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ABSTRACT

The Iowa Re-refined 0Oil Fleet Test was designed to obtain compara-
tive performance data on re-refined and virgin 10W-30 motor oils and
hydraulic oils in fleet use. The vehicles were provided by the Iowa
Depar tment of Transportation (DOT). The re-refined oils were the com-
mercial product from Motor 0Oils Refining Company and the experimental
product was from the Bartlesville Energy Research Center; the virgin
0il was DOT standard stock purchased on a low bid basis.

Forty-six vehicles, inc¢luding 23 passenger cars, 13 pickups, and
10 trucks with hydraulic systems, were operated in normal use with 21
vehicles using virgin oil and 25 vehicles using re-refined oil. Both
dipstick and oil drain samples were analyzed by standard ASTM methods.
0il drain intervals of 4,000, 8,000 and 10,000 miles were used.

Analytical results from drain samples were obtained. Twelve repre-
sentative engines were dismantled and deposit ratings obtained after two
years of operation. All pertinent data have been analyzed to compare oil
performance and assess the effect of varying drain intervals.

Overall, the two re-refined oils performed at least as well as the
virgin oil. 1In addition, the re-refined oils, particularly the MORCO
0il, provided good engine deposit control. Vehicles using MORCO oil
generally had higher oil consumption rates. The virgin oil had a margin-
ally low base reserve (total base number) for an 8,000 mile drain interval

and showed a larger viscosity increase than the other oils.
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1. INTRODUCTION

In 1975 the Iowa Department of Transportation (DOT) became
interested in using re-refined oil in state vehicles. 1In order to
properly assess the performance of re-refined oil, a road test, oper-
ating under normal fleet conditions, seemed desirable. The Bartlesville
Energy Research Center (BERC), DOE, was also interested in road tests
of the oil from their recently developed process [1l]. An agreement
among the Iowa State University Engineering Research Institute (ISU-ERI),
the Iowa DOT, and BERC was reached to test SE-CC Service (10W30) oil
from Motor Oils Refining Company (MORCO) and BERC on about 20 vehicles,
with a comparable number of vehicles operating on the normal DOT virgin
stock under similar conditions.

A lack of significant differences among the three oils would be a
useful result and would permit the DOT and other state agencies to
allow re-refined oil producers to bid for the state's business. It
might also encourage environmentally favorable use of waste oil in
Iowa. A closed loop recycle system would be the optimum result.

An evaluation of the potential for recycling oil in Iowa is another
objective of this test. The cost of collecting and recycling oil from
rural areas is assessed along with the attitude of rural Iowans in

general toward using re-refined oil (Appendix E).
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2. RE-REFINED MOTOR OIL PERFORMANCE TESTING

Engine-lubricating oils are specifically formulated with an addi-
tive package to provide a given level of lubricating performance under
a given type of service (vehicle operating conditions). Bench tests of
the motor oil properties, engine sequence tests, and controlled vehicle
fleet tests are widely used to evaluate motor oil performance. Growing
interest in lubricating oil recycling has prompted research in the area
of comparative re-refined and virgin motor oil testing.

Whisman, Goetzinger, and Cotton [2] compared the bench-test pro-
perties of re-refined and virgin lubricating oils using standard ASTM
tests. According to them, the three re-refined motor oils derived from
Bureau of Mines (BERC) re-refining processes and the eight commercially
re-refined lubricating oils studied could not be distinguished from the
three virgin oils by the bench tests used to define quality.

A major objective of the National Bureau of Standards is an effort
to evaluate the quality of recycled oil products (''Measurements and
Standards for Recycled 0il"). This is to be accomplished by applying
new and existing test methods that are currently being used on virgin
oil. This work is intended to produce quality bench scale tests that
provide an alternative method to the engine sequence tests for evaluat-
ing o0il performance [3].

The first documentation in the United States of re-refined lubri-
cating oils successfully passing engine sequence tests was performed
by Reynolds, Whisman, and Thompson in 1977 [4]. Re-refined lubricating

oils (SAE 10W-30 grade) derived from a BERC re-refining process and a



commercially re-refined SAE 20 grade oil from MORCO designed for SE/CD
service were subjected to engine test sequences IIC, IIIC, VC, and L-38.
The first three test sequences are the basic specification tests for
quality SE motor oils, while the L-38 test (method 3405) is required

to meet-the standards of military specification Mil-L-46152. These
re-refined oils were expected to pass the test sequences, because
earlier bench tests [2] indicated no differences between them and
quality virgin motor oils.

