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Oil the News that’s Fit to Print!

It's been a while since our last

newsletter; we’ve been too busy to send
T B N a n d TA N one out! We spent all of January

working Saturdays to catch up and our

Part 2: Turning up the heat! turnaround time has returned to normal.

We apologize for being so behind!

by Suzanne Herman

In our last newsletter, we did a deep dive on the science behind the Total Base Number (TBN) and Total Acid
Number (TAN), and what information we can (and can’t) glean from these tests. Go back and check that one out if
you missed it. For this article, we went into the lab for a more hands-on approach, and encountered a few surprises

along the way. Let’s roll up our sleeves and start experimenting!

How Does Heat Affect the TBN?

We know a variety of factors impact the acidity of engine oils, but we wanted to
isolate just one variable to measure its impact. Heat was the obvious choice, for
two reasons. First, overheating is a common problem, and we often find increases
in wear, viscosity, and insolubles after even brief overheats, so clearly heat causes
the oil to change. Second, heat is pretty easy to replicate in a laboratory setting.
So we broke out the hot plate and got to work!

We took three samples of Rotella T 15W/40 and tested oil at three different
temperatures:

- 212°F (normal operating temp)

- 302°F (upper end of most oil temp gauges)

- 392°F (a temperature your oil hopefully never sees, at least not for long!)
After reaching the target temperature, a portion of each sample was removed at 2-
hour intervals throughout the 8-hour work
day. It would have been nice to continue
past 8 hours, since that’s really not very long
in the oil analysis world, but fear of burning
down the lab kept us in line. And once we
took the first 392°F sample (see Image 1),
our fears were vindicated.

alone caused the oil to darken over time, and

Image 2: Four samples of Rotella T 15W/40 after 8 hours at various

Image 1: Melted sample
bottle. To our great
surprise (and momentary
panic) we learned our
sample bottles melt at
392°F!

The most obvious change we noticed was color. Image 2 shows that heat

you can even sec a color

change between 302°F and 392°F, in Figure 3 below. So something is
definitely happening as the oil gets hotter, but does it affect the TBN?

temperatures. From left to right: Unheated (room temp), 212°F, 302°F, and

392°F.
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212°F

The three pictures in Image 3 were taken once each

302°F

392°F

sample reached its target temperature. Note the

darker color, bubbles, and vapor coming off the oil in

the third photo at 392°F. You can also see the
sample volume increase as the oil expands with
increasing temperature.

Once all the samples were collected, we tested the
TBN, TAN, and viscosity, with the results shown
in Figure 1. Eight hours at normal operating
temperature had virtually no impact, and even at a
relatively high 302°F, the TBN only dropped
slightly over time. At 392°F, however, the TBN
took a nosedive. By the 4-hour mark, it was
already down to 1.8 — low enough that we
wouldn’t suggest running the oil any longer —
and it kept going down from there.

Even though this is a small sample size, the data
clearly shows that high temperatures do cause the
TBN to drop more rapidly, and the effect is more
pronounced as time passes. Heat is far from the
only factor impacting active additives out in the
real world, where the oil also has to deal with the
negative effects of friction, contamination, and

fuel blow-by, just to name a few. But it doesn’t seem farfetched to think some of the damage from overheating
could be linked to a diminished capacity to neutralize acids, so the TBN might be worth tracking in those

instances when oil temps end up off the charts.

Surprising Finds

It’s worth noting that the TBN fell without throwing the viscosity out of whack — even the 8-hour sample at
392°F, the only one that ended up obviously thicker, was still within the normal range for 15W/40 (12.7 to 15.8
cSt at 212°F). We typically associate a thicker viscosity with “heat damaged” oil, but except in

Figure 1
Figure 1: Effect of Heat Exposure
on Acidity of Shell Rotella T 15W /40

[ETER ETE Approx. Viscosity
°c °F | Hours | TBN | TAN | cStat100C

Room Room 0] 8.7 2.5 14.28
100 212 2 8.5 2.7 14.45
100 212 4 8.6 2.7 14.03
100 212 6 8.6 2.7 14.47
100 212 8 8.5 2.7 14.65
150 302 2 8.1 2.7 14.85
150 302 4 6.3 2.7 14.53
150 302 6 5.9 2.6 13.97
150 302 8 5.2 2.6 14.85
200 392 2 2.5 1.4 14.45
200 392 4 1.8 1.4 14.17
200 392 6 LS 1.5 14.06
200 392 8 ikl 1.8 15.3
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extreme circumstances, it looks like that
viscosity increase is likely due to other factors,
like high friction causing a breakdown of
viscosity-improving additives, rather than just
the heat itself.

Another surprise was that the 392°F samples
also had a noticeably lower TAN reading. If
you remember from the previous newsletter,
the TBN tends to go down the longer the oil is
used, and the TAN tends to increase, so at first
this seems like a really weird result. What’s
going on here?

Well, it’s important to remember that the TBN
and TAN tests technically measure two
different things. The TAN is a measure of how
acidic the oil is, while the TBN measures the
oil’s capacity for neutralizing acids. It appears
that the excess heat has caused a chemical
reaction that caused the oil to become less
acidic while at the same time reducing the oil’s
capacity to neutralize acids, likely by
damaging the TBN-boosting additives or
causing them to fall out of suspension.



If this were a real used oil sample, acids would also be building up due to the other factors in the engine we
mentioned above (contamination, blow-by, etc.), causing the TAN to increase. But since this was a controlled
experiment where heat was the only variable, that didn’t happen here.

A Colorful Surprise

Before we end: a mystery! While we researching this article, we got
curious about Aeroshell 100 Mineral oil. In theory, this type of oil
shouldn’t have any additives at all (the normal additives in automotive oil
can cause catastrophic detonation in aircraft engines), so we wanted to
confirm that this oil would start out with a 0.0 TAN (it did) and a low TBN
(also true at 0.0).

What we weren’t expecting was for the titration solution to turn bright
purple! Usually samples stay evenly light yellow throughout testing, but
once the basic solution (potassium hydroxide and isopropyl alcohol — the

Image 4: We’re not sure why it ~Bruce” from Part 1) was added to this sample, the color drastically
turned purple, but it sure is changed. A few minutes later, it began changing back to yellow and you
pretty! can see that process beginning in Image 4. This made us even more

curious, so we found a bottle of Aeroshell W100 (which does have some
ashless-dispersant additives) and measured its TAN and TBN as well. They were 0.0 and 0.2, respectively. And lo
and behold, this sample took on the same cheery magenta once the basic solution was added.

We aren’t sure why this happened, but we have a guess. Phenolphthalein is a pH indicator used in some other
sorts of acid-base titration. It turns purple in basic solution, in the same way litmus paper turns blue.
Phenolphthalein won’t show up in our spectral exam, since it’s made of the same elements as oil (C;0H;40,), but
maybe it or another pH-sensitive substance is present in these oils? We’re not sure! If you know the answer, we’d
love to hear from you at bstone@blackstone-labs.com.

Answering the question!

So, back to the main question — Do you need a TBN or TAN? The results of our experiments suggest that these
tests can be helpful, especially if your engine oil got much hotter than it should. If you’re not having a problem
with temps though, the main reason to get a TBN is what we discussed in Part 1 — seeing if the oil can be run
longer.

In either case, the TBN or TAN readings provide additional data points, but they don’t replace the information on
wear levels and physical properties found in the standard oil tests. Whether you’re concerned about heat damage
or just looking to run a few thousand miles longer on the next oil, we look at all of the data to answer your
questions and give you a complete picture of the engine’s health.
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https://en.wikipedia.org/wiki/Carbon
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Report of the Month
This 2014 Ram 1500 had a problem. What was it?

LABOR A TORIES) To learn where the elements are coming from,
click here and scroll down.

MAKE/MODEL: VM Motori 3.0L DOHC V-6 EcoDiesel OIL TYPE & GRADE: Mohil Delvac 1 ESP 5W/40
FUELTYPE: Diesel OILUSE INTERVAL: 1,762 Miles
ADDITIONAL INFO:

UNIT

DAN: This sample is a really good reminder about how much "stuff" (metal, contamination) carries over in
the engine when you do an oil change. There's still a little extra potassium in your Ram's engine oil, and
we're pretty sure it's just lingering from before the EGR work was dene. This could be a slight ohgoing
problem, we suppose, but given what we know about the carryover stuff, we kind of doubt it. Wear locks a
whole lot better and is still progressing too. If you want to run this cil a little longer, you probably could. But
the safer bet would be to drain it.

COMMENTS

MI/HR on Qil 1,750 8,000
MIZHR on Unit ot 133.560] 131,500 UNIVERSAL
Sample Date 11/28/20 21 [Nt 6/3/2021]  3/23/2021 AVERAGES
Make Up Qil Added 0 gts 0 gts 0 gts
g ALUMINUM 4 4 5 18 &
il CHROM UM 0 0 1 3 1
—8 IRON g g 13 55 23
=l COPPER 1 1 2 5 2
R LEAD 0 0 0 0 0
N TIN 0 0 0 0 0
<3l MOLYBDENUM 41 41 1 6 17
(vl NI CKEL 0 0 0 1 0
Sl MANGANESE 0 0 0 1 0
4 SILVER 0 0 1 1 1
; TITANIUM 0 0 0 1 1
'E POTASSIUM 132 132 488 2073 13
Tl BORCN o7 g7 g 31 g4
E SILICON 10 10 24 14 11
THSODIUM 10 10 42 148 g
CALCIUM 1126 1126 2044 1924 1747
MAGNESIUM 807 807 21 a7 240
PHOSPHORUS 1077 1077 883 580 g11
ZINC 1243 1243 G55 1030 1047
BARIUM 0 0 0 0 0
Yalues
Should Be*
SUS Viscosity @ 210°F G8.6 B6-78 74.5 73.5
¢St Viscosity @'1 00°C 12.58] 11.8-15.3 14.13 13.97
%W Flashpoint in “F 475 =410 445 450
g Fuel % <0.5 <20 <(0.5 <0.5
[Vl Antifreeze 9% POS 0.0 0.08 0.30
al Vater % 0.0 <01 0.0 0.0
8 Insolubles % 0.2 <0.6 0.2 0.3
W TEN
TAN
150 Code

As Luke referred to in his comments, Chrysler recalled some 2014-2019 Ram 1500s for an EGR cooler problem that causes
a coolant leak. After receiving his first report in March 2021, the owner wrote in: “Thank you very much for the in-depth
analysis. | got the truck to the dealership and they found that the EGR cooler was bad, and replaced it. They said it was full
of coolant!”

His subsequent reports show this Ram improving significantly. The level of coolant drops in his next two samples, and wear
levels come down to normal levels. Engine saved!
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