Diesel Additi
vs. Corrosion

S

In addition to the long-term lab tests, PS is also monitoring the performance of the top products in the field. Biobor JF, one of our
top picks against biological growth, did not perform as well against corrosion in lab testing.
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Star Tron Enzyme stands out as clear winner in laboratory comparison.

ate last year, PS contributor Drew

Frye noticed a fellow sailor practic-
ing the classic downward-pretzel boat
yoga position, trying to free a leaking
diesel tank from the bilge. It had per-
forated through from the inside-out.
The sending unit was corroded to bits.
A few days later, after sending a sam-
ple of the tank bottom water to a lab,
Frye learned that the fuel was contam-
inated with salt water, containing the
equivalent of 23 percent of the ocean
salinity.

The cause was a mystery. A leaking
filler cap? The O-ring seemed fine. Did
it come with a delivery? Cer-
tainly, local marina tanks
have gone under water more
than once, as recently as Hur-
ricane Sandy, taking some wa-
ter each time. Spray through
the vent? Possibly. The pH of
the bottom water was very
low—about 4.5 (pH 7 is con-
sidered neutral)—and that
certainly contributed to the
corrosion. The low pH could
have been caused by biologi-
cal contamination, but the
filters yielded no clear evi-
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dence. Whatever the root cause, a tank
full of normally noncorrosive diesel had
become aggressively corrosive.

Practical Sailor has tested gasoline
additives for corrosion prevention (PS,
August 2012) and found that some
performed beautifully and some actu-
ally seemed to promote corrosion. To
test, we modeled the effect of seawater
splashing into tanks through the fill
cap. We also simulated the effects of
condensation within the tank—a seri-
ous problem with E10 (fuel containing
10-percent ethanol).

Diesel fuel presents a different chal-
lenge. Unlike relatively sterile gasoline,
diesel can be a fertile breeding ground
for bacteria that can accelerate corro-
sion. Bacteria grow in the diesel and
water mixture, attach to the tank walls

- and begin digesting the tank. Severe

infections can be disastrous,
as colonies drill jagged holes
- right through the tank wall.
It can also make the diesel
go sour; high concentrations
_ of acetic acid (vinegar) have
been found at the bottom of
diesel tanks. We've found
acid levels aslow as pH 4 and

acetate levels equivalent to a 30-percent
white vinegar solution.

Could ethanol be a part of the prob-
lem? A controversial paper by the Bat-
telle research organization suggests
that inadvertent contamination of die-
sel with ethanol during transit may be
responsible for recent increases in cor-
rosion in ultra-low sulfur (ULS) diesel
tanks. Seawater remains a potential
cause. Although saltwater intrusion
seems less likely in a boat’s tank than
for a dinghy outboard, our research in-
dicated that 20- to 30-percent salinity is
common among problem tanks.

Our August 2012 article reported on
the effectiveness of common fuel addi-
tives in reducing salt-induced galvanic
corrosion in E10 fuel systems. At first,
we tested 0.03-percent seawater in E10,
and then we reduced the exposure to
0.015 percent seawater, the equivalent
of just four drops in a one-quart tank.
We let these sit with controlled ventila-
tion under normal atmospheric condi-
tions for two months and observed the
changes. This seemed like a reasonable
scenario for a dinghy outboard, and
our results neatly paralleled corrosion
found in the carburetors of small out-
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| MAKER VENTED

CONTROL
‘ SIZE NA 16 ounces NA 32ounces 16ounces 16 ounces 32 ounces 18ounces 16 ounces
| PRICE NA . ;. e g S0 58 526 $35 $55 $11
I Cost/ NA 2 cents 7Fents 11 cents 13 cents 5 cents 11 cents 3 cents 11 cents
GALLON (estimated)
CORROSION RATINGS at ONE MONTH (GROUP 1)*
BRASS 1 3 2 1 1 3 2
ALUMINUM 0 0 3 0 0 5 3
STEEL 2 3 10 0 4 10 7
CORROSION RATINGS at ONE MONTH (GROUP 2)*
BRASS 1 3 2 1 1 7 2
[SeeL. 2 3 4 0 5 0 7
| COPPER 0 3 2 0 ! 5 2
0 STEEL BOTTOM SAMPLE RATINGS at ONE MONTH*
| STEEL 3 2 2 1 3 1 2 2 2