A recent re-refined oil testing program [5] was completed by the
ASTM Re-refined 0il Task Force, EPA, and the U.S. Army. The purpose
was to examine possible re-refined oil basestock variations, in addition
to estimating the effects that those variations have on the ability of
the blended lubricant to qualify under existing U.S. military specifi-
cations.

Six different re-refined lubricants were selected, with quality
levels ranging from "best" to "low." The base oils differed in chemical
and physical properties. The purpose of selecting various quality
levels was to determine the corresponding effect on overall engine per-
formance. All six lubricants were formulated with identical additive
packages at a specific treating level, and were then subjected to engine
sequence and caterpillar 1-H2 tests.

According to J. A. Creedon [5], the test data demonstrates the
capability of the six lubricants to meet the military specification
requirements with a given additive package. Furthermore, re-refined
oils do have satisfactory performance potential to be utilized in

formulating lubricants to meet the U.S. military specifications.



Engine sequence tests are designed to evaluate lubricating oil
performance under simulated high stress operating conditions that might
occur in normal vehicle use. An o0il that successfully passes these
tests should perform adequately under even the most severe operating
conditions. Vehicle fleet tests, on the other hand, can provide "actual"
motor oil performance data on vehicles in normal use, providing deposit
and wear ratings are performed and compared.

Since fleet tests require much more time to complete and are less
controlled than sequence tests, sequence tests are usually preferred.
Certain variables such as constant fuel composition and engine operating
conditions are easier to monitor in sequence tests, but are generally
difficult to control in fleet tests.

Fleet tests vary in complexity depending on the degree of control
that a researcher requires. For example, fleet tests performed by South-
west Research Institute in Texas [6] have operated on a predetermined
course with specified fuel supply and detailed used oil analyses. Other
tests, such as the one conducted by the city of San Diego, simply
operate the vehicles for a predetermined length of time, and then per-
form deposit and wear ratings on a representative sample [7].

In the past, very few fleet tests have been performed on re-refined
motor oil. The San Diego fleet test, which operated solely on re-
refined motor oil, was completed in August 1977. Conclusions drawn
from the deposit ratings performed on representative vehicles should
be used with caution. Overall, the results on the engines using re-
refined oils were supportive. The Iowa Re-refined 0il Fleet Test, on

the other hand, was designed to provide a more controlled testing program.
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3. TEST PROGRAM

3.1. Summary

This test was designed to obtain comparative performance data on
re-refined and virgin 10W-30 motor oils and hydraulic oils in fleet use.
The vehicles were provided by the Iowa Department of Transportation.
The re-refined oils were the commercial product from Motor Oils Refin-
ing Company and the experimental product from the Bartlesville Energy
Research Center.

Forty-six vehicles, including 23 passenger cars, 13 pickups, and
10 trucks with hydraulic systems, were operated under normal conditions
with 21 vehicles using virgin oil and 25 vehicles using re-refined oil.
Both dipstick and oil change samples were analyzed by standard ASTM
methods. O0il drain intervals of 4,000, 8,000 and 10,000 miles were
used.

New vehicles were operated up to 3000 miles before the manufactur-
er's oil was drained, the system flushed and test oil installed. Used
vehicles with 13,000 to 27,000 miles of use were similarly treated to
determine the effects of switching oil.

Analytical results from oil drain samples were obtained. After
two years of operation, twelve representative engines were dismantled
and deposit ratings were obtained. All pertinent data were analyzed to
compare oil performance and to assess the effect of varying drain

interval.



3.2, Description

The new vehicles were run 1000 to 3000 miles on the "original
equipment' oil before being switched to the test oil. The used vehicles
had accumulated 13,000 to 27,000 miles before being switched to the
test oil. The vehicles that completed the test are listed in Tables 1,
2, 3 and 4 by vehicle type. Information regarding engine size, oil
drain interval, type of test oil, and initial and final dates and mile-
ages is provided. In addition, the two vehicles that were dropped from
the test are identified. A low mileage-accumulating vehicle, A17676
using BERC oil, was dropped to conserve a limited supply of that oil.
Vehicle A20386, a Ford 750 truck using virgin oil, needed to be repaired
because of excessive oil consumption.

