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Abstract

Corrosion protection of | arge equi pment o
tanks, boilers, heat exchanges;) during storage, transportation/shipping and long term
mothballing (up to 10 years) is a worldwide problem. In many caseb;ka@vn
technology for replacement of the environment with nitrogen gases cannot be applied anc
are not always efficient enough. In addition to their limited protection ability, these
approaches tend to be cumbersome, complicated, labor intensive, ypenyser and
create safety issues. This paper describes a system that reduces the environmel
corrosiveness by decreasing the relative humidity (RH) to a level that allows achieving
corrosion protection of different metals in any sealed enclosures. Inoadthis new
system delivers the volatile corrosion inhibitors (VCI) into enclosures that increases the
corrosion protection efficiency and decreases the corrosion if the enclosures have som
leakage. This system creates the required RH and concentrat\@l osery fast. It is
compact equipment and can be moved for applying corrosion protection in different
locations. In the paper, we will present a mobile system that can be periodically used for
many kinds of equipment in different facilities. A real syst designed, manufactured and
applied for corrosion protection of mothballing equipment in one refinery will be presented
and discussed.
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Introduction

Corrosion of mothballed equipment is a problem in many industries worldwide, including
petroleum, chemical, mining, automotjeansportation, militaryetc. During maintenance,
many large and expensive equipment (pipelines, boilers, tanks, resdreairexchangers,

etc) are taken oudf operation for mothballinglhe equipment is stodeoutdoorsor indoor

and must be protected from corrosion. The storage time can vary widