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1. Introduction:

Three-way catalysts have been used in passenger cars to control various exhaust emissions
since the 1970s. Phosphorus (P) in engine oils has long been identified to affect the durability of
such catalysts. A chemical limit has been in place to restrict the amount of P in engine oils in
past engine oil categories. However, chemical limits do not reflect the total mechanism on how P
in engine oil affects catalyst durability. Further reduction of P limit also raises wear concerns
especially around flat tappet type cam followers. While chemical limits do address the impact of
consumed oil on catalyst durability they fail to address the equally significant contribution from
volatilized P. A recent field test evaluation clearly indicates that controlling P volatility can
substantially improve long term three-way-catalyst durabilityl'z. In that study a GF-4 engine oil
containing conventional ZDP was shown to cause greater catalyst degradation over a 100,000
field trail compared to an identical oil using a reduced volatility ZDP. A task force, Emissions
System Compatibility Investigation Team (ESCIT), was formed under ILSAC/Oil® to develop a test
procedure best capable of measuring the contribution of P in engine oils to catalyst degradation.
More specifically, ESCIT was charged to find a test that evaluates the amount of volatile P

emitted from engine oil while maintaining the correlation with the field performance.

2. Test Method:

A literature review was conducted in the beginning of the activity with the detailed list provided in
Appendix A. A multitude of tests were proposed during the process. They primarily fall into 3

categories:

1. A dyno test that directly measures catalyst performance

2. A test utilizing used oils generated from an existing lubricant engine dynamometer test
3. A bench test

The primary consideration was given to the technical merits of each proposed test but resource
restrictions, especially the need to fit into overall GF-5 timeline, were also a major factor. For
example, the dynamometer test under development by Southwest Research Institute was
considered very promising and most realistic but it did not progress sufficiently to be considered
when the selection was made. The Sequence IlIG test (ASTM D7320) was found most suitable
to provide the oil aging process and the Phosphorus Retention (PR) calculation was selected

(The higher the PR, the lower the amount of volatile P emitting) as defined by:

Ca, P
PR = 1y "1 410004 1]
CathO F)tl
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Where Ca is Calcium concentration in the oil and P is Phosphorus concentration of oil, both in
ppm. If Ca is not the highest non-volatile detergent metal in the oil, other non-volatile detergent
metals can be used in its place. The designations “tI” and “t100” refer to the used oil samples
taken at the beginning of the test (Initial) and at the end (100 hours) of the IlIG test. The 100-hr
test duration was chosen over shorter hours (such as 20 and 40 hrs proposed in ESCIT) is to
make sure as much volatile P is driven out of the oil as possible. The test is named IlIGB as it
utilizes the used oil samples generated from Seq. llIG. Other tests evaluated during the process
are listed in Appendix B with limited descriptions. The final recommendation was made by
ESCIT via 2 letters to ILSAC/QIil chair based on ESCIT final votes (Appendix C). PR measures
the amount of volatile P retained after an aging period. It is compared to a baseline using Ca as
a non-volatile component in the engine oil to reflect the liquid portion of the oil consumption. That
is, PR will be 100% if the only P loss is via liquid oil consumption. The more volatile P retained in
the oil (higher PR), the less volatile P emitted to the exhaust to affect catalyst performance. The
P contribution to catalyst via liquid oil consumption is addressed through the chemical limit. This
test ranks the improved oil (low impact) and the standard performance oil used in the field test in

the correct order.
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]
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Figure 1 Smoothed average 111G PR data for the two field test oils

JAMA? performed catalyst evaluation in a dynamometer test and confirmed the correlation

achieved via llIG as well. This resultis in Appendix D.

In addition to the variability of 1IG itself, another source of error was suspected around the
measurement procedure of Ca and P in the used oil sample. The following requirements were
added by the Surveillance Panel to improve 111G PR precision:

- The phosphorus and calcium weight percentages are to be determined using ASTM D
5185.

- All samples are to be run sequentially, in duplicate, using the same calibration (i. e. as
close in time as practical)
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- Background correction, internal standard, and peristaltic pump are required
- Sample dilutions of at least 1:20 are required
- Report the average of the two duplicate determinations

As a result, the IlIGB is basically a test taking used oil samples generated from [lIG and
measures the samples with an improved used oil analysis procedure followed by the calculation

in equation [1].

