 5

CH-4-Y 10 23 298 6.7 6.8 0.1 25 24 | 5

CH-4-Z 12 27 367 8.3 7.3 0.4 62 6 8 2

February 2000

Confidential and Proprietary Information

Page 3

DS Nycz Caterpillar Inc.
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1Q Test Update for PC-9

e 10Q Test Observations

» Pre-1Q conversion to an EGR test
— Steady state operation at 14% EGR
— Timing advanced from 6° to 13° BTC

— Exhaust back pressure used instead of venturi
to ingest exhaust gasses

» 1Q piston deposits with EGR are higher
and directionally similar to 3406E EGR
piston deposits

» 1Q olil condition is directionally similar to
3406E EGR piston deposits

February 2000

Confidential and Proprietary Information DS NyCZ Caterpl I Iar I nC

Page 4
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1Q Test Update for PC-9

e 1Q Test Results

Piston Deposits Oil Cons. g/hr Soot
Test Lab Oil Type | TLC % TGC % WDP | 36 hrs 504 hrs [TGA-% Fe Cr Cu
EG&G TMC 1005 15 25 298 8.5 6 0.8 145 16 | 18
ALl TMC 1005 2 31 288 10 8.2 0.3 40 | O 5
Mobil #1 TMC 1005 21 38 306 13.4 8.7 0.6 17 1 13
Cat TSD TMC 1005| 31 31 293 12.4 12.2 0.5 42 1 | 154
Mobil #2 TMC 1005| 22 27 304 11 5.7 0.6 52 6 8
Pre-1Q Mean TMC 1005( 18 30 298 11.1 8.2 0.6 38 2
1Q (EGR) TMC 1005| 36.0 31.0 388.0 12.0 14.0 1.6 74.0 7.0 21.0
3406E EGR CH-4 ~50 ~60 1.6 86 13 114
98 3406E CH-4 15 45 193

February 2000

Confidential and Proprietary Information

Page 5

DS Nycz Caterpillar Inc.
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1Q Test Update for PC-9

e 1Q Test Results

» The Cat 1Q SCOTE is completing a
second EGR run with a commercial CH-4.
— Predicted end of test is February 23

— Soot and wear metals slightly higher than
previous run with 1005

— OIl consumption steady, and similar to 1005

February 2000

Confidential and Proprietary Information DS NyCZ Caterpl I Iar I nC

Page 6
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1Q Test Update for PC-9

 1Q EGR Hardware

» The 1Q test is ready for matrix testing .

— EGR hardware for the matrix engines has
arrived and the test labs are currently installing
these components.

— Sufficient quantities of pistons and rings are
available through the Cat parts system.

— Additional spare EGR coolers will be available
by mid March.

February 2000

Confidential and Proprietary Information DS NyCZ Caterpl I Iar I nC

Page 7
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1Q Test Update for PC-9

Fe

e 1Q ASTM Matrix

» Matrix test stands should be ready for
Initial testing by March 9.

» Baseline runs with TMC 1005 could be
Initiated, based on ASTM HDEOCP
approval.

» The ASTM HDEOCP should formulate a
policy on Non-matrix testing, if delays are
encountered In the selection and
procurement of PC-9 reference olls.

Confidential and Proprietary Information DS NyCZ Caterpl I Iar I nC
P
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2/24/00

M11-EGR Taskforce
Report to
HDEOCP

February 23, 2000

J P Graham



M11-EGR Test Objectives

« Evaluate Heavy Duty Engine Oils Ability to
Control Wear, Deposits & Filter Plugging
— ldentify & Rate Lubricant Related EGR Risks
— Design Test for Precision
— Minimum Test Duration

e Build on M11-HST EXxperience

— Simple Test Cycle
— Non-Condensing Conditions

 Provide Olls that Maintain Customer
Satisfaction with Engine Durability & Service
Intervals

2/24/00 J P Graham
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Phase |1l M11 EGR Hardware Status

« M11 EGR Oil Test Engines Running or Ready
to Run at Cummins, ETS, SWRI, EG&G,
Lubrizol & Ethyl

* Eleven EGR Conversion Kits Delivered
« All Special Components Available off the shelf
e Parts to Build Ten EGR Engines In-Stock

2/24/00 J P Graham
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Engine Control

* Developed Engine Control Software meeting
requirements for control to test specifications.

