














US Coast Guard

Summary of Tests:
Smoke suppression, hard carbon removal, bacteria control

Use and testing of ZP-515 Diesel Fuel
Conditioner has been conducted by the USCG
since 1977. Initial testing began in the 7"
USCG District to combat bacteria problems,
severe carboning and premature parts failure.
After almost one year of positive results and
"impressive" (10%) fuel savings, a 3-hour
dynamometer test was conducted on a Cummins
VT900 engine. This engine had been changed
out from an 82' WPB "due to heavy carbon
buildup and degradation of operating
parameters.” During the test, "horsepower
started coming up.” Inspection of the engine
after the test revealed that the "extensive and
hard" carbon buildup "was gone and what
remained was relatively loose and easily
removed with a pen knife or finger nail."

In 1980, a 1500-hour operational test on an 82'
WPB (Cummins VT900 engine) confirmed
earlier findings:

No hard carbon and clean combustion areas,
exhaust and turbocharger

Improved fuel system and engine partslife
Reduced maintenance

Improved fuel efficiency

Beginning in December 1988, severa of the
new island class 110" cutters began conditioning
their fuel with ZP-515 to reduce exhaust smoke
and to control bacteria/fungus growth in their
fuel tanks. Since the vessels and engines
(Paxman RP200M 16V main engines and
Caterpillar 3304 generators) were under full
warranties when treatment began, USCG
Headquarters, Naval Engineering, was informed
of the use of ZP-515 and the results achieved
were:

Reductions in exhaust smoke

When treatment was discontinued, the
smoke problem reoccurred (see letter)
Removal of carbon from the injectors,
turbochargers and exhausts

Fuel filter replacements decreased

Fuel tanks were found free of sludge and
any indications of bacterial or fungal
infestation

In April, the Paxman service technician
supervised a short test on another 110’ cutter.

The results, after 89 hours of operation (87 at
idle), verified that ZP-515 removes hard carbon
deposits from the injectors and reduces exhaust
smoke.

In April 1990 and May 1992, at the
manufacturer's recommended change out
periods of 3,000 hours, the main engine
injectors on the USCG Chincoteague were
replaced: they were found to be like new. The
same was true for the generator. Similar results
were reported by the other cutters.

Based on the observed lack of bacteria or fungus
in the fuel tanks of these vessels, USCG Naval
Engineering directed the USCG R&D Center to
conduct a controlled test of ZP-515 for approval
asabiocide. Even though ZP-515 contains no
toxic materials, it performed second best in
controlling bacteria and fungus growth when
compared with the toxic biocides previously
approved for Coast Guard use.

To gain Coast Guard approval, ZP-515 Diesel
Fuel Conditioner had to meet the following
requirements:

1. Perform successfully in abiocidal
effectiveness test conducted by an
independent testing facility.

2. Contain no prohibited or toxic materials that
would pose athreat to the health or safety of
personnel.

3. Contain no material, substance or ingredient
that would be likely to cause damage to
equipment.



Metropolitan Bus System
Dynamometer test of ZP-515
on a used Detroit diesel 8V71N bus engine.

SUMMARY

In December 1990 a used Detroit Diesel 8V71N bus engine was tested at a
Williams Detroit Diesel-Allison’s facility to determine the effects of condi-
tioning fuel with ZP-515. The engine, while in running condition, had

been taken out of a bus for overhaul. 1t had hard carbon in the combus-

tion areas, particularly at the injector tips. The cylinder walls were scored.

After 1 7 hours on fuel treated with ZP-515 Diesel Fuel Conditioner, the
engine BHP had increased approximately 7%. After 2 hours on treated
fuel, all hard carbon on the injector tips and in the combustion chambers
had been removed. Also, metallic deposits from lubricating oil additives
were softened/removed.