3. I11GB Estimated Precision:

Given the IIIG test is an existing test procedure under ASTM Test Monitoring Agency (TMC)
monitoring, reference oil data, including used oil results, are already available. Because the
existing data were not produced with the final used oil analysis procedure, the precision thus
produced could only be used as a preliminary precision. The estimated precision (Table 1) is still
valuable as it allows assessment whether this test can discriminate between reference oils. TMC
provided the IlIG reference oil data from 5 Labs (A, B, D, G, F), all running referenced and
monitored 111G stands. The data are listed in Appendix E with PR calculated in the last column.
Note the units for Ca is ppm but “%” for P and PR. The three IlIG reference oils cover the range
for the two field test oils. Itis clear that IlIG PR can discriminate between the two field test oils.
The IlIG PR can also discriminate among the three TMC IlIG reference oils (434, 435 and 438).
This analysis includes all reported data. The added measures to improve used oil analysis

precision will only improve the test precision and discrimination of 1IGB.

Table 1 IG PR precision used as the preliminary precision for 11GB

Standard

Reference Ol Mean Deviation
tmc-434 74.66 2.25
tmc-435 81.44 2.28
tmc-438 76.96 1.79

It is therefore considered sufficient to implement IIIGB. The addendum X.3 balloted successfully
as a TMC information letter via ASTM D02.B is attached in Appendix F (TMC Sequence IlIG
Information Letter 08-2, Sequence No. 18, November 6, 2008).

4. Precision and Bias Statement:

There was no established precision or bias statement when the final procedure was
balloted. The preliminary precision was established using the 111G PR reference oil data
as described in 3. That is, the statement in Table 2 does not incorporate the use of
modifications to the used oil analysis though the precision is expected to get better than
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that indicated in Table 2. The final precision statement will be established by the
Surveillance Panel and documented via an information letter when sufficient reference oil

data are produced using the final 111GB procedure.

Table 2. Preliminary Sequence IGB Reference Oil Precision Statisticis”

Intermediate Precision Reproducibility
Variable Sip. " i.p. Sp° R
Phosphorus Retention, % 2.07 5.741 2.11 5.845

A Based on reference tests used to determine targets in Sequence IlIG.

B standard deviation
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* ASTM Committee D02 on Petroleum Products and Lubricants, Unapproved
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Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.

-7-



RR: [RR # - ASTM to assign]

Appendix B  List of tests proposed during ESCIT

An exit ballot was issued by ESCIT in November, 2008 to narrow down the list of tests
being considered. That ballot listed all test methods proposed for ESCIT as follows:

Proposed Volatility / Retention Test

CIBA Proposed Test Method

Phosphorous Retention in the Sequence IV A

Phosphorous Retention in the Sequence VG

Phosphorous Retention in the Sequence VI D.

Phosphorous Retention in the Sequence 111G. (20 Hrs)

Phosphorous Retention in Sequence 111G (EOT)

Phosphorous Retention in the Sequence VI B.

0 (NI WIN| -

PEI 165

PEI 250

o

10 ROBO- Phosphorous Retention

11 Southwest Research Institute Engine Dyno Test

A TEOST MHT proposal was also added to the poll. The results released on Jan 9, 2008
showed the following results:

5: 2 votes

6: 7 votes

9: 3 votes

MHT: 3 votes

There was also 1 vote supporting 111G at 40 hours.

111G PR was further developed into I11GB because the 111G had the most support after
combining all versions (different hours). ESCIT released its final vote on test method
and calculation selections in two letters released to ILSAC/Qil chair to document the
findings (Appendix C).
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Appendix C ESCIT Recommendations to ILSAC/Qil

TOYOTA

Toyota Motor Engincering &
Munufacturing North America, Ine.
2350 Green Rasd

Anmn Arkar, MI4RI0S

{73} 052600

January 8, 2008
Y- T o
Dear Ch.tﬁpnan:,!”' ;w':.r
el

The Emission System Compatibility Investigation Team (ESCIT) is pleased to be able to
deliver a recommendation o ILSACADI on how best to measure the phosphorus impact
on the emissions system. We recommend using the Sequence 111G engine test and
evaluating al end of test.

While ESCIT recognizes the benefits of a bench test from both a cost and ease-of-use
perspective, precision and accuracy ultimately trump these considerations, At this time

the Seqguence 1110 is the best choice for measuring the engine oil's catalyst impact.

ESCIT will continue to discuss the most appropriate calculation methad, We will notify
TLSAC/ON when this process is complete,

This information will be shared with the entire ILSAC/OI] group ai the January 23, 2008
meeting,

iﬁ 51 Repard: {L_.-'__m
! 7
W ‘:"L/\I_Ll_l\_.f__ l/;"IL-({.-gr_.-l:r;?:a

nah Murray ;_/
IT Chair L

TOYOTA

Towoda Motor Engineering &
Mamifacturing Morth Amerbca, Ine.
2350 Green Roud

Adn Arbar, M1 EEIGE

T34) U526

April 18, 2008
ff%.
Dear/Wainnan.