* Validated Soot Target of 9% Through Field
Testing.

2/24/00 J P Graham
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Phase |1l M11-EGR Test Conditions

e Soot Loading Phase 50 hr at 330 hp
o Target 9% TGA Soot at 250 hr
« 17% EGR

« High Load Cycle 50 hr at 430 hp
« 10% EGR

e Repeat Soot & High Load Phases 3X
o 240 F Oll Rifle Temperature
e 150 F Coolant Out
e 150 F Inlet Air Temperature

e Test Duration 300 hr

2/24/00 J P Graham
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Test Validation Plan

* Test Procedure Ready for Validation Testing

 Conduct Tests on Three Oils at Each Lab
— TMC 1005
— PC-9 Prototype A
— PC-9 Prototype B

e Matrix Ready May 2000

2/24/00 J P Graham

9 40 9 39Vd ‘S INTJANHOVLLY
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PC-9 Timeline Notes

Brent Shoffner 2/23/2000

The T-10 timeline published in late November is on schedule.

The 1Q Survelllance Panel updated the 1Q timeline at a meeting on
January 12, 2000.

After discussions with John Graham of Cummins on 2/17/00, the
M11 EGR timeline has been updated.

The individua test timelines are linked to the Summary PC-9
Timeline by two dates:

» Test procedures adequate for oil development

v 1Q 03/01/00
v M11EGR 02/18/00
v T-10 12/06/99

» HDEOCP accepts the 1Q — 6/1/00.

- When the decision is made on an engine test for oxidation, the test
will be added to PC-9 timing.

Precision Matrix oil definition, blending, and shipping dates are based
on a letter dated 1/7/00 from the NCDT PC-9 Matrix Oil Selection
Criteria Task Force.

The “License dlowed date” has dipped dightly to 3/27/2002.

Based on my experience with the current ASTM system, the “API
License Date”’ will be later than May 2002.


Jim Wells
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Time Line for the 1Q Test

Brent Shoffner - 1/14/2000

2000

ID | Task Name Start Finish Ot | Nov [ Dec Jan Feb Mar [ May

! |Design EGR Hardware 03/01/99| 11/30/99

2 |Produce and ship test kits to labs 12/01/99| 02/01/00

3 | Specify Installation/Prelim. Procedure 12/01/99| 01/12/00 R

4 |Install test kit 02/02/00| 03/01/00 e

> |Write final procedure 03/01/99| 03/31/00

¢ |Develop EGR rate measurement 03/01/99| 01/12/00 |

7 |Lab Visits 05/01/00| 06/01/00 ——
® | Discrimination Matrix Design Complete | 01/29/99| 03/02/00 | s m

® |Discr. Oils Available at the labs 02/15/00| 03/15/00 h

9 1 Run Discrimination Tests 03/02/00| 05/01/00 '-

11| Data Analysis 05/02/00| 05/15/00

12 |HDEOCP Approves Proof of Concept* | 05/16/00| 06/01/00 "

* Contingent on HDEOCP Meeting Date
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Time Line for the M11 EGR Test

Brent Shoffner - 02/17/00

ID Task Name

Start

Finish

2000

Oct | Nov | Dec

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug |Sep | Oct

1 |Initial Kits/Parts Available 04/21/99 | 04/21/99

> | Develop Procedure 04/22/99| 11/16/99 e

® |Procedure Available 11/17/99| 11/17/99 .

4 |Lab Visits for Precision Matrix 04/03/00| 04/18/00 e

> |Procedure Adequate 02/18/00| 02/18/00 L=

® |Run Preliminary Tests & Report Data** | 02/21/00| 04/14/00 H

’ |Data Analysis 04/17/00 | 04/28/00 e
8 |HDEOCP Approves Proof of Concept* | 05/01/00| 05/01/00 x

* Contingent on HDEOCP Meeting Date
** Will include TMC 1005-1
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Time Line for the T-10 Test

Brent Shoffner - 02/18/00

ID Task Name

Start

Finish

2000

Oct | Nov | Dec

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug

! | Final Kits/Parts Available (1 per lab) 07/14/99| 08/24/99

2 |Install engines and run shakedown 08/25/99 | 11/15/99 e

3| Procedure Available 11/16/99] 11/16/99| e

* |Lab Visits for Precision Matrix 04/03/00| 04/18/00 s
> | Procedure Adequate 12/06/99 | 12/06/99 *

® |Run Preliminary Tests & Report Data** | 01/03/00| 03/03/00 ‘—iq

’ |Data Analysis 03/06/00 | 03/17/00 =

8 |HDEOCP Approves Proof of Concept* | 04/03/00| 04/03/00 i

* Contingent on HDEOCP Meeting Date
** Will include TMC 1005-1
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Summary of Events Required for PC-9 Licensing

Brent Shoffner 1/19/2000

1999

2000

2001

2002

ID | Task Name Start Finish otr 10w 2]otr 3]or 4|ow 1]owr 2|0 3]owr 4[owr 1o 2]orr 3] o 4]0 1
1

2 | Define PC-9 Performance Parameters 03/16/99| 03/16/99| <

? |Design Prec. Mtx. Appr. APl Lubes Comm. | 03/17/99| 11/08/99

* |PC-9 Funding MOU Signed 11/09/99| 05/01/00

> |All eng. tests are adequate for oil devel. (1¢| 03/01/00| 03/01/00 rltl

5 | Identify Test Oils (with validation) 03/02/00| 03/31/00 e

" |EMA Select Base Stocks for Prec. Mtx. 11/09/99| 03/31/00 Y

s |EMA Selects Additives for Prec. Mtx. 01/06/00 | 03/31/00 —

° |Base Oils Recd by Additive Companies 04/03/00| 04/21/00 b

10 1Blend Prec. Mtx. Oils>TMC>Labs 04/24/00| 06/16/00

1 Final Acceptance of New Engine Tests * 06/01/00 | 06/01/00 am|

121 Final Acceptance of Test Parameters 06/01/00 | 06/01/00 am

13 1 PC-9 Demonstration Oil is Validated 12/15/00| 12/15/00 .

14 1PC-9 Precision Matrix Testing 06/23/00| 11/02/00 S

15| Precision Matrix Data Analysis 11/03/00| 12/11/00 =

16 |HDEOCP Post Matrix Test Acceptance 12/12/00| 01/10/01

17| CMA Registrations Allowed 01/11/01| 02/07/01 L

18 | Finalize Pass/Fail Criteria (Sub B Mtg) 01/11/01| 03/26/01 -

19 | New Product Development 03/27/01| 03/26/02 D —
20 | API Licensing Allowed 03/27/02| 03/27/02 4

* Acceptance of each engine test (by HDEOCP) for discrimination and preliminary precision prior to starting the precision matrix.
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Precision Matrix Duration Estimate by Test Type
01/19/2000

Test Total | Days | Days | Total [Maximum| Safety | Total | Week
Type Test per to Days |in a Stand| Factor** | Days | Days
Hours | Test Next per

Test Test
10 504 21 4 25 4 33% 133 95
M1l EGR 300 13 4 17 4 33% 90 64
T-10 300 13 4 17 4 33% 90 64

** For every 3 valid tests, one invalid test is assumed.

Brent Shoffner [c:\files\dieseltime\precmtxtime2000_0119.xls]


Jim Wells
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ASTM HDEOCP

Feb 23rd 2000

Oxidation Task Force Report
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Task Force Membership

Chairman
Members

Rich Lee

John Graham
Steve Kennedy
Brian Lawrence
Glenn Mazzamaro
Charlie Passut
Greg Shank
Brent Shoffner
Virginia Carrick
Cyril Migdal
Jim Wells
Steve Roby
Cliff Venier
Augie Birke

Oronite
Cummins
ExxonMobil
Infineum

Ciba

Ethyl

Mack

Perkin Elmer AR
Lubrizol

CK Witco

SWRI

Chevron
Pennzoil Quaker State
Equilon
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Scope: To review proposals and make
recommendations to the HDEOCP regarding
measurement techniques to evaluate oxidation
performance for lubricants meeting the
proposed performance standard API PC-9

Key Issue: Should the JDQ 78A test be part of
the PC-9 engine test slate?

