LUBE OILS - VERSION 2012
By Robert Patton and John Martin

A New Inquiry
Last October | received an e-mail from TDR member Desmond Rees:

I am looking for supplemental information following up John Martin’s
article from Issue 57 on engine oil. The August 2007 article is
somewhat dated. With the switch to the new API requirements
for EGR/DPF diesel engines, are there plans to revisit this topic
regarding the best engine oils meeting the API CJ-4 requirement?
John’s article only looked at a handful of the CJ-4 oils and they
ranked at the bottom of the pile when compared to the previous
generation of oils. Thanks.

Desmond Rees

My response: Prior to Desmond’s letter, there were no plans
to revisit the topic. However, it has been five years and oils do
change. | will purchase and test the CJ oils and John can comment
on the data. We will see if John’s previous conclusion holds: “If
it meets a spec, it becomes a commodity. Low price can be the
purchase criteria. Change the oil based on the Owner’s Manual
recommendations.”

Thanks to Desmond for the letter.
Background Information

It seems like just yesterday that | met lube oil expert John Martin
and we collaborated on a series of articles about lube oils.

Ouch! As Desmond reminded me, “yesterday” was Issue 54 of the
TDR, which was published in December of 2006. The four-part
series that we wrote took a year to complete.

The reason behind the year-long series of articles was the
forthcoming change from lube oil category Cl+4 (an industry
specification that was implemented in 2002) to the new category
CJ. The CJ formula of oil was developed for the lower diesel exhaust
emissions engines that were being implemented starting 1/1/2007.

| wondered how the lube oil would change. John Martin was the
guy to tell me. (More about John in just a minute.)

In a lengthy telephone conversation he shared his opinion about the
forthcomming CJ lube oil specification. Bottom line: John felt that
the Cl+4 oils were some of the best to come out of the respective
refineries. In his discussions with those in the oil business, he had
formed the opinion that the new CJ oils would not necessarily be
new-and-improved.
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As | noted, the CJ formula was developed for the new lower
emissions diesel engines. From John | understood that the CJ oll
would not necessarily be new-and-improved. Without analysis of
the lube oils, | asked John what were the proposed changes from
the highly acclaimed Cl+4 to the new CJ oils. His response: “Robert,
this is a lengthy topic, but it is very important for the audience to
understand what is happening in the oil business.” So, | looked
back to Issue 54 and made a couple of tweaks to its contents. The
following is the updated text that gives you the insight that you need
to understand the Cl+4 to CJ change.

A Little Lube Oil History

Before we talk about what the additive industry and the oil
companies have done to meet the EPA’s latest directive, we need
a brief lube oil history lesson. Years ago diesels were operated
on refined crude oils containing virtually no additive chemistry. As
power density increased oil companies found they needed to add
specific chemical compounds to the oil to provide performance
attributes that crude oils couldn’t deliver. The additive industry
was born.

Traditionally, each new diesel engine oil specification was issued
because available oils couldn’t provide the lube oil performance
needed. For example, APl CE was issued to create oils which
solved an oil consumption problem in Cummins NTC-400 engines.
For fifty years each new diesel engine oil specification meant a
better performing diesel engine oil was available—all the way from
API CD to API Cl+4.

Today diesel engine oils look like the example shown in figure 1.
From 20 to 30% of modern diesel engine oil is additives designed
to improve performance in key areas. These additives are carefully
engineered mixtures of compounds formulated to pass the various
diesel engine tests which define a new lube oil specification like
the Cl+4 or the new CJ.

Typical Diesel Oil Composition

» Base Oils: 69-80%
* Performance Package  15-20%
 Viscosity Modifier: 5-10%
» Pour Point Depressant 0-1%
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TECHNICAL TOPICS ... . continued

Pour point depressants are used to keep the oil fluid at very low
temperatures. (They inhibit wax crystal formation.) Viscosity
modifiers are used to make the oil thin out less as it is heated.
This makes an oil which we call “Multigrade” and it simply means
the multigrade oil acts like a thinner oil at low temperatures and a
thicker oil at high temperatures. Multigrade diesel engine oils were
a key part of the solution to the excessive oil consumption problem
addressed by API formulation CE.