The oils being tested were supplied by Motor 0Oils Refining Co.,
Bartlesville Energy Research Center, and the Iowa Department of Trans-
portation from their standard stock. Each oil was formulated to 10W-30
grade and SE/CC service. Tables 5 and 6 present a complete oil charac-
terization of each o0il that includes a detailed laboratory analysis and
an identified Lubrizol additive package.

All vehicles (except Vehicle 18718, which used Phillips fuel) used
Amoco fuel, while the Ford 750 trucks used leaded fuel. Any test vehicle
operators who bought fuel with credit cards were instructed to purchase
Amoco fuel.

Conversion of the vehicles to the test o0il required flushing the
system by driving for 30 minutes on the test oil (with a new filter)
and then changing oil and filter again (all vehicles used Fram speci-

fied air and oil filter types throughout the test). Appropriate labels



Table 1. 1976 Matador wagons.

Initial Final
Vehicle Engine Test Drain Mileage Mileage
Number Size (in7) 0il Interval Date Date
A17676" 360 BERC 4,000 2124 o
8/9/76
A17677 ” MORCO 8,000 2700 40833
8/2/76 5/10/78
A17678 1 VIRGIN b 2777 45033
8/9/76 6/19/78
A17679 L MORCO kY 1516 16942
8/2/76 11/1/77
A176802 U BERC i 3074 45887
7/26/76 4/26/78
Al17681 it VIRGIN i 1844 11351
7/28/76 5/8/76
A17682 U MORCO & 1164 36106
7/28/76 5/5/78
A176832 L VIRGIN il 3144 49503
7/12/76 4/24/78
Al17684 L VIRGIN " 2022 40562
8/2/76 5/15/78
A176852 u MORCO b 3151 60174
7/27/76 4/24/78
A176862 H BERC L 1410 27101
8/11/76 4/26/78
Al76872 t MORCO L 1597 48285
7/16/76 4/29/78
A176882 " VIRGIN " 2173 54477
7/27/76 4/24/78

1This vehicle was dropped from the test to conserve a limited BERC oil
supply.

T . - . : -
This vehicle was involved in the teardown and inspection.



Table 2. 1976 Dodge pickups.
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Initial Final
Vehicle Engine Test Drain Mileage Mileage
Number Size (in3) 0il Interval Date Date
A18707 225 MORCO 10,000 2231 15177
8/6/76 129229477
A187102 4 MORCO I 1002 28617
7/26/76 4/24/78
A18712 M VIRGIN 8,000 1149 24917
8/18/76 511/ /8
A18713 u MORCO I 1407 --
3/24/76
A18714 & MORCO il 2683 50560
7/27/76 5/10/78
A187162 n VIRGIN 10,000 2100 63900
7/30/76 4/28/78
A18717 1 VIRGIN i 3677 28902
9/15/77 5/15/78
A18718 I VIRGIN 8,000 1685 23143
9/16/76 5/17/78
A18722 L MORCO L 1853 26444
7/28/76 12/29/77
A187292 0 VIRGIN u 1095 31940
8/10/76 4/24/78
A187312 L MORCO il 1509 45091
11/1/76 4/28/78
A187441 360 MORCO 10,000 1004 28296
7/26/76 12121711
A187451 W VIRGIN 10,000 2255 33998
7/26/76 5/8/78

lData from this vehicle was not reported in Figures 1-18 because the

engine was different from the other pickups.

2 : ; 3 -
This vehicle was involved in the teardown and inspection.



H:

Table 3. 1976 F-750 Ford trucks.
Initial Final
Vehicle Engine Test Drain Mileage Mileage
Number Size (in3) 0il Interval Date Date
A20363 361 VIRGIN 4,000 2487 17799
9/21/76 5/5/78
A20364 u VIRGIN U 1218 29479
9/21/76 5/9/78
A20365 i MORCO " 1458 21234
9/21/76 5/16/78
A20366 i VIRGIN U 1256 10902
11/12/76 4/5/78
A20367 gz MORCO " 1315 16102
9/20/76 12/21/77
A20368 U MORCO H 1568 14240
9/20/76 11/21/77
A203692 L MORCO u 1364 31676
9/20/76 4/25/78
A20370 g MORCO " 1297 17162
9/21/76 12/6/77
420371 " VIRGIN " 1756 27207
9/21/76 4/25/78
A203861 i VIRGIN " 1045 --
9/20/76

1This vehicle was dropped because of high oil consumption.