TTdO € 39Vd ‘L INTWHOVLLY



Task Force Meetings

 December 7th 1999 - Reno
e January 19th 2000 - Arlington
 February 22nd 2000 - Chicago
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Summary of Task Force Efforts (1)

Oronite proposal for evaluating oxidation performance for API PC-9
based on Cat 1P, Seq. llIE and Mack T-9 data

— Thin film oxidation Cat. 1Q/PDSC
— Bulk oil viscosity increase due to oxidation Seq. llIF
— Bulk oil acid build-up due to oxidation Mack T-10

Ciba proposed the PDSC (included in ACEA E-5) on an EOT ol

Oronite data indicated that an extended Seq. llIF was more severe on
vis. inc. and IR oxidation than a Seq. llIE

Perkin EImer AR presented concerns re an extended Seq. llIF test
— Cost savings only if PC-9/SL is feasible
— Use of llIF LTMS only if ref. oils provide discrimination at extended length
— Efficiencies/cost savings vs. using the JDQ 78A

TT 40 S 39Vd ‘L INIWHOVLLY



Summary of Task Force Efforts (2)

Infineum presented data showing:
— The impact of NO2 on oxidation inhibitor performance
— The negative impact of EGR on oxidation
— Carbon (soot) can be an oxidation catalyst
— Photo acoustic method for measuring oxidation in soot laden oils

Ciba presented data showing:
— The negative impact of NOx on oxidation stability
— How EGR can lower NOx but increase severity
— The Seq. lIE/F could be more severe than a non EGR diesel engine test
— Need to measure FTIR on the new EGR tests

SwRI compiled a chart showing engine and bench oxidation test oil
temperatures

— Seq. IE/F hotter than all CH-4 and PC-9 diesel engine tests
— Bench tests generally much hotter

TT 409 39Vvd 2 INFWHOVLLY



Summary of Task Force Efforts (3)

 Chevron reviewed the JDQ 78A data:

High abort rate (27%)
Lack of good correlation around the majority of the data
Infineum suggested soot level differences may be important

« ExxonMobil showed data indicating:

The vis. inc. severity of the Seq. IIF>IHIE>JDQ 78A on two HDMO technologies
IR oxidation for Seq. IlIF at 160 hours > JDQ 78A at 400 hours

« Ethyl data indicated:

The vis. inc. of the Seq.llIF > JDQ 78A > Seq. llIE

But oxidation in JDQ 78A > Seq. llIE > Seq. IlIF

Cat Pre 1Q deposits do not correlate with FTIR oxidation except for TLC
FTIR oxidation in one of the new PC-9 tests may be a good measure

TT 40 2 39Vvd ‘2 INFWHOVLLY



Summary of Task Force Efforts (4)

Cummins:
— Engine test data from L-10 & M-11 (no EGR) with oil temperatures increasing
from 250°F to 275°F and higher
* 100% plus viscosity increase at >275°F
» Faster TBN depletion at higher temperatures
» Potential bearing corrosion

Infineum:

— Increasing the temperature in the Mack T-10 to 235°F (gallery)
« TMC 1005 could not complete the test
* Very high wear and oil consumption

CK Witco:

— Presented information on the Uniroyal Nitro Oxidation Test (UNOT)
» Discriminates between different base stocks and antioxidants
» Oxidation is more severe with NOx
* Needs verification with reference oils

TT 40 8 39Vd ‘2 INFWHOVLLY



Summary of Task Force Efforts (5)

Chevron:

— Proposed looking at the Seq. VIII as a severe oxidation test
e Oil temperatures >300°F
» Possibly extended length

ExxonMobil showed extended length Seq. IlIF data :
— TMC 1005 does not complete a double length Seq. llIF
— Viscosity increase breaks at ~ 70 hours
— FTIR oxidation breaks at ~ 50 hours

Oronite showed data on an APl CH-4+ oil indicating:
— The vis. inc. of the Seq.llIF > Mack T-10 > JDQ 78A