The Emission Sysiem Compatibility Investipation Team (ESCIT) is pleased 1o be able to
deliver & second recommendation to ILSAC/OIl on how best to measure the phosphorus

impact on the emissions system. We previously recommended using the Sequenee [11G

engine test and evaluating at end of test; a recommendation we still suppon,

Regarding the phosphorus calculation methad, ESCIT supports the usage of a phosphorus
retention calculation method.

Several ESCIT members have outlined various steps o improve the actial measurement
of phosphorus. These actions, while beneficial to the industry and the GF-5 category,
will be addressed in other industry forums,

We look forward to future discussions within 1LSAC/OIl on the appropriate limit for this
lesl,

Murray
Chair
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Appendix D Dynamometer Catalyst Evaluation vs. 111G Data Provided by JAMA*

Sillica,gel
XH_No2 HXH
\ Mass flow meter a
Heater VIAX 100L/ min) I
=
Cooler Water T | Vacuum Pump
Heated Pipe ater Trap vessel
Sillica gel
Heated Pipe D No1 HX
t Sampling Filter } 3
(Sillica fiber)
ICP analysis Cooler
l Water Trap vessel
Mass flow meter
lon chromatography analysis

[ —— :
Heater -~ i : /
i HOJd ] | Sillica gel |

Vacuum Pump

| SOx sampling |
Cylinder In-line 4
Valve Train DOHC 16 valve
Displacement om’ 1998
Compression Ratio 10.0
Rated Power KW/ (r/ min) 110 / 6000
Max. Torque Nm / ( r/ min) 182/ 4500
Fuel Supply EGI
Oil Pan Volume L 4.6
Conditon H Conditon M
Engine Operating Condition High Oil Temp. Middle Oil Temp.
Rev. r/min 4000 2500
Torque N.m 150 100
Coolant outlet temp. °C 105 80
Oil pan temp. °C 135 85
Test Fuel Premium Gasoline (S:2ppm)
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Oil Code Level P % PEI ZDTP Test Condition
0il 2 5W30 0.08 Typical A Cond.iton H Hiqh OiI.TemD. (n=2)
GF-5 Conditon M | Middle Qil Temp. | (n=2)
. Qil 2 . Conditon H High Qil Temp. | (n=2)
Oil 4 changed | 008 [ Typical B Conditon M_| Middle Oil Temp. | (n=2)
. il 2 . Conditon H High Qil Temp. | (n=1)
Oil 5 changed | 208 Typical c Conditon M__ Middle Oil Temp. | (n=1)
. Qil 4 . Conditon H High Qil Temp. | (n=2)
17 12 T [ B
Oi +ZDTP 0 ypica Conditon M_| Middle Oil Temp. | (n=2)
. Qil 4 . Conditon H High Qil Temp. | (n=2)
oil'8 -ZDTP 0.05 Typical B Conditon M_| Middle Oil Temp. | (n=2)
0il 9 Qil 2 005 High D Condllton H quh O|I'Temp. (n=1)
changed Conditon M | Middle Oil Temp. | (n=1)
50 - c
Qil 2@85°C
v =150994x + 46793 ;D'I sGEE
R* = 0.4665 i
> Qi 5@85°C
40 o il 7@85°C
& A Qil 8@85°C
b L + Qil 9@85°C
30 L 3
e & Qi 2@135°C
5 W W Qil 4@135°C
2 + K4 Oil 5@135°C
£ 20 ® Oil 72135°C
o yv=57872x - 0.7049 A Oil 8@135°C
R™=06461 I8 0il 9@135°C
0

0.5

1

1.9

Estimated P Volatility in Engine Testing
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Appendix E TMC Data Used to Estimate Preliminary I11GB Precision