2 . . . . .
This vehicle was involved in the teardown and inspection.
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Table 4. 1975 Chevrolet Malibus.
Initial Final
Vehicle Engine Test Drain Mileage Mileage
Number Size (in3) 0il Interval Date Date
A16938 350 MORCO 4,000 19089 43514
8/24/76 11/23/77
A16947 H VIRGIN L 26472 62730
8/11/76 4147178
A16955 i VIRGIN " 16196 36152
8/10/76 3/27/78
A16964 " MORCO A 27866 48975
8/11/76 12/ 214051
A17015 A MORCO 1 24160 50389
8/24/76 10/29/77
A17029 " VIRGIN it 21236 46341
8/11/76 4/14/78
A17030 i MORCO n 19123 42760
8/11/76 3/20/78
A17035 & VIRGIN " 13117 39533
8/11/76 11/28/77
A17042 " VIRGIN i 25491 50116
8/10/76 3/30/78
A17059 tf MORCO th 24557 47890
8/12/76 9/30/77




Table 5. Test oil laboratory analysis.
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Laboratory Analyses

MORCO 0il BERC 0il VIRGIN 0il
Viscosity, SSU @ 100°F 316 375 318
Viscosity, SSU @ 210°F 61.60 67.85 63.72
Viscosity Index 136 137 141
TAN 2:15 2,35 1.63
TBN 5.43 3.92 3.38
Ash (sulfated) (%) 1.00 1.30 ST
pH 7.4
Benzene Insol. Coag. Nil Nil Nil
Pentane Insol. Coag. Nil Nil Nil
Sulfur (%) .58 .5 46
Flash, °F 405 425 405
Pour, i Below =50 * Below -50 Below -50
Gravity 29.2 29.2 29.2
Color 4-1/2 3 3
Water -~ - -
Fuel Dilution o = -
Spectrographic:ppm
Iron 2 2 2
Zinc 980 830 820
Lead 0 0 0
Sodium 5 4 16
Calcium 1950 2600 1900
Silicon 4 2 5
Silver 0 0 0
Copper 0 0 0
Aluminum 0 0 0
Barium 24 25 35
Nickel 0 0 0
Chromium 0 0 0
Tin 1 1 1
Phosphorus 800 650 650
Boron 0 0 14
Magnesium 650 9 7
Vanadium 0 0 0
Mo lybdenum 0 0 0
Manganese 0 0 0
Cadmium 0 0 0
Titanium 0 0 0
3 hr @ 210°F Copper Corrosion Class I Class I Class I




Table 6. Test oil additive packages.

Test 0il Viscosity Index Improver
BERC 0il Lubrizol 3702
(Dispersant Type)
2-10% (Vol.)
MORCO 0il Lubrizol 3135
(Non-Dispersant Polymethacrylate)

VIRGIN Oil* Lubrizol 7013

(Poly Ethylene-Propylene)

8% (Vol.)

Multipurpose Additive

Lubrizol 4462

6.8% (Vol.) of Base Stock
Hitec E-703
6.7% (Vol.) of Base Stock

Lubrizol 4454-E

6.7% (Vol.) of Base Stock

*i.e., Mid-Continent Crude.
= 70.8% High V.I. Solvent Extracted 100 Neutral Base.
= 14.8% 150 S.U.S. @ 210°F of Bright Stock.

71
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were then placed on the vehicle to guard against the use of incorrect
0oil. A log book was placed in each vehicle to record gas consumption,
unusual driving conditions, repairs, oil samples, changes, etc. The
drivers and mechanics maintained excellent records in these books, and
summary information was reported to Iowa State University at the time
an oil sample was taken. The log books in the field were periodically
inspected by test supervisors.