The performance additive package (see figure 2) is a mixture
of 8-12 specialty chemicals, each of which is intended to impart
specific properties to the oil's performance. The important thing
to remember here is that most additive chemicals (particularly
detergents) deplete or wear out in service. This is one of the reasons
why the oil must be changed. Life was good.

Typical Diesel Oil Performance Package

- Oxidation Inhibitors
Retard Oil Decomposition
Slow Deposit Formation

* Detergents

Neutralize Combustion
Acids

Minimize Wear
Inhibit Rust Formation
Oxidation Inhibitor

- Anti-Wear Agents
Create Sacrificial Film

Between Metal Parts
- Dispersants
Prevent Agglomeration
of Soot Particles

Suspend Contaminants
in Oil

Minimize Valve Train Wear

» Foam Inhibitors
Prevent Oil Foaming

What Did the EPA Do To Us/Why Do We Need CJ-4 Oils?

First, let’s discuss why this new oil was developed. The EPA
tightened their exhaust emissions thumbscrew on diesel engines
starting January 1, 2007, to reduce particulate matter (PM) and
oxides of Nitrogen (NO,) emissions even further. To meet those
requirements most diesel engine manufacturers resorted to the use
of diesel particulate filters (DPFs). A DPF differs from the catalytic
converters we have used for years on gasoline engines in that a
DPF actually filters the entire diesel exhaust stream.

On the surface you wouldn’t think this would be a big deal—
Europeans have been using DPFs for years. The difference is
that Europeans don’t accumulate mileage like Americans and they
will tolerate much more frequent service intervals. Our EPA has
decreed that the new DPFs must go 150,000 miles before needing
removal for cleaning. This means the soot collected in the DPF
must be burned off in the exhaust system frequently if trap life is
to exceed 150,000 miles without removal and cleaning.

Now, don’t take me wrong—I'm for a cleaner environment like
everyone else is. The problem with the EPA is that they just decree
which emissions will be reduced without once considering the cost,
the technology needed or its effect on your operation. They refer
to that as “Technology Forcing Legislation.” In the case of diesel
engine oils, the EPA forced the adoption of a low-sulfate ash,
phosphorus, and sulfur (low SAPS) oil whose technology hasn’t
yet been proven extensively in the field.

| don’t have to tell you that diesel exhaust is relatively dirty. It
consists of lots of soot (That's what turns your oil black!) and
unburned residues from both the fuel and the oil. Sulfur in the fuel
can significantly hamper DPF performance. That’s why the ultra low
sulfur diesel (ULSD) fuel was implemented 1/1/2007. Phosphorus and
sulfur in the lube oil can shorten DPF cleaning intervals considerably.
Phosphorus (P) can “glaze over” and plug the tiny holes in the DPF,
making the openings effectively smaller and quicker to plug. Sulfur
(S) can “mask” the DPF, making it temporarily less effective. Sulfated
Ash (SA) in the lube is thought to build up deposits on the DPF over
time. These deposits that originate from diesel fuel and lube oil then
make the DPF effectively smaller and quicker to plug.

What does this mean to you?

Low P means the Feds placed a limit on the amount of
Zincdithiophosphate (ZDP) additive which can be utilized. ZDP is
the most effective oxidation inhibitor and anti-wear agent currently
available. Additive manufacturers are now forced to use more
expensive and less effective ashless oxidation inhibitors and anti-
wear agents.

Low S means the new oils can’t rely on some of the least expensive
Sulfur-based oxidation inhibitors used in the past. And, once
again, many of the new ashless oxidation inhibitors haven’t been
thoroughly field proven in heavily loaded trucks. Low S also means
more highly refined base oils, which is a positive thing. Average
base oil quality is now significantly improved.

Low SA (less than 1 percent weight) effectively places a limit on the
amount of detergent which can be used in these oils. But diesels
love detergents. In over 25 years of inspecting various diesel
engines in the field, I've yet to see one which didn’t perform better
on oils with higher levels of detergency.

So, What Oil Should | use?

If you have a diesel engine equipped with a DPF, you should
probably use API CJ-4 oils. You really don’t have a choice unless
you want to clean your particulate trap more frequently. Pay
particular attention to oil change intervals.

| know that the major oil marketers are telling their customers
that CJ-4 oils are backward compatible (you can use them in
pre-2007 engines), and that is somewhat true. But if you use less
detergent in an oil, your oil change interval should be shortened
accordingly. Oil marketers don’t care if you have to change your
oil more frequently—in fact, they love itt Remember oil companies
are really in the business of moving as much base oil as possible.
They love short oil change intervals.

In closing, remember to change your oil as frequently as possible,
so we all can generate some more profits for those poor oil
companies.

John R. Martin
TDR Writer
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More About the Previous Series of Articles

Way back in Issue 54 | asked John how we might test the Cl+4
oils and the new CJs. His response: “That’s easy: You spend the
$25 for a complete oil sample evaluation. Be sure the test includes
total base number (TBN) and viscosity—and send me the results.
Don’ttell me what is what. Let’s see if there is an obvious difference
and let’s see who makes the best lube oil(s). Who knows what we
will find. Will purchasing a lube oil be as easy as purchasing a
commodity? You know, as long as it meets a specification then it
is ‘good,” therefore you can shop for your lube oil based on price.”

Answers to these questions gave me the basis for an excellent
article. So, the oil analysis kits were purchased, $25 x 22 kits
($550) and | went on a shopping spree for oil, $15 x 22 oils ($330).
A cool $880, just so John and Robert would know about lube oils.

Earlier | stated that John was the oil expert. Prior to retirement he
was an engineer at Lubrizol, one of the companies that makes and
sells the additive packages to the oil manufacturers. And, at John’s
stage in life, he wasl/is not beholden to anyone in the industry.

So, what conclusions could one draw from the year-long Martin
and Patton examination of 22 different diesel lube oils? I've talked
to many TDR members about the series of articles and each one
has shared with me their own unique conclusion. Didn’t we all read
the same article?

| have often stated that, “changing a person’s opinion about lube oils
is like trying to change their opinion about religion. It is not going
to happen.” My take-away from the year long, $880 expenditure
(oops... perhaps John Martin has brainwashed me) is as follows:

Back in 1999, it took a series of oil analyses samples before | was
comfortable changing my 3,000 mile change-the-lube-oil/guy-
on-TV mentality. Then again, it took a series of 22 oil samples to
change my mentality concerning lube oil by brand name versus
lube oil as a commaodity.

I’'m on the same page as John Martin; if it meets the specification
you can purchase oil like a commodity. Change the oil based on
the Owner’s Manual recommendations.

LUBE OILS — VERSION 2012
Questions for 2012

So, the long answer to Desmond Rees has thus far taken 2.5
pages! However, | felt the background data was necessary before
we just jumped into “Lube Oils—Version 2012.” The following are
the questions | wanted John to help me answer:

Q1 Could I find the good stuff, an old Cl-4 specification oil?
Q3 Who has the best “John Martin” oil for 2012?

Q2 How would the CJ-4 oils blended today compare with the same
oil that we sampled back in the summer of 2007?

Q4 What has changed in the world of John Martin in these past
five years?

The Oil Analysis for 2012

As mentioned, back in 2007 we tested 22 different brands of lube
oils: everything from Amsoil to Walmart; Caterpillar to John Deere;
Red Line to Liqui Moly. The prices ranged from low of Walmart’s
Super Tech at $7.68 per gallon to the high of Red Line Diesel
Synthetic at $35 per gallon. If you want the complete list of CI-4
plus and CJ-4 oils that were tested you'll want to look back at Issue
58, pages 52 and 53.

Why 22 oils back then and only 10 oils for 2012? Remember my
comment about lube oils, religion and the change of opinion? Well,
my opinion has been changed! How so? A look back at Issue 56
gives you some insight into my mindset prior to the testing of the
22 lube oils. Here is the recap:

“When new lube oil is analyzed you can get a good idea of the
quality of the additive package that, as learned from Martin’s
experience, makes up 20-25% of the lube oil blend. Maintaining
viscosity at higher temperatures, maintaining high alkalinity (total
base number); and protecting against wear with the right blend of
molybdenum, zinc, phosphorus and boron are important lube oil
attributes. Readings for calcium are a way to measure dispersion
detergency.

“In the blind-sampling-from-the-bottle done by Trailer Life magazine
in January 2005, | was greatly disappointed to see that Walmart
Super Tech 15W40 diesel oil stood toe-to-toe with other very
respected brand names.

“Why disappointment? First, consider what John Martin said,
‘Consequently there is less and less difference between engine
oil that barely passes the API certification test and one that is
designed to pass by a significant margin. Therefore, oils meeting
a given performance spec are approaching commodity status.’

“Second, | am not a big fan of Walmart. | could go into a long tirade,
but I will refrain.

“Third, for all of my vehicle ownership years (let’s see, that is about
37 years) had | been duped? Had I fallen for the marketing hype?
| did not want to believe that lube oil is just a commodity. Yet the
Trailer Life grid did not lie.”

What story did the forthcoming TDR grid tell?

Had I fallen for the marketing hype?
I did not want to believe that
lube oil is just a commodity

The previous 22 brand oil test did give me an education. For 2012
| did not feel the need to test every lube oil in the marketplace.
As a matter of fact, | only went to two places for the various oils,
Autozone (where each oil was priced at $17.99) and Walmart. The
following is the blind sampling data:
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Lube Oils — Version 2012

c
S| .
2| 8
o -
2| ® e | & g
o > 3 o g
Py = o < °
e o - 2 2 o 2
Product Identification Chart £ o > g o >
(7] ] [= [e]
Item Product Viscosity Price ®» S = T N =
1 | Mobil 1 (Syn) 5W40 $26.33 1 | 141 | 884 | 1050 | 777 | 975 | 1110 | 82 | 0O
2 | Motorcraft 15W40 20.99 2 | 155 | 817 | 2183 9 1053 | 1152 | 3 1
3 [ Walmart 15W40 10.97 3151|869 | 1135 | 783 | 1020 | 1172 | 0 | 40
4 | Mobil Delvac 15W40 17.99 4 | 147 | 927 | 1299 | 837 | 941 | 1069 | 64 | 48
5 | Chevron Delo 15W40 17.99 5 | 165 | 819 | 1412 | 395 | 1084 | 1250 | 503 | 89
6 | Valvoline 15W40 17.99 6 [ 155|915 | 1171 | 970 | 1088 [ 1202 | 0 | 43
7 | Shell Rotella 15W40 17.99 7 | 15.0 | 9.03 | 2209 10 | 1039|1156 | 35 | O
8 | Castrol Tection 15W40 17.99 8 | 151 | 9.09 | 2305 10 | 1077 | 1169 | 58 | O
9 | Warren 15W40 14.99 9 (155 | 87 | 1134 | 787 | 1017 | 1169 | 0 | 40
10 | Shell Rotella (Syn) 5W40 27.99 10 | 143 | 922 | 770 | 1119 | 994 | 1171 | 60 | 58

And now, the answers for Lube Oils — Version 2012:
A1) | could not find any CI-4 lube oil.
A2) I'll turn this answer over to John Martin. John'’s response:

Robert and TDR audience, remember my often-used statement,
“Diesels Love Detergents”? It appears from the oil analysis data
that Samples 4, 5, 6, 7, 8, and 10 all have total base numbers (TBN)
in excess of 9, which suggests to me that these oil marketers are
trying to provide as much TBN as possible given the 1.0% weight
sulfated ash limitation imposed by the API CJ-4 specification. They
are doing this to satisfy those fleets whose oil change intervals are
based on TBN depletion.