RIS DIESEL ADDITIVES (ANTI-CORROSION)

HAMMONDS H?#xﬁgu?rsz& VALVTECT | STANADYNE| STARBRITE | GOLD EAGLE |FUELRIGHT

SEA FOAM |}

% Best Choice 1 Recommended

" Rating scale: 0, same as sealed control; 1-2, staining; 3-9, pitting; 10, heavy pitting

boards we have examined. Some addi-
tives stopped corrosion in its tracks, oth-
ers not so much, and some made it even
worse than untreated gasoline. Based on
our experience in that test, we took a
similar approach in this diesel test. (See
“How We Tested.”)

As mentioned, biological contami-
nants (“fuel bugs™) can cause corro-
sion, too, but creating a controlled ex-
periment to evaluate a product’s effec-
tiveness against this type of corrosion
is difficult. The level of corrosion will
depend greatly on the exact locations
of the colonies, and these colonies may
be widely scattered in the tank. Unless
we induced unrealistically high levels of
. contamination (to the point of clogging
filters), it would be hard to judge a prod-
uct’s effectiveness against corrosion.

In our previous tests of diesel biocide
additives (PS, July 2009), we found that
although all of the biocides were effec-
tive, some did better on one culture
and others did better on a different
culture—making it difficult to pick an
overall winner. In any case, it was clear
that products are available to combat
bacteria, which would in turn, prevent
bacteria-borne corrosion, so we felt test-
ing for this would be redundant, as well

as difficult to interpret. Instead, we fo-
cused on water,

MANAGING CORROSIVE OIL

For insight into this project, we looked
athow refiners deal with corrosion from
salt water and sour crudes. After all, in-
dustrial fuel storage tanks are nothing
special—ordinary carbon steel—and
refiners can’t afford to lose million-
dollar tanks or risk spills or fires due
to tank failure.

Linings: When corrosive crudes or
salt are expected, tanks are lined on the
floor and 6 feet up the sidewalls with
a variety of epoxy or vinyl-ester based
products. This isn’t practical as a small-
boat retrofit—it’s impossible to get the
steel ready without sand-blasting the
interior—but it is worth exploring for
new steel tanks, If
the bottom and @
sides are coated,
the risk of inter-

Sta-Bil

Corrosion inhibitors: Fuel storage
facilities will pick from a long list of
products designed for the fuels they have.
Corrosiveness is monitored through
routine sampling, and metal coupons,
used to indicate corrosion, are installed
in strainers and other easily accessed
points. A polished washer made of the
same material as the tank placed in an
oil-water separating filter might be a
good way for a sailor to keep tabs on his
fuel.

Tank inspection. Spill prevention
regulations require all land-based
tanks to be inspected every five years by
a certified inspector. These inspections
include detailed visual inspection, ul-
trasonic thickness testing, hydrostatic
testing, bubble testing, and sometimes,
additional tests at the discretion of the
inspector. The goal is to catch
corrosion issues before they
become serious and to take
corrective action.

nal corrosion
becomes trivial
for the next
20 years. Lin-
ing aluminum
tanks has been
less successful.

STABIL

Fuel Stabilizer
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The greatest in-
spection challeng-
es are cleaning
and access, just
as they are for
the boat owner.
But it doesn’t
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HOW WE TESTED

Test Samples Galvanically
Coupled in Two Groups

To check for corrosion, we selected a bundle of coupons :

(samples of standard alloys prepared into 1-inch by
2-inch rectangles with a hole in the center for mounting)
used in American Society of Testing and Materials (ASTM)
method D1384, a method for evaluating engine coolants
that we modified to serve our purposes. This approach en-
sured uniform metal alloys of known composition and mim-
icked the galvanic corrosion effects common to machines
assembled from dissimilar metals. The couplings used were
brass/aluminum/steel (to mimic a poorly assembled fuel
system; brass should not be coupled with aluminum, but we
have seen it done) and copper/steel/brass (to mimic a steel
fuel tank and typical fuel systems). We also laid one steel
coupon flat on the bottom of the jar, electrically isolated
from the coupon rack, to mimic the tank bottom. The corro-
sion of this isolated sample followed very different patterns
from galvanically coupled samples.