0il drain samples were taken at 4,000, 8,000, or 10,000 miles,
depending on the specifications for that particular vehicle. The
vehicle was driven for 30 minutes to insure a hot oil sample that mini-
mizes fuel dilution. The o0il was then drained into a clean pan used
only for test oils, thoroughly mixed in the pan, and two one-pint
samples were obtained. One of these samples was labeled and stored at
the site and the other was labeled and mailed to Motor Oils Refining
Co. for analysis. The results of these analyses are reported in
Appendix A. Standard ASTM analytical methods (Table 7) were used.

Those vehicles on 8,000 or 10,000 mile oil drain intervals were
monitored by means of dipstick samples taken at 2,000 mile intervals
for the first oil drain period. This provided a means of preventing
possible engine damage resulting from unsatisfactory oil performance
at these extended drain intervals.

These intermediate samples were obtained by means of a suction
gun fitted with tubing that was inserted through the dipstick hole.
The length of tubing was premeasured, and an end and side hole in the
tubing was provided in order to get a representative sample.

Following a satisfactory period of oil performance at 8,000 and
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Table 7. Used oil analyses.

AST™
Laboratory Analyses: Designation Spectrographic Analyses
Flash, °F D-92 Lead Sodium
Viscosity, @ 100°F D-445 Copper Calcium
Viscosity, @ 210°F D-445 Iron Barium
Viscosity Index D-2270 Aluminum Zinc
Benzene Insolubles D-893 Chromium Phosphorus
Pentane Insolubles D-893 Tin Magnesium
Total Acid Number D-664 Vanadium Manganese
Total Base Number D-664 Molybdenum Cadmium
Fuel Dilution D-332 Nickel Titanium
Antifreeze Boron Silver
Water (on selected samples) D-95 Silicon




17

10,000 mile drain intervals, the Matador wagons (Table 1), which were
originally sampled every 4,000 miles, were switched to 8,000 mile drain
intervals. This helped conserve a limited supply of BERC oil and pro-
vided increased stress on the oils. Hydraulic oil samples were taken
(concurrently with oil drain samples) from the hydraulic reservoir,
which was specially fitted with a standpipe/petcock sampler.

This fleet test terminated when the Iowa DOT dismantled 12 engines
and Southwest Research Institute personnel performed deposit ratings.
The ratings included a visual rating of sludge and varnish accumulation

and observations of rust and corrosion.
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4., FLEET OPERATION DATA

4,1, Introduction

The comparative analysis of re-refined and virgin lubricating oils
in this fleet test includes: comprehensive laboratory analyses of oil
drain samples; laboratory analyses of hydraulic oil samples; engine wear
measurements on 12 vehicles selected for teardown and inspection; and
sludge and varnish (deposit) ratings on the 12 vehicles.

It should be emphasized that the vehicles involved in the fleet
test are operated under a variety of conditions which may range from
high speed/high load to stop and go with high idling time. No attempt
has been made to segregate the used oil analyses, wear measurements, or
deposit ratings according to specific driving conditions.

Duplicate oil samples that were analyzed by Faber Laboratories of
Chicago gave acceptable correlation with MORCO results. All laboratory
data reported is from MORCO Laboratories.

The Chevrolet Malibus (Table 4) were operated on the re-refined
MORCO oil to assess the effect of switching from a virgin to a re-
refined oil. The data, obtained from 4,000 mile oil drain samples,
displayed no distinguishing trends related to the switching of oil types,
and yielded no additional information to the data obtained from the
Matador wagons at a 4,000 mile oil drain interval. All vehicles performed
satisfactorily with no engine problems or repairs. Therefore, the Chev-
rolet Malibus' data will not be analyzed further. Laboratory analyses

of the oil drain samples are provided in Appendix A.
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The comprehensive analysis of laboratory data from the oil drain
samples includes a discussion of o0il consumption, wear metal concentra-
tions, total base number, viscosity, pentane insolubles, water concen-

trations, oil additive metals, and fuel additives.

4.2. 0il Consumption

The number of quarts of oil added per 1,000 miles during each vehic-
le's oil drain period is plotted as a function of mileage in Figs. 1, 2,
and 3. The consumption of MORCO oil is somewhat higher than that of the
BERC or VIRGIN oil, as shown in Fig. 1. Similar conclusions can be drawn
from data presented in Fig. 2 for the Dodge pickups. The oil consumption
data of the Ford trucks shown in Fig. 3 is scattered and inconclusive.