TESKEY |OIL LAB |OILLH020|OILLHO040|OILLHO60|OILLHO80|OILLH100]CA INI_|CA 020 |CA 040 |CA 060 |CA 080 [CA EOT |PH_INI_[PH 020 |PH 040 [PH 060 |PH 080 [PH EOT PR
47883|tmc-434 |A 441 780) 1114 1107| 0.2157) 0.2449] 0.2761] 0.3007| 0.3323] 0.3483| 0.0831] 0.0725| 0.0777) 0.0851 0.095| 0.1013| 7549
47884[tmc-434 |A 763 1102 1268 1433 1619| 0.2094] 0.2501| 0.2891] 0.3115| 0.3428 0.367| 0.0806| 0.0709| 0.0778] 0.0841| 0.0933| 0.102[ 72.21
47885|tmc-434 |A 448 586 756 1026 1365| 0.2078| 0.2446] 0.2732] 0.2989| 0.3243] 0.3441| 0.0812 0.072| 0.0771) 0.0847| 0.0933] 0.0996| 74.07
47886(tmc-434 |A 824 1423 1778 2063 2291) 0.2116[ 0.2493] 0.2932[ 0.3214| 0.3632 0.401[ 0.0818) 0.0728) 0.0826| 0.0919| 0.1047| 0.1173| 75.67
47900|tmc-434 |G 648 1084 1379 1605] 1875| 0.2011) 0.2521|] 0.2911] 0.3303 0.345] 0.3697] 0.0749] 0.0679] 0.0746] 0.0871] 0.0931] 0.1006] 73.06
47901|tmc-434 |G 412 788 990 1222 1506 0.2154] 0.2594| 0.2849| 0.306 0.34| 0.3762 0.076/ 0.0681| 0.0726 0.082[ 0.0899] 0.1014 76.39
47902|tmc-434 |G 399 836 1099 1326 1535| 0.2008| 0.246| 0.2841] 0.3039] 0.3316] 0.3836| 0.0734| 0.0673| 0.0744| 0.0828| 0.0917| 0.1025| 73.10
47916[tmc-434_|B 858 1259 1650 2000 2640| 0.1887 0.2405 0.278] 0.3186 0.352| 0.4222| 0.0731] 0.0697| 0.0776[ 0.0879| 0.0913[ 0.1181] 72.21
47917|tmc-434 |B 441 611] 679 1278 1933| 0.1951) 0.2318] 0.2586| 0.2967| 0.3141] 0.3358| 0.0764| 0.0673| 0.0722| 0.0822] 0.0878| 0.0956| 72.70
47924|tmc-434 |F 946 1550 1973 2292 3198 0.18 0.22 0.26 0.29 0.33 0.36 0.07 0.065 0.071 0.081 0.093 0.1 71.43
47925|tmc-434 |F 605 848 1054 1358 1907 0.191 0.223 0.249 0.272 0.3 0.334| 0.0704) 0.0641| 0.0692) 0.0763| 0.0851] 0.0975| 79.20
48581(tmc-434 |G 340 850 1017 1183 1497 0.207| 0.2275| 0.2611] 0.2983| 0.3292| 0.3526| 0.0744| 0.0641] 0.0706 0.0824 0.092| 0.1001| 78.99
48582|tmc-434 |G 342 720) 889 1056 1150| 0.1926] 0.2304] 0.2542] 0.3017| 0.3134] 0.3472] 0.0692| 0.0637| 0.0673| 0.0795| 0.0838] 0.0939| 75.27
48584|tmc-434 |A 583 989 1222 1451 2008| 0.1855[ 0.2314] 0.2543| 0.2825| 0.3398| 0.3507| 0.0726] 0.0686| 0.0728| 0.0816/ 0.0983| 0.1032 75.19
48605|tmc-434 |G 603 1017 1456 1948 2029| 0.1985] 0.2381] 0.2838] 0.3065| 0.3426] 0.3964) 0.0736| 0.0656 0.075| 0.0811] 0.0957| 0.1123| 76.41
49073[tmc-434_|B 451 828 997 1265 1486 0.195| 0.2405| 0.2745| 0.3067| 0.3734| 0.3607| 0.0761| 0.0681] 0.0762| 0.0861) 0.1011f 0.1022) 72.60
49510|tmc-434 |G 551 1059 1488 1778 2137] 0.1922 0.2286 0.269] 0.3193| 0.3435] 0.3942] 0.0698| 0.0619| 0.0687| 0.0819] 0.0892| 0.1042) 72.79