There are tests designed by the National Association of
Corrosion Engineers (such as NACE TM-0172) and the ASTM
(such as D 7548) for corrosion protection of diesel additives,
but we believe that these tests, designed for tank storage and
pipeline transport, are less relevant to boaters.

For our fuel sample, we used diesel from a busy inland Shell
dealer and added both seawater and acetic acid in amounts
that our research suggests could be present in the upper 5
percent of tanks; not the worst case perhaps, but a realistic
scenario. We exposed a portion of each coupon to the air,
as vapor space corrosion (sending units and tank tops) has
been reported.

Based on our research, we determined the following mix-

“ture would mimic the activity of worst-case free water: 20-per-
cent seawater, 30-percent white vinegar, 50-percent distilled

Our lab testing was modeled after an automotive industry test
for evaluating the performance of engine coolants.

water. The seawater represents intrusion, and thevinegar rep-
resents likely metabolic products of aceto-bacteria and other
organisms. This solution was mixed with each diesel sample
(10 milliliters per 250 milliliters of diesel) and the mixture was
gently swirled two times per week to simulate the motion
of a boat.

Each 250-milliliter sample was treated at manufacturer rec-
ommended levels for seasonal storage. If the product was not
recommended specifically for seasonal storage, the routine
usage dose was doubled.

To simulate tank ventilations, each jar was fitted with a
vent made from 8 inches of 3/16-inch clear vinyl tubing—
comparable to a fuel tank with a 5/8-inch vent that is 3 feet
long. All samples were kept in a temperature- and humidity-
controlled area (68 degrees, 70 percent relative humidity) for
three weeks. Each metal sample was visually observed and
graded relative to controls. Pitting was given high weighting,
while staining given very low weighting.

We used two controls. The first was a straight fuel sample
with no corrosive water and no additives, vented and exposed
in the same manner as the test samples. The second control
was simply 10 milliliters of corrosive water, no aftermarket
additive, that was vented and exposed in the same manner
as the test samples.

always work. Linings can fail, and in-

spectors can only test what they can

reach. Often, it is only the bottom that
~ leaks, and these leaks are hard to find
without either entering the tank or
waiting for the oil to come out. On a
boat tank, a good cleaning followed
by a very close visual inspection with

a flashlight would certainly reveal

whether there was active corrosion,
but it requires a very clean tank and a
diligent inspector who looks in every
corner.

WHAT WE TESTED

We tested seven products representing
a cross-section of what is on the mar-
ket: Hammonds Biobor JF, Valvtect

Bioguard, Fuel Right’s Basic Formula,
Stanadyne Performance Formula, Gold
Eagle’s Sta-Bil Diesel, Star brite Star
Tron Enzyme for Diesel, and Sea Foam
Motor Treatment. Based on. results
from our prior testing, we also tested
a blend of two products, the Biobor JF
and Star Tron. After our testing began,
Valvtect introduced a new, ultra-low
sulfur formula to replace its original
blend. It also unveiled a product called
Bioguard Plus 6, which—unlike the for-

- mula we tested—is designed to combat

water-induced corrosion, among other
things. We plan to include that product
in future testing.

All ofthe tested products make essen-
tially the same recommendations and

claims: Their product should be used
on a regular basis and before long-term
storage. Some are marketed as perfor-
mance additives, others as storage addi-
tives, and some only for microbiological
control. We dosed each additive accord-

" ing tolabel recommendations. All prod-

ucts mixed easily with diesel.