Samples 2 and 5 have the least amount of detergency of the oils
tested. Sample 5 uses either a borated detergent or a boron-
containing oxidation inhibitor. Borated detergents are thought by
some to be more effective than traditional detergents. It is also
possible that data in the last two columns for sample 5 has been
transposed. (Editor’s note: the 503 and 89 numbers are as
printed by the lab.)

My field test experience has taught me that calcium (Ca) detergents
are more effective than magnesium (Mg) detergents, so, to answer
question 2, “Who has the best oil for 2012?” | think oils 7 and 8
would be the best of the oils you surveyed. Qils 4, 6, and 10 also
have high TBN values for CJ-4 oils, but they depend heavily on
magnesium detergents, so | don’t think they would yield diesel
performance as good as oils 7 and 8.

QOils 1, 4, 5, 7, 8, and 10 all contain boron, but I’'m certain that the
additive chemistry in sample 5 is different than the others (or the
last two columns of data for sample 5 have been transposed). Boron

oxidation inhibitors are evidently being utilized to improve the high
temperature performance of these CJ-4 oils.

Now, if you allow me to look at the number-to-product identification
report | can tell you that oil 5 has been completely reformulated,
and | know why. Chevron Delo 400 is the most widely used oil in
big trucking fleets. When CJ-4 came about, fleet operators told
Chevron they preferred the old Cl-4 oil, particularly when they found
out that Chevron was going to ask more money for their CJ-4 oil.
Neither Chevron nor the fleets would budge off their positions, and
big marketers like Chevron only want one oil in their distribution
systems. Chevron went back to the drawing board, reformulated,
and retested until they could pass the API CI-4 tests with a CJ-4
oil. Then they dropped both earlier oils out of their systems and
offered only the new, improved CJ-4 oil. | wonder if the big fleets
paid them more money for the new oil?

Mobil and Shell also supply a lot of oil to truckers. If you compare
sample 1 (a consumer oil, Mobil 1 synthetic) with sample 4 ((Mobil
Delvac) you can see that Mobil added more detergency to oil
4 (Ca and Mg) to give their big fleets increased TBN and keep
them happy. Fleets wouldn’t use the Mobil oil in Sample 1. The
Shell samples (7 and 10) are also very interesting. Shell is using
different additive chemistry in their 15W40 (Rotella mineral, sample
7) than in their 5W40 (Rotella synthetic, sample 10). I'm guessing
that the big fleets are mostly purchasing oil 7. | do not know why
the chemistry is so different in oil 10, other than perhaps another
additive supplier was able to pass the tests, allowing Shell to get
the credentials they desired.

So, once again, my picks are oils 7 and 8. If you religiously adhere
to your manufacturer's recommended oil change intervals, oil 3
would be the best performer on a cost per mile basis. Oils 1, 2, and
10 offer the highest cost per mile, so | would avoid them altogether.




TECHNICAL TOPICS ... . continued

A3) Now, let's compare the 2007 oils to the 2012 oils. | asked Robert to save you from
going back to Issue 58 and present a comparison chart for you.