49705|tmc-434 |A 203 480 787 888 1082| 0.1902| 0.2283| 0.2487| 0.2694 0.291| 0.3148| 0.0729| 0.0691| 0.0707( 0.0773| 0.0844[ 0.0915| 75.83
49706|tmc-434 |A 414 688 1093 1292 1510| 0.1946] 0.2325| 0.2617| 0.286] 03232 0.3451 0.073| 0.0672] 0.0708| 0.0775| 0.0874 0.095| 73.38
50450[tmc-434_|B 344 1026 1520 1905 2045 0.198] 0.2313| 0.2693 0.296( 0.3292) 0.3567| 0.0751] 0.0705| 0.0782] 0.0856| 0.0969] 0.1044| 77.17
47890|tmc-435 |A 489 833] 1003 1238 1429| 0.1764] 0.2061| 0.2304] 0.2532 0.272 0.291| 0.0813) 0.0796] 0.0855] 0.0933| 0.1006| 0.1083| 80.75
47891[tmc-435 |A 530 875 1214 1514 1893| 0.1811] 0.2109| 0.2346] 0.2636] 0.2749]| 0.3063| 0.0831| 0.0822| 0.0877| 0.0982| 0.1021) 0.1139| 81.04
47892|tmc-435 |A 824 1093 1390 1746 2045| 0.1748] 0.1984| 0.2337| 0.2616| 0.2861| 0.3112] 0.0797| 0.0762| 0.0868| 0.0971| 0.1057| 0.1147| 80.84
47905|tmc-435 |G 406 780) 1218 1256 1504| 0.1722| 0.2113| 0.2392]| 0.2668| 0.2859]| 0.2969| 0.0737| 0.0747| 0.0814| 0.0907| 0.0973| 0.1077| 84.76
47906|tmc-435 |G 614 984 1347 1637 1936| 0.1707] 0.2165| 0.2312] 0.259| 0.2887) 0.3214] 00726/ 0.0759] 0.0801] 0.0902] 0.0991] 0.1108| 81.06
47907|tmc-435 |G 376 886 1285 1577 1848 0.165| 0.1935| 0.2321 0262 02813 0.3109] 0.0736| 0.0733| 0.0812] 0.0913| 0.0981] 0.1067| 76.94
47908|tmc-435 |G 464 849 1428 1759 1946| 0.1745] 0.2049 0.224] 0.2514] 0.2911] 0.3229] 0.0731] 0.0737 0.081 0.091| 0.1017) 0.1126| 83.24]
47909|tmc-435 |G 587 961 1327 1621 2491) 0.1713[ 0.2049] 0.2327[ 0.2741] 0.3172| 0.3443| 0.0743| 0.0752| 0.0823| 0.0968| 0.1116| 0.1191| 79.75
47918|tmc-435 |B 133] 446 583 787 1392| 0.1643] 0.1943| 02134 0.2329] 0.2502| 0.2702] 0.0768| 0.0764| 0.0777) 0.0865 0.091] 0.1015| 80.36
47919[tmc-435_|B 446 787 1122 1287 2277) 0.1615[ 0.1937] 0.2219 0.2446| 0.2704| 0.2876 0.075| 0.0748| 0.0822 0.09] 0.0996[ 0.1048| 78.47
47920|tmc-435 |B 205 414 552 688 824| 0.1609) 0.1894| 0.2096) 0.2309] 0.2513| 0.2665 0.076/ 0.0758| 0.0786| 0.0848| 0.0931) 0.0969| 76.98
47927|tmc-435 |F 429 709 985 1291 2063 0.15 0.17 0.19 0.21 0.23 0.25 0.067 0.067 0.071 0.077 0.087 0.094 84.18
47928|tmc-435 |F 254 572 816 885 956 0.15 0.175 0.195 0.209 0.225 0.243| 0.0656| 0.0668| 0.0705, 0.076| 0.0818] 0.0881| 82.90
47938|tmc-435 |D 341 751 1020 1251 1373| 0.1688| 0.1984| 0.2264]| 0.2511| 0.2747, 0.296] 0.0734) 0.0736] 0.0808] 0.0895| 0.0983] 0.1063| 82.59
48579|tmc-435 |G 274 448 688 790) 923| 0.1741) 0.2014| 0.2274)] 0.2395| 0.2738) 0.2904| 0.0737)] 0.0731] 0.0793] 0.0856| 0.0919] 0.0979| 79.64|
