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In the Armed Forces of the Republic of Croatia,
long-term storage protection is required on most

military equipment. The metal parts of this equipment are
affected by corrosion and deterioration. To prevent
deterioration, protective coatings, dehumidification, and
volatile corrosion inhibitors have been used.
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his article describes the
preservation of high-per-
formance diesel engines
using three methods, in-
cluding protective coatings,
dehumiciificadon, and vola-
tile corrosion inhibitors
(VClIs). The preserved engines being in-
vestigated were kept in Republic of Croa-
tia Ministry of Defense storage for 2 years
under different climatic conditions in
Croatia. Subsequent inspection of the
exterior surfaces confirmed no traces of
corrosion.

When influenced by a chemical,
physical, or biological environment, the
aging process of engineering materials
increases. This phenomenon leads to
diminished performance rime as well as
technical outdaring.

Relative humidity (RH) is especially
significant for metal corrosion. The
critical humidity for steel is 60% and is
considerably lower if sulfur dioxide
(SO,) is present. In practice, the RH
should be kept between 30 and 50%.
'Ihe rapidity of corrosion also depends
on gases found in the air, such as SO,,
hydrogen sulfide (H,S), ammoniac,
hydrochloric acid (HC1), and others. In
industrial zones, the most common con-
taminant is SO,, while along the coast-
line, chlorides dominate.

Environmental temperature also in-
fluences corrosion time. For the storage
of protected materials, the temperatures
should be kept < 10°C. Technologies for
materials protection include the meth-
ods of thermal protection, a change in
environment, and the prevention ofcon-
tact between the materials and the envi-
ronment using protective coatings.

Preservation

Preservation is necessary ro prevent
deterioration ofa material or appliance
during the period of time when not in
use. Stored appliances must be protected
because of the unfavorable influence of
actual storage conditions (Figure 1).

The optimal preservation method is
generally the one having the best invest-
ment/result ratio. In choosing the right
preservation method, multiple factors
must be considered, such as the time of
storage, storage conditions, appliance
construction, the time needed for pres-
ervation/depreservation,thenumberof
staff needed, and the total cost. In addi-
tion, the most important area for the
armed forces is the availability of quick
depreservation of the preserved equip-
ment for deployment.

Preservation methods can be divided
into three major groups: the use of pro-
tectivecoatings,dehumidification
(static and dynamic), and the use of



noncontat protective materiab known
asVCls.

Dehumidification method include
dessication mog often silica gd (statc
method or specid equipmen (dynamtc
method to keep the RH in the optimd
range <45% (Figure 1). Without her-
metic closure the applian@ is exposé to
RH changs (Figure 2) and can be affected
by the®e RH fluctuations Hermett treat
mert prevens the impad of RH (Figure
3). ConsequentlyVCls and relatel tech
nologies hawe developé rapidly and hawe
been in use for the lagt 25 years

Basic Characteristics of VCIs

VCls are chemicd compound tha
evaporag¢ from the fluid or solid on the
metd surface producimg a very thin
monomolecula protective film (Figure
4). This protective film inhibits metd
throuch a reaction with wate and air,
providing protection to anodt and ca
thodic area (Figure 5)

VCls evapora¢ ard condition an en
closure migrating and protectirg parts
and surface not in dired contad with the
inhibitor. VCI technoloy issimple easiy
utilized, and provides low-cog protection
The materid characteristis reman un-
changel as the invisible protective ion
layer of VCI causs no changeseven on
sensitive electronc devices where condue
tivity, dielectric constant and dimen
siond tolerane are crucial

Procedures

When the engire is delivered (Figure
6), it is testal to ensue that it mees all
the technica requiremens se by the
manufacturer If not, it is returnal for a
work-over.

PREPARATION FOR
PRESERVATION

If a VCI concentrag is being used
mixing can be performel by releasig the
appropriaé amouri of working oil, lig-
uids, and fuel from the engine and then
by addirg the sane quantities of the VCI
concentrate Protective VCI tape is cut
accordirg to the lengt of the engire suc
tion collector, air filter area ard othe
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components Masking anticorrosive ard and the removd of dirt and corrosim
high-temperatug coating shoull be pre-
parad accordig to the manufactures
instructions Preservatioa materiab
shoull be stora in the origina seale
packages Preparatio of the engine
shoul als include technicé inspectiors

products

PRESERVATION
'Ihe engire preservatia is performel
with protection protective coatings ard
VCls. "Iheengine contan mary different
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area tha require protection including the
cooling system engirelubrication system
air compressarfuel supply system com
pressim area and the engire exterior.