The CJ-4 Lube QOils Tested in Issue 58 were:

Shell Rotella T 15W40
Castrol Tection 15W40
Chevron Delo 400 LE 15W40
Cummins/Valvoline Premium Blue 15W40

The following chart gives you the “Then and Now” candidates:
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$10.96 | Shell Rotella T 15.7 | 8.77 | 2488 8 1108 | 1147 | 37 2
17.99 | Same 2012 15.0 | 9.03 [ 2209 | 10 | 1039 | 1156 | 35 0
10.80 | Castrol Tection 147 | 7.74 | 2011 6 876 |1035| O 0
17.99 | Same 2012 15.1 | 9.09 | 2305 | 10 | 1077 | 1169 | 58
12.99 | Chevron Delo400LE | 15.7 | 7.82 | 1593 | 416 | 1156 | 1268 | 83 | 570
17.99 | Same 2012 16.5 | 8.19 | 1412 | 395 | 1084 | 1250 | 503 | 89
9.98 | Cummins/Valvoline | 156 | 8.42 | 1109 | 827 | 994 (1041 O 41
17.99 | Same 2012 155 9.15 | 1171 | 970 | 1088 | 1202 | O 43

Now, to compare the 2012 results to the 2007 table, it appears that Shell has dropped their
ZDP content by 10% in oil 7. Before interpreting data from this type of analysis remember
that repeatability of these numbers is no better than 10%. Looking at the data in that light,
two things could have happened in the last five years. Either the ZDP level could have been
dropped 10% to enable Shell’s additive supplier to put more detergent in the oil to increase
TBN levels, or the data is on the outer edge of the repeatability limits. When comparing
today’s Shell oils, it looks to me like Shell may be using a different ZDP than they did in 2007.

But, audience, did you notice from your 2007 to 2012 comparative data that all of the oils
cost more in 2012? Whether or not the oil marketer changed his initial CJ-4 formulation, he
has managed to use the new credentials as a vehicle to raise the selling price of their oils
significantly. As | said before, | don’t know if oil marketers are getting more for their CJ-4
oils at major fleets, but they are certainly getting more from retail consumers. (Editor’s
note: I looked back to November 2007 and a barrel of crude oil was $88, today it is
$106.) You and | get to pay for everything!

A4) What has changed in John Martin’s world in the last five years?

For one thing, | spend much more time researching alternate fuels than diesel lube oils these
days. Everyone wants to just jump into the future, be green and reduce our dependence on
foreign sources of crude oil without even considering what these moves will do to the poor
people who design the vehicles and systems that will have to make that happen.

For example, the public is finally beginning
to discover that corn-based ethanol
containing fuels (one of the worst jokes
of the modern era) are actually worse
than gasoline regarding greenhouse
gas (GHG) emissions. It has taken the
do-gooders billions of our tax dollars to
discover what they’ve been told long ago
by fuels researchers. The California Air
Resources Board (CARB), a bastion of
the most radical environmentalists in the
world, has actually had their low carbon
fuel standard (LCFS) overturned by a
Federal judge.

Secondly, remember how the do-gooders
tell us we should all be driving the Toyota
Prius (Pious)? The latest GHG emissions
research has shown that power plants
are responsible for more GHG emissions
than transportation vehicles. Where did
the do-gooders think that electricity was
coming from? Was it magic? Left-wing
environmentalists never let facts get in
the way of a good story. These are the
same radicals who are currently stalling
the Keystone pipeline project which
could bring much needed crude oil from
the North to refineries on the Gulf Coast.
After the OPEC countries, China, and
Hugo Chavez purchase all that valuable
Canadian crude, we will decide to build
the pipeline. Our environmentalists are
getting to the point where they are very
destructive. (My political rantis over. Don’t
send the editor hate mail.)

Our next new diesel lube oil spec (currently
called PC-11) will occur sometime around
2015. The Federal government recently
decreed that diesel trucks must provide
significantly better fuel economy by 2016.
The Engine Manufacturers Association
(EMA) has already asked the lube oil
industry for some improved fuel economy
(FE) oils by 2015 so they can be field
tested prior to production. Since the major
fuel economy differences are observed by
lowering oil viscosity, expect to see some
very thin (5W30, 5W20) diesel oils in 2015.
Very thin oils probably won’t work well in
current engines. (More about that in future
TDR magazines?) This, too, won’t be as
easy as the EPA activists think it will be,
but, as long as your tax money will hold
out, they will be asking you to finance this
research.

John Martin
TDR Writer
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