CIBA showed some used oil analysis data from a Mack T-10:

— ~150 hour samples - Small viscosity increase
— Large TAN increase - High ZDTP depletion
— High IR oxidation levels

TT 40 6 39Vd ‘2 INFWHOVLLY



Possible Proposals for HDEOCP

Thin film oxidation addressing undercrown deposit concerns:
— Caterpillar 1Q
— PDSC on fresh/used oll

Acid build-up control to address bearing corrosion concerns:
— Mack T-10

— CBT

— Cummins M-11

— Seq. VI

Bulk oil oxidation leading to viscosity increase:

— John Deere JDQ 78A - Uniroyal Nitro Oxidaton Test
— 80 hour Seq. llIF - Photo-acoustic IR

— Extended Seq. llIF - FTIR oxidation on used oil

TT 40 0T 39Vd ‘2 INFWNHOVLLY



Proposed Proposal for HDEOCP

Thin film oxidation addressing undercrown deposit concerns:

— Caterpillar 1Q cooling gallery deposit limit
— PDSC on fresh oll

Acid build-up control to address bearing corrosion concerns:
— Mack T-10
— CBT

Bulk oil oxidation leading to viscosity increase:
— 80 hour Seq. IllIF

— Investigate further
* Photo-acoustic IR
 FTIR oxidation on used oil from an EGR test

TT 40 IT 39Vd ‘2 INFWNHOVLLVY



ATTACHMENT 8, PAGE 1 OF 1

PC-9 Elastomer Task Force Report
February 23, 2000

The PC-9 Elastomer Task Force -

Using D 471 (PC-7 method):
Survey Industry to select the most aggressive Reference Fluid(s) with field service

This reference fluid(s) will be used to provide a baseline for oil, additive and elastomer
manufacturers — as practiced in ILSAC GF-3 and individual OEM specifications
An oil cannot be more aggressive than the reference fluid(s) toward elastomers
An elastomer must be compatible with the reference fluid(s)

Because there are no rigid limits to this approach, it is not suggested that this become
part of ASTM D 4485 but rather become part of an EMA specification or individual
OEM specifications similar to OEM PCMO specs or the GF-3 ILSAC spec.

There are several items that must occur for this to happen:

1. The D471 PC-7 method must be recognized and accepted in ASTM - preferably in
D11.15 who oversee the D471 test method

2. A continued source of elastomers must be identified and distribution assured

3. Once Reference oil(s) is identified distribution of it must be assured

At the recent Task Force meeting we agreed to the following:

1. We agreed that the elastomer sheets should be from one source. We have identified
two distributors who have expressed interest in distributing the materials and will
ask them to bid on supplying the material.

2. The additive companies will estimate the number of tests to be run over the next 2
year period to give an idea of the demand for this test

3. Itis requested that those supplying PC-9 matrix oils run the elastomer test on the
oils to add to the tests on 20 oils already run.

4. Companies will be developing PC-9 fluids — the request for reference fluids
continues until the end of the PC-9 matrix and limits are set by the HDEOCP. At
that time, reference fluid selection must be made from the available data.

Note: It is assumed that the TMC will be distributing the fluids, however that must
first be approved by the TMB and Subcommittee B.
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PC-9 Matrix -- Base Oil Selection

Base Stock Description Typical Properties
(list cuts that may be used) KV @100C KV @40C VI %Sulfur (a) %Saturates (D2007) Volatility (b)

Base Oil Submission A (Group 1)
SB-Al 4.05 19.8 102 0.2 78.9 25.2*
SB-A2 8.15 63.0 96 0.5 70.5 49*

Base Oil Submission B (Group II)
SB-B1 4.2 cSt 20.8 cSt 95 <1ppm >99 24.3/14.3*
SB-B2 7.0 cSt 50.0 cSt 95 <1ppm >99 10.3/5**

Base Oil Submission C (Group II)
SB-C1 4.9 27.5 103 0.0011 97.5 9.2 ***
SB-C2 7.5 54.1 100 0.0021 94.8 3.6 ***