Cooling System

For first-time preservation calcifica
tion is removel from the cooling systen
using an acidic solution to dissole exist
ing deposits Once thisis done the systen
is filled with cooling fluid. The oute sur
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faces of the coole are washel with water
and dried with compresse air. VCI is
addel into the cooling water, 15 to 2%
is addel into the final solution and then
the wate and additive are stirred togethe
and addel to the cooling system

Engine Lubrication System

Protection of the entire lubrication
systen is achievel with SAE 50 engire
preservatia oil while the engire is run-

ning. After the engire has been washed
the protective oil is thoroughy mixed
with the VCI additive a a 3:1 ratio and
pourel into the engine The engire is then
run unde alight load for amaximum of
5 min, so that all the surface of theengire
interior patt can be eveny lubricated with
protective oil. lhe engire is then shu
down, ard the cylinder compressio space
is blown out

Air Compressor Box

Compresspbox protectio isachievel
in the same manner Theg operatiors are
performeal when there is preservatia oil
in the engire or gearbox If the compres
sa has a separag box, the existing oil is
released the box is washe with rinsing
oil, ard then it isfilled with SAE 50 oil
for preservation

Fuel Supply System

Any corrosim producst are removel
from the metd surface as are any othe
deposis or water After the protectin
procedue is finished all opening are
taped with VCI anti-corrosie tape (fiber
polyethylene)

Fuel Tank

Theremovabé tanks are then removed
emptied and inspected Any corrosim
producs are subsequenyl removed and
the tanks are dried and coatel with pro-
tective VCI oil.

If the tank cannd be removed the
remainirg fuel is releasd ard the wase
pipeisseparatedthedeposicontaine or
fuel mete is opened and deposis are
removel mechanicall from the system
The remainirg fuel is washe away and
opening are closed lhe tark is filled with
protectiwe oil, which isthen immediatey
released The tark is then filled with 180
L of fuel to which aVCI additive has been
addel and thoroughy stirred into the fue
(1.5 to 2% by volume)

Compression  Space

The compressio space cylinder walls
abowe the piston rings valve space valve
head pars of the valve spin and othe
sensitive and hard-to-reab surfaces are



treatel with SAE 50 engire preservatia
oil mixed with VCIs. The mixture isintro-
ducel using manud or pressue injection
with appropriaé tools and nozzles Protec
tive oil is injected with the piston in the
bottom dead-cente position

The engire axle is then turned over five
or six times so the oil can be propery and
uniformly applied to the walls.

Exterior Protection ofthe Engine

Once the interior surface and systens
of the engire hawe bee protected the
exteria surface of the engire are treated
and the engire is packagd for preserva
tion. For this step VCI protective band
are placel in the exhaus and suctian col
lectors and the opening are seale with
VCI protective foil and tape (Figure 7).
All engire opening are covere with lids
and fastene with self-adhesie tape The
wate pump is left open until all the cook
ing liquid has been draine from the en
gine. Rug and damage coating are re-
movel from the exteria of the engine
and recoate with the appropriaé coat
ing. VCI protectiwe spre is applied to all
electront componerg and connectos on
the engine A VCI protective pase is then
dissolvel into an oil-basel produ¢ and
applied a 50 to 75 pm ove all parts of
the engine

Storage

The preservd engines were storal in
enclose warehouses packagd as noted
below;, and placel so tha the preservatia
chart preservd engire status possibility
of depreservationand possibility of mow
ing the engire from the storag place
could be seen

The engire was wrappel in VCI film
with VCI foil attache to the bottom of
the engire to provide additiona corrosim
protection Next the engire was placel in
a wooden trunk and fastend to the bas
of the trunk. The preservatia chat was
placel in awater-resistanplastic bag and
nailed to the upper-righ side of the en
gine trunk. The protect&l engine were
stored in Croatimm Army warehouss
throughou Croatia in regiors character
ized by continenta] mountain and

Red: oxygen molecules
Blue: water molecules

Molecular
film

Molecular VCI film on metal surface.

Engine ready for testing and preservation.

Mediterranea climates The engine were
periodically inspected and after 2 yeas
severd engine were unpacke and thor-
oughlyexamined

Results

After 2 years the engines were put
through depreservatio using the follow-
ing steps

* Remoe hermett materiab from the
suction branch air filter, ard exhaus

branch

* Remow VCI protective tape from
the suction brand and air filter.

¢ Chedk the levd of oil and othe
fluids.

* Depresere exteria surfaces if
necessary

EXTERIOR SURFACES
OF THE ENGINE
VCl-treated engines showel no corro-
sion on any exterior surface wheres
untreatél engine had large amounsg of
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corrosion at different points on the exte-
rior surfaces (totaling >20% of the en-
gine's surfaces).

ELECTRONIC CONNECTIONS

The electrical connections of VCI-
treated engines were corrosion-free and
showed no deterioration. All electrical
connections of untreated engines were
heavily corroded and showed signs of
pitting.

Conclusions
* A preservation method for army
equipment using VCls has been ad-
opted by the Armed Forces of the
Republic of Croatia.
+ Several methodological procedures
for protecting almost all groups of
arms and army equipment have been
adopted and prescribed from 1995 to
the present.
* VCI preservation of high-power
engines has been a major technological
step in the long-term protection of
stored engines.
* Engines that had been VClI-pre-
served since 2000 and fitted into
armed vehicles before the preservation
expiration date showed no traces of

corrosion. During installation and
start-up, the engines operated properly
and provided smooth operation under
all conditions, confirmingthe validity
of the protection provided by the VCI
procedure.
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