48580(tmc-435 |G 169] 413 756 959 1154] _0.1645] 0.2027] 0.2542] 0.2478] _0.2695 0.289] 0.0707) 0.0711 0.0807| 0.0858| 0.0937| 0.1019| 82.04]
48587|tmc-435 |A 346 622] 894 1129 1255| 0.1591] 0.2014] 0.2076] 0.2297| 0.2533] 0.2755 0.073| 0.0786 0.077] 0.0851] 0.0939] 0.1028| 8132
49067(tmc-435 |D 173] 557] 729 899 1032| 0.1653| 0.1923| 0.2118| 0.2324| 0.2493 0.268) 0.0724] 0.0723 0.077] 0.0828| 0.0909 0.098 83.49
49074|tmc-435 |B 171 484 792 961 1223 0.164] 0.1937] 0.2177| 0.2417] 0.2642] 0.2843| 0.0754| 0.0747| 0.0809 0.09] 0.0964| 0.1049] 80.25
49076|tmc-435 |A 135] 654] 688 688 890 0.1562| 0.1872 0.207, 0.226]  0.2458] 0.262[ 0.0702] 0.0715] 0.0754, 0.08]| 0.0879[ 0.0926| 78.64
49512|tmc-435 |G 134 482 620 586 1022| 0.1734] 0.2037| 0.2244] 0.2402] 0.2635| 0.2768] 0.0738| 0.0738] 0.0779] 0.0833| 0.0916| 0.0968| 82.17
50457|tmc-435  |A 203 446 651 719] 953  0.1622] 0.18 0.221] 0.2387] 0.2651| 0.2776] 0.0706] 0.0673] 0.0818[ 0.0883] 0.0982[ 0.1046| 86.57
51017|tmc-435 |G 413 959 1682 2219 2381 0.1794] 0.2067| 0.2363] 0.2709] 0.3049| 0.3432| 0.0755| 0.0741| 0.0816] 0.0936| 0.1064| 0.1193| 82.60
51018|tmc-435 |G 169] 482 654 891 1088| 0.1751] 0.2067| 0.2309] 0.2529| 0.2623]| 0.2852| 0.0728| 0.0743| 0.0789| 0.0856] 0.0911] 0.0996| 84.00
51027|tmc-435  |A 344 586 959 1093 1382| 0.1656] 0.1983 0.223] 0.2514] 0.2761] 0.2982] 0.0733] 0.0748] 0.0792| 0.0891] 0.0973| 0.1056) 80.00
51752|tmc-435 |G 344 688 790 925 1187| 0.1711] 0.2009| 0.2199] 0.2394| 0.2653| 0.2841| 0.0729 0.072 0.076] 0.0831| 0.0928] 0.1002| 82.78
52628|tmc-4. A 414 654 24/ 892 957 0.1645| 0.1912] 0.2 0.2311| 0.2474] 0.2685| 0.0728] 0.072 0.0777| 0.084: 0.089 0.096! 81.55|
47 tmc-4: A 416 760 64 1065 1259 0.1457| 0.1681| 0.1 0.2017| 0.2208| 0.2321| 0.0972 0.08: 0.0924| 0.101 0.111 0.117¢ 75.9!
47894|tmc-4: A 441 71 48 948| 1107| 0.1474) 0.17) 0.1 0.202 0.2207| 0.2 0.0979| 0.087! 0.0931| 0.10: 0.111 0.119: 76.9
47895([tmc-4: A 380 65 92 860 959| 0.1462] 0.1637| 0.180 0.193 0.2068| 0.2 0.0978| 0.085 0.0902 0.0 0.10! 0.117¢ 77.0
47896|tmc-4: A 344 55 688 75 923 0.14 0.1615| 0.1761 0.194¢ 0.207| 0.22 0.0967| 0.085: 0.09] 0.0 0.10 0.1144| 77.69
47897 [tmc-4: A 27! 414 517 58 1252 0.13 0.1547] _0.1715] _0.1858] _0.2025] _0.21] 0.0937| 0.081 0.0874| 0.0 0.10: 0.1112] 76.21
47910|tmc-4: G 1 1020 1285 160! 191_1' 0.144! 0.165 0.187! 0.2125| 0.2323] 0.240 0.0889| 0.081 0.087] 0.0 0.10 0.114| 77.1!
47911 [tmc-4: G 4 1183 1509 170 1967 0.139: 0.168 0.192f 0.218 0.2313 0.26 0.0882 0.0 0.087 0.100¢ 0.11: 0.1261) 74.4