Furthermore, in Fig. 1 the first 24,000 miles represents a period
of 4,000 mile oil drain samples, while the remaining samples were taken
roughly every 8,000 miles. O0il consumption per 1,000 miles is relatively
steady, although an increasing trend can be seen in the 40,000 to 50,000
mile region. This may be a function of the oil drain interval or simply
of the mileage.

Generally, the oil consumption rates were higher for the MORCO oil
than for the other test oils. 1In the Matador wagons the mean MORCO,
VIRGIN, and BERC oil consumption rates were 0.62, 0.35, and 0.17 qts/1000
miles respectively. A similar trend was noted in the Dodge pickups,
where the mean MORCO oil consumption rate was 0.60 qts/1000 miles and
the VIRGIN oil was 0.43 qts/1000 miles. However, the mean oil consump-
tion rates in the Ford trucks showed the opposite trend (a mean MORCO oil

consumption rate of 1.0 qts/1000 miles and a mean VIRGIN oil consumption
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rate of 1.2 qts/1000 miles. The oil consumption rates of vehicles in-
volved in the tear down and inspection corresponded favorably with the
remainder of the fleet.

Results from the gas chromatograph boiling point distribution of
the three test oils (performed by SwRI personnel) indicate that the
volatility of the MORCO oil does not account for the observed higher oil
consumption. Table 8 contains the GCBP distribution data.

The BERC o0il is the least volatile, while the MORCO and VIRGIN oil
volatility is very similar (with the MORCO oil being slightly higher).
Therefore, the BERC 0il would be expected to have the lowest volatility-
related oil consumption.

0il consumption was substantially higher in the Ford trucks than
in the rest of the fleet. 1In fact, Vehicle A20386, using VIRGIN oil,
was dropped from the test because of excessive o0il consumption. New

rings were installed but consumption remained high.

4,3. 0il Analyses

4,3.1. Wear Metal Concentrations

Quantitative comparisons among the test oils on the basis of wear
metal (Fe and Pb) concentrations are impaired by the variability in oil
consumption. The lack of adequate compensation for wear metals produced
and lost during a given o0il drain interval prevents a rigorous material
balance on these components.

Several correction factors were proposed to compensate for the oil

consumption variations, and varied simplistically with the number of
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Table 8. Gas chromatographic boiling point distribution data.

wt % off @ °C VIRGIN 0il MORCO 0il BERC 0il
1 319 308 337
5 351 349 388
10 366 369 403
20 384 394 421
50 424 445 455
90 570 531 525

Residue, wt % 7 4 4
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quarts of oil added during the drain interval. For example, a correction
factor, alpha, equal to one plus the ratio of the number of quarts of oil
added to the total oil capacity (5 quarts in most cases) is proposed.
Figures 4, 5, 6, and 7 illustrate the effect of alpha on the iron and lead
concentrations (PPM) as a function of the oil drain interval (ODI) in
the Matador wagons. A comparison of Fig. 4 with Fig. 5 and Fig. 6 with
Fig. 7 demonstrates that no significant improvement in the spread of the
data is noted. Similar conclusions were drawn from data plotted using
other types of functional relationships. Therefore, we will compare the
three oils using the iron and lead concentrations directly and overlook
effects resulting from oil consumption.

Although the data is scattered, little difference is noted among
the test oils for the iron concentrations at a 4,000 mile ODI. At 8,000
miles, however, MORCO oil iron concentrations are significantly lower
than the VIRGIN oil concentrations. Similar plots using a limited quan-
tity of data obtained from the other three types of test vehicles yield
no additional information.

Extremely high lead concentrations were reported in the Ford trucks
that used leaded fuel. According to Fig. 8, lead levels varied from 1%
to 3% at a 4,000 mile ODI. Similarly, iron concentrations (Fig. 9) were
generally higher than those of other vehicles and ranged from 100 PPM to
1,200 PPM. MORCO oil iron concentrations were generally higher than the
VIRGIN o0il concentrations, whereas the lead concentration trends displayed

an inverse trend (MORCO lead levels lower than the VIRGIN levels).
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4.3.2. Total Base Number (TBN)

Assuming that the TBN should remain above 1.0 throughout the oil
drain interval, the additive level in the BERC and VIRGIN oils might be
somewhat low for 8,000 mile drain intervals, as shown in Fig. 10. The
VIRGIN TBN lies primarily below 1.0 and in some cases is equal to zero.
The MORCO and BERC oil TBNs, however, are significantly higher. The
BERC TBN on a majority of the 8,000 mile ODI samples also lies below 1.0.