(@) Sulfur by D2622, D4294, D4927, or D3120

(b) Report Evaporative Loss and/or Simulated Distillation; indicate test method used
* ASTM D5800

** ASTM D5800 / D2887

*»** ASTM D2887E
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PC-9 Matrix -- Base Oil Selection

Base Stock Description Typical Properties

(list cuts that may be used) KV @100C KV @40C Vi %Sulfur (a) %Saturates (D2007) Volatility (b)
Technology Candidate A -- Group Il / 11+
TC-Al 4.0 19.7 100 0.001 >99 27/15*
TC-A2 6.5 43.0 100 0.001 >99 12/5*
TC-A3 12.5 116.0 100 0.001 >99 2/0*
TC-A4 4.7 23.5 117 < .0006 >99 15/3*

Technology Candidate B -- Group | and Il

TC-B1 5.16 30.68 95 0.24 79.7 11.5 **
TC-B2 12.21 114.93 96 0.45 69.9 2.8 **
TC-B3 4.97 27.82 103 <30 ppm > 95
TC-B4 7.47 53.56 100 <30 ppm > 94

(@) Sulfur by D2622, D4294, D4927, or D3120

(b) Report Evaporative Loss and/or Simulated Distillation; indicate test method used
* Noack (ASTM D 5800) / GCD % evaporated @ 700°F (ASTM D 2887)

* ASTM D 2887


Jim Wells
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ASTM HDEOCP Mtg
Feb. 23, 2000 - Chicago, IL

ASTM TASK FORCE ON LOW
TEMPERATURE RHEOLOGY OF USED
ENGINE OILS (LOTRUQ)

C.J. May, K.O. Henderson

c\astm\lotruo\022300.ppt



Scope & Objectives

"To determine the suitability of current rheological
methods in measuring low temperature
properties of used engine oils (relating to cold
cranking and pumpability), provide
recommendations for any modifications to those
methods, and determine the precision of those
modified or unmodified methods.”

» Current Scope & Objectives do not cover the
correlation of engine pumpability to rheological
methods or precision associated with used oils
generated from repeat engine tests on the same oll

c\astm\lotruo\022300.ppt
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Recent LOTRUQO Activities

e At Dec. ‘99 ASTM D02.07 meeting, 15 labs expressed
Interest in participating in used oil testing

[1 Participants will evaluate available used oils in standard
tests including MRV, CCS, etc.

[1 6 labs also indicated capability to run tests on research
rheometers (additional exploration of rheological
properties under non-standard conditions)

e Solicited assistance of HDEOCP members (including
surveillance panel chairs) to obtain relevant used
reference oil samples for analysis

e Have separately contacted TMC rep. to reinforce this
request

c\astm\lotruo\022300.ppt
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Recent LOTRUQO Activities

e \We understand the very short timelines associated
with the HDEOCP PC-9 program, and the need to
provide meaningful information to assist you in
establishing specifications but

We need relevant used oil samples to work with!

c\astm\lotruo\022300.ppt
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Draft LOTRUO Organization

LOTRUO

l

Assess standard low
temp. methods and
protocol modifications,
e.g. preheat conditions,
sample pretreatment,
etc.

i

Step-out approaches:

e.g. rheometric
analysis,
modifications to
existing method
hardware, etc.

Conduct activities in parallel

c\astm\lotruo\022300.ppt
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KEY QUESTIONS THAT WILL NEED TO
BE ADDRESSED ON USED OIL SAMPLES

e What should the soot loading levels of the used oils
be for our investigations?

[1 e.g. specified soot level (e.g. 5%) or simply end-of-test
drain

e What are appropriate test temperatures for
evaluation?

[1 e.g. 15W-40 may thicken to 20W-50; should pumpability
assessment be on basis of CCS performance?

e For MRV evaluations, is 1-day or 2-day cooling profile
most relevant?

c\astm\lotruo\022300.ppt
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KEY QUESTIONS THAT WILL NEED TO
BE ADDRESSED (CONT’'D)

e What is effect of preheating (standard part of low-
shear methods to dissolve wax)?

[ Instrument manufacturer will make software
modifications available for us to assess

[1 Preshearing of samples also important consideration
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