OBSERVATIONS

Many of the samples began to show
corrosion effects within a few days.
Hydrogen gas bubbles appeared on the
steel coupons of the control and several
less-effective additives. Considerable
amounts of corrosion product settled
into the bottom water, possibly contrib-
uting to filter plugging; only the Recom-
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The above photos show coupons after one month of immersion in a mix of acidic seawater (.03 percent), vinegar, and fuel. The
coupons were bonded in two groups of three, from left: steel, copper, brass (Group 2); brass, aluminum, steel (Group 7).
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mended products did not drop solids
into the bottom water.

Testers gently degreased all samples
and wiped them clean of all loose cor-
rosion before carrying out a detailed
examination and photographing the
samples. This greatly reduced the ob-
vious visual range between the best
and worst, but it also allowed testers
to closely examine the pitting, which is
the most critical factor. Except for Star
Tron, the coupon assemblies generally
showed more severe damage on the
spacers and the edges of coupons than
on the faces that were photographed.

We also observed considerable cor-
rosion on the air-exposed portion of
many coupons. We intentionally left
the coupon tips exposed to air, as our
experiences and research indicated

_~that considerable corrosion in the

vapor space is common. This is not
surprising considering the volatil-
ity of acetic acid. Only Star Tron was
able to control corrosion in the vapor
space. This might just save your fuel-
level gauge’s sending unit.

Testers observed no corrosion dur-
ing the test period in any of the clean
control samples that were not dosed
with corrosive water. All samples ap-
peared new. With the addition of the
synthetic corrosive water, however,
testers observed the rapid corrosion

of steel and discoloration of copper
and brass.

BIOBOR JF
Biobor JF is perhaps the most widely
used biocide for diesel and jet fuel. It has
proven very effective against biological
contaminants, and rated highly in our
biocide testing trials. Unfortunately, it
apparently does nothing to combat wa-
ter-induced corrosion. However, Biobor
EB, a productintended for ethanol gaso-
line, was among the top performers in
PS’s gasoline corrosion inhibitor test, so
we would encourage Biobor to look into
creating a similar corrosion inhibitor for
diesel or creating a combined product.

Interestingly, the combined Star
Tron/Biobor JF blend performed well
against corrosion. Assuming this blend
retains Biobor’s bacteria-fighting abil-
ity, this would be a good concoction to
use regularly. Biobor JF is available in
16- and 32-ounce dispenser bottles.

Bottom line: Not recom-
mended for corrosion control.

FUEL RIGHT

This product, one of the
most expensive in our com-
parison, was not tested in our
previous biocide trial. It is not
aregistered biocide, although
the company claims protec-
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Biobor JF -

tion against biological growth.

While the product has its supporters,
it was the only product tested that made
corrosion worse than the control, and it
was the only product that induced pit-
ting in the aluminum sample. Perhaps
an increased dose would have helped—
it had by far the lowest usage rate—but
the product literature did not suggest
higher rates for special purposes. Avail-
able in 16-ounce, 32-ounce, and I-gallon
bottles, this product is a good example
of why boaters need to be wary about
manufacturer’s claims.

Bottom line: Not recommended.

SEA FOAM
Recreational fishermen have been using
Sea Foam Motor Treatment for years
to resurrect balky outboards. While
our prior tests found it very effective
in ethanol gasoline—and we certainly
recommend it for tender outboards—
the product did not perform well
in diesel. It is available in
16-ounce cans through auto
parts supply chains.
Bottom line: Not recom-
mended.

STA-BIL DIESEL

Although not the top per-
former—it allowed slight
surface corrosion of steel
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Micro-photography revealed clear differences between the control coupon (left),
with no additives, and the one protected with Star Tron (right).
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samples—testers felt that this product
did a respectable job of preventing seri-
ous corrosion. There was no pitting in
the test coupon; the control and several
other additives allowed countless small
craters in the steel sample. Available in
8-, 16-, and 32-ounce dispenser bottles.
Bottom line: Recommended.