47913|tmc-4 G 410 684 853 1049| 0.1447) 0.157 0.1711] 0.187: 0.2147| 0.232. 0.0899| 0.079 0.083: 0.09 0.100: 0.10 74.9
47914[tmc-4: G 8 549 720 1056 1506 0.1381] 0.1559| 0.1785| 0.193f 0.211| 0.227 0.0901| 0.0754| 0.084: 0.091! 0.100 0.10! 74.0.
47921)tmc-438 |B 6 164] 266 300] 1080| 0.1359] 0.1513 0.164] 0.1762] 0.1903| 0.199 0.0916| 0.080! 0.084] 0.090! 0.10: 0.10 77.
47922tmc-4: _'—B 0 167 167 202 749| 0.1367) 0.1511] 0.1629] 0.1778] 0.1879| 0.197 0.097| 0.080 0.0864| 0.0 0.1034| 0.1035| 73.
47923|tmc-4 __LB 30| 24 21 415 420[ 0.1404] 0.1589| 0.1744) 0.1845] 0.190: 0.200 0.0902| 0.080 0.08! 0.0 0.0962| 0.1022 79.
47930(tmc-4: F 468 95i 122 1432 2004 0.13 0.15 0.17, 0.18 0.1 0.2 0.084/ 0.07 0.0: 0. 0.095 01| 77.
47932|tmc-4 F 287 63 81, 880) 1726 0.12 0.14] 0.16 0.17 0.1 0.19 0.08 0.07 0.0 0.0¢ 0.092 0.098 77.
47941 [tmc-4: D 103 41! 41 1102 866| 0.1378] 0.1529 0.169| 0.1815] 0.192: 0.2051) 0.0895| 0.0794| 0.0835 0.0 0.0955| 0.1031| 77.40
48577|tmc-4: G 239 58 99 1520 1827| 0.1507] 0.163] 0.1807f 0.2008] 0.2425] 0.2672) 0.0893| 0.0808| 0.0862| 0.09 0.1125] 0.1292 81.60
48585(tmc-4: A 209 385| 48 559 699| 0.141L 0.1611| 0.1747f 0.1859( 0.1971] 0.2096/ 0.0957| 0.0861] 0.0901) 0.0952] 0.1018| 0.1087| 76.84
48586|tmc-4: A 310 6 75 1026 1187| 0.124 0.1497| 0.1662) 0.182 0.1992| 0.2125| 0.0848| 0.0797| 0.0834 0.0¢ 0.101] 0.1089| 75.24
49064tmc-4: D 100 1. 34 450 658| 0.136 0.15: 0.1657| 0.178 0.190 0.2017) 0.0888| 0.0799| 0.0828 0.0 0.0955| 0.1024| 78.10
49069|tmc-438 |B 207 451 624 624 762 0.138: 0.15 0.1748| 0.185 0.197! 0.2125| 0.0914] 0.0847] 0.0903| 0.0 0.102| 0.1106| 78.70
49070(tmc-4: _'—B 0 275 483 620 655 0.14| 0.15 0.1701] 0.1858| 0.200: 0.2138 0.093| 0.0828) 0.0854] 0.0924| 0.1025 0.11| 77.45
49075|tmc-4: A 135] 414 517 586 622 0.1344] 0.1567| 0.1715] 0.182( 0.1931) 0.1941| 0.0868) 0.0778| 0.0827] 0.0872| 0.0923| 0.0967| 77.14
49515(tmc-4: G 208 453 62 729 2] 01431 0.1572| 01808 0.1975] 0.2125] 0.2237| 0.0858] 0.0784] 0.0835] 0.0932 _0.100! 0.1066| 79.48
49516|tmc-4: G 374 749 95 1050 1110| 0.1453| 0.1617| 0.1787| 0.199| 0.2154] 0.2307| 0.088: 0.0805| 0.0855| 0.0931] 0.101 0.1099| 78.48
49708|tmc-4: A 136 451 58 589 2| 0.1401| 0.1586 0.174] 0.1917) 0.1999] 0.2252| 0.094 0.0841) 0.0893] 0.0966) 0.101 0.1144| 75.07
50458|tmc-4: A 136 382] 48 555 0f 0.1452] 0.1626[ 0.1804] 0.1956( 0.2193] 0.2245[ 0.095: 0.0826)| 0.0894f 0.0959] 0.109 0.1113) 75.62
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Appendix F TMC Information Letter Defining The Final Procedure of I11GB