The relatively low VIRGIN TBN and the trends indicated above can be
accounted for by comparing the original TBNs of the three oils. As we
might expect, the MORCO TBN is highest and equal to 5.43, while the

BERC and VIRGIN oil TBNs are 3.92 and 3.33, respectively.

4.3.3. Viscosity

Figure 11 presents the viscosity at 100°F as a function of ODI for
the Matador wagons. The data shown have not been corrected for fuel dilu-
tion effects that lower the measured viscosity from its '"actual" value.

In fact, the variation in the percent fuel dilution from sample to sample
(0% to 2%) makes it very difficult to obtain sound comparisons of the

test oils using the viscosity. Hot engine oil drain sampling is essential
in minimizing fuel dilution, especially during winter months, and was
utilized during this test. Therefore, we will investigate only the
general trends in the data of Fig. 11.

At the 4,000 mile ODI little difference can be seen among the three
test oils. Similarly, the viscosity values at 8,000 miles for the test
oils lie in the same region, although nearly half of the VIRGIN oil points
lie significantly above it. Generally, the 4,000 mile ODI viscosity

values lie between 310 SSU and 425 SSU, whereas the 8,000 mile ODI
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viscosity values vary primarily from 340 SSU to 500 SSU. The unusually
high VIRGIN viscosity data at an 8,000 mile ODI range from 600 to 1,000
SSU. Apparently, the VIRGIN oil has a slightly higher tendency to thicken
at extended o0il drain intervals (8,000 miles) than do the other test oils.
Data from the Dodges are very scattered and show no obvious differ-
ences from the wagons. On the other hand, the Ford truck viscosity data
(Fig. 12) demonstrate the depression caused by fuel dilution, which was

high for the trucks.

4.3.4. Pentane Insolubles

The level of pentane insolubles (PI) in all test oils operated in
the Matadors and Dodges was very low. Figure 13 compares the PI concen-
trations in the Matador wagons with the ODI. A majority of the data lies
below 0.87%. No significant difference among the oils is apparent. How-
ever, some MORCO and BERC points lie above 1.2%. In the Dodge pickups
(Fig. 14) the MORCO oil PI levels appear consistently higher than the
VIRGIN oil data, although the data are quite scattered.

Substantially higher PI levels are reported in Fig. 15 for the Ford
trucks. MORCO oil values varying from 3.5% to 6.2% are not uncommon.
Approximately half the VIRGIN oil data lie far below the MORCO data
region. Figures 14 and 15 illustrate the consistently lower VIRGIN oil

PI levels as compared to the MORCO oil data.

4.3.5. Water Concentrations

To assess the effect of a cold weather test on the degree of water
contamination of these oils, various duplicate oil drain samples were

analyzed using the ASTM D-95 (HZO by distillation) technique. Figure 16
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presents the percentage of H,O in the samples that were taken from

2
September 1975 to April 1977. The data generally lie between 0.1%
and 0.27%, regardless of the date or the type oil. This is evidence

that under the driving conditions experienced by these vehicles, water

contamination is not a serious problem.

4.3.6. 0il Additive Metals

During the last year of this fleet test, numerous MORCO and a few
VIRGIN o0il samples contained abnormally high calcium and magnesium con-
centrations. In some cases, these concentrations were 207 to 50% higher
than the original values. Several oil samples were taken from the
original lot of 0il used by the vehicles that showed this trend. Labora-
tory analyses indicated normal concentration levels of these metals.

Figure 17 relates the calcium concentrations of the three test oils
to the date of the sample. MORCO and VIRGIN concentrations drop from
the normal values during the first year, then suddenly increase to

above the new oil levels.

4.3.7. Fuel Additives

In addition to an increase in the calcium and magnesium concentra-
tions, manganese levels rose progressively. Manganese is a constituent
of the antiknock fuel additive Methylcyclopentadieynl Manganese Tri-
carbonyl (MMT). A plot of manganese vs. date (Fig. 18) illustrates this

result.
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