STAR TRON ENZYME
This product was a clear winner. The
tank bottom sample showed some dark-
ening but no pitting. All other samples
showed only patina. Early observations
led us to add an additional test sample
containing Biobor JF (for its biocide) and
Star Tron (for its corrosion-fighting) to
see if the pairing worked well, which
it did. Previously (PS, July 2009), Star
Tron was tested against registered bio-
cides including Biobor JF and Valvtect
Bioguard. Although the manufacturer
does not claim Star Tron to be a biocide,
it did show an ability to control biologi-
cal growth, giving us one more reason
to recommend this product. While we
have not been impressed with the Star
Tron line in gasoline applications, in
diesel it seems to be a winner.

Bottom line: This is our Best Choice.

VALVTECT BIOGUARD

Valvtect Bioguard was also very effec-
tive in the diesel biocide trials, but it
uses a different biocide chemistry than
Biobor. The corrosion protection on
the steel sample that was galvanically
coupled was not very good, nor was the
protection of brass and copper; how-
ever, the non-coupled sample that was
set in the bottom water was the best of
the group, and the aluminum sample
also did very well. That, combined with

known effectiveness as a biocide, make
this product a good choice.

Testers did note some discoloration
of the fuel and bits of corrosion product
in the bottom water, but we felt that the
obvious protection that it provided for
the bottom plate still merited a recom-
mendation. Unless your tank hasa great
deal of bottom water and the fuel sys-
tem entails a significant use of dissimilar
metals—there should be neither—this
product would afford good protection
for the bottom of the tank. Available in
8-, 16-, and 32-ounce bottles.

Bottom line: Recommended.

CONCLUSION
Keeping water out of diesel fuel is criti-
cal. Based on our tester’slong experience
asa certified API653 tank inspector, the
control sample would perforate a typical
steel tank in less than five years. Even
tiny amounts cause trouble that addi-
tives may not be able to protect the tank
from. This, of course, raises the ques-
tion: Which tank material is best? We
examined this question in detail (PS,
May 2007) and concluded that although
there are more corrosion-resistant ma-
terials (like monel) available, aluminum
(5052, 5083, or 5086 series) remains the
most practical choice in most cases.
Star Tron and Sta-Bil proved very ef-

 fective, greatly limiting corrosion. The

others did little and were perhaps over-
whelmed by our worst-case challenge.
But we don’t buy additives to protect us

~ from good clean diesel; we buy addi-

tives to protect us when things go very
wrong, and fuel contamination—as the
poor fellow removing his tank from the
bilge can attest—can easily go undetect-
ed. We think the Recommended addi-

SYSTEMS

tives deliver a good value in preventive
maintenance.

We also think a do-it-yourself tank-
testing program makes a lot of sense,
based upon the truly corrosive bottom-
water samples we found. By routinely
testing the pH of water drained from the
fuel/water separator and by inserting a
polished washer made of the same mate-
rial as the tank somewhere in the filter
train, boater owners can get a valuable
early warning before serious corrosion
of the tank or fuel system can occur. The
tank’s pH should stay between 6 and
8, and the metal coupon should never
change appearance in good fuel.

After testing began, we wondered
whether moisture-absorbing vent filters
might help combat corrosion. Our test-
ing of vent filters on E10 gasoline showed
50- to 75-percent reductions in corro-
sion and water absorption, and our ear-
lier testing of diesel vent filters showed
that they could eliminate water hazing
caused by temperature fluctuations dur-
ing cool, humid conditions. We're hope-
ful that vent filters may have a similar
effect on diesel. A month before this
testing commenced, we began a paral-
lel test to compare corrosion rates, with
and without a vent filter. We installed
vent filters on several test boats as well,
to generate field reports. We expect to
see some interesting results in this ex-
periment as the summer passes, and
we’ll report back. 4

CONTACTS

HAMMONDS
www.biobor.com

FUEL RIGHT
www.fuelright.com
STANADYNE
www.stanadyne.com
SEAFOAM
www.seafoamsales.com
STA-BIL
www.goldeagle.com

STAR BRITE
www.starbrite.com

VALVTECT
www.valvtect.com
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