Test Monitoring Center
Garpegie Meimon Universiny htEpy astm v O.C M, e
G555 Pana Avenwe, Plitsbavgh, PA 15205, U54 FLI-IG5-1000

A FRORIEm OF LATH PR pansl

Sequence IIIG Information Letter 08-2

Sequence No. 18
Movember 6, 20038

Approved by ASTAM DOZ.B on October 20, 1008

TO: Sequence [T Mathngz List

SUBJECT Saguence ITIGE Test Creation

The Sequence III Surveillance Fanel approved, vwia electrome ballot, the creanon of a new
versien of the Sequence IIIG test measunmz only percent phospherus retention Appendixz 33 has been
addad to Test Method D7320 to define the requirements for conducting this procedure, referred to as the
Sequence IIIGE. Sections 1.1.1, 1.4, and 2.1 have also been updated. This change is effective the date of
thiis mformation letter.

fuo Wity - =<

Bruce Matthews JohnI. Zalar

Engme Ol Test Development and Suppeort Admrmistrator

M Powertrain Materzals Engmesring ASTM Test Menntonng Center
Attachment

o fip/fip ashutne coou edu/'docs'gas sequenceiil procedire and s TIIGTLOE-2 pdf

Dhistrbution: Electromc Mail
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AFPENDIX
X3. SEQUENCE NIGE TEST PROCEDURE

X3.1 verew

33.1.1 The Seguence IIGE supplement to the Sequence IIIG test was developed to generate used oll samples to
meastre the phosphoms retention of a test lubricant after 100 b of Seguence IIIG test operation. Do parts rafngs or
measuremants sre required in the Sequence IIGE test. A separate Sequence [IIGE Feport Form Set 15 available
from the TRC for reporting Sequence [IGE test results. Do not use the Sequence [IIG Report Form St to report
Sequence IIIGE test results. The oil samples nsed for measurement of the phosphoras retention m the Sequence
IIGE test are the matial oul sample, removed from the engine following the mitial run-in, and the end-of -test 100-L
oil sample. The phosphorus retention calculation is:

Phosphorns Fetention = (Cay / Cage) % (P Fu) x 100
where Ca, and Py are anzalytical results from the ininal cil sample and Ca,, and Py, a1e apalvrical results from the
end-of-test oll sample. Tse Test Mathod D 5185 to messure calcium snd pbhospbormis concentratons. For otls

whera calcium is not the highest concenmranion detergent metal, subsiiure the highest concenmation detarzent metal

into the agquation for calcnon

332 Proparation gf Apparanis — Prepara the Sequence [IIGE test engine in the same manner as a Sequence IIG
or IIIGA test engine; except that the pre-test camshaft and lifter measurements are not required. Mo special

preparafions are required or permitted on test engines for Sequence IIIGE testne.
333 Calibranon

33.3.1 Ther= is no stand-alone calibration system for the Sequence IIIGE test. A stand that 15 calibrated for the
Sequence IG is also calibrared for Sequence IIIGE testing. Conduct 3 Sequence IIIIGE test simmltaneously with
each Sequence IIIG reference ol test
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X3.3.2 Mo specizl calibration of stand msmunentation is required for Sequence [IIGE testing.

X333 A Sequence IIIGE test counts as one run against the Sequence IIIG calibration perod m which it was n.
A testmun a5 3 combined Sequence IIG, [INGA, or IIIGE test coumts as only one run azaimst the calibraton penod.

3.4 Test Procedhirs — The Sequence HIGB fest can be conducted m one of two ways:

X341 Sramd-alone Seguence IIGE Test — If cnly a Sequence [IIGE test result is needed, conduct the test in the
normal maneer 35 detatled in Test Method D 7320 with the exception of ratings, wear mMeasuraments, or 355855ment
of smack nngs. At the end of test, report all results as a stand-alone IIIGE test using the Sequence [IIGE Fepon
Form Set.

X342 Combined Sequence [IG, 1G4 NIGE Sequence Test — If Sequence IIIG, MIGA, and ITIGE test results
are desired on a noon-reference oil, conduct the test m the normzl manner as listed in Test Method I 7320, identify
the test as 2 Combined Sequence IIIG, IIIGA, IIIGE on Feport Form 1 and complete zll forms in the standard
Sequence IIIG, [IIGA sud OIGE Feport Fonn Sats including all ratings, measursments, and wsed cdl analyses.

3.5 End-gf-Test Onl Sample Testing- The phosphorns apd calcion elementzl concenmations for all odl samples
are o be reported in meke 25 determined nsing Test Method D 3183, All samples. initial and end-of-test, are to be
nm sequentially, m duplicate, usmg the same calibragen (Le. 33 close o ome as practical). Backgronnd comraction,
internal standard and perismlnc pump are required  Use sample dilutions of at least 1:20. Once a dilunon 15
estzblished, nse it for all samples from a test. Report the average of the two detenminations as the final result. If the
duplicate determiinations are ourside the repeatability calculations shown in Table 2 of Test Method D 5185, follow
the procedure n Test Method D 3244 Secdon 6.2,

H3.6 Qualiny Dndex — Calculare quality index results for a Sequence IIIGE test in the same manner as for the
Sequence IIIG.

H3.7 Test Reporting — Feport Sequence IIIGE test results using the standard IIIGHE Feport Form Set, available
from the THC.

H3.E Precizion and Bigs — The precision and bias of this test procedure for measwrmg phosphoros retention has
vet to be determined.
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