FUEL

The analysis of the untreated fuel indicates that the fuel was an average
quality #2 diesel with a high level of aromatics and cracked heavy distil-
lates. This fuel is likely to smoke and cause carbon deposits. The presence
of boron suggests that an additive had been used, either to stabilize
cracked fuel or to kill bacteria. A red dye had been used to color the fuel;
tests not run to determine the composition of the dye.

The analysis of the fuel conditioned with ZP-515 was virtually identical to
that of the untreated fuel, indicating that nothing foreign to the fuel had
heen introduced.

OBSERVATIONS & RESULTS

Normal Fuel
Before ZP-515

< Hard carbon deposits (that resisted scraping off by a knife blade)
on the heads, valves, piston crowns and injector tips, and around
the nozzle holes.

< Alight layer of metallic bronze deposits on top of the carbon on
the heads and the piston crowns.

« \ery hard white nodular deposits (typical of calcium from high
detergent lube oils) under the hard carbon on the valves, heads
and piston crowns.

= Considerable vertical scuffing and scoring on the cylinder liners.

« Visible exhaust smoke

 Engine vibrated

= Engine output was 20-25 horsepower (=10%) under design

= Engine could not carry any loads above 2000 rpm. After 2 hours
and 20 minutes

After 2 hours and 20 minutes
Using Fuel with ZP-515

= Hard carbon on all parts (injectors, valves, heads, pistons)
eliminated or reduced. Remaining soft carbon could be scratched
off with a fingernail.

= The metallic bronze deposits were gone. (The deposits may have
been from barium compounds used in detergent lube oils.)

< Indications that some of the white nodular deposit had been
removed. Much of what remained was soft and could be flicked off
with a fingernail.

= The most heavily scored cylinder (#3) showed less carbon removal
than the others. However, the remaining carbon was soft.

= Exhaust smoke undetected.

 Engine ran smoothly.

= Engine power output increased 16 horsepower (= 7%
improvement) in 17 hrs.

« Engine ran loaded up to 2200 rpm.




Case History: Locomotive Engine

EMD GP38 645e-16 non-turbo locomotive engine
Bay Line Railroad, 1990 through 1995

The Bay Line RR is a short line railroad operating 12 EMD GP38 locomotives between Panama City, FL to Dothan, AL. Depending on tonnage
hauled, four to six locomotives are used, the average being five. The locomotives run approximately 68,000 miles per year.

In January 1990, Bay Line began a program of conditioning its fuel with Nitro-9 ZP-515 Diesel Fuel Treatment. The fuel used is #2 diesel,
both high and low sulfur. InJanuary 1994, Bay Line RR was sold by Stone Container Corp. to Rail Management Corporation. Operations
continued as before but with increased tonnage. Fuel conditioning with Nitro-9 ZP-515 Diesel Fuel Treatment continues.

Periodic reviews of operating data and expenses by the Chief Mechanical Officer of Bay Line proved that conditioning the fuel has provided
the following positive benefits:

« Fuel savings of 15%.

« Total elimination of track fires. Prior to treatment, Bay Line experienced six to eight fires per year, caused by hard carbon sparks from the
locomotive exhausts. (Half of the calls required Fire Department assistance.)

 50% reduction in replacement of cylinder heads and pistons was realized.

« No burnt valves and cracked pistons have been encountered since use of ZP-515 began.

< QOil change frequency has been extended to once every 24 months instead of once every 12 months.

 Reduction in overall maintenance costs by about 10%.

« Exhaust smoke reduced to less than Florida air emission standards.

The following photographs are of an original power assembly from Unit #501. It was acquired “Second Hand, Qualified,” May 1990, by Bay
Line RR from VMV, Paducah, KY. Estimated age of engine at acquisition was four years and about 400,000 to 500,000 miles. Since acquired,
engine has run another 350,000+ miles.

It was disassembled September 6, 1995, to replace a broken oil ring. The photographs were taken September 7, 1995. No pictures could be
taken of the injector because it was reinstalled “as is” in the new assembly per John White, chief mechanic. The replaced assembly was
equipped with Precision Screw Machine Company threaded valve lash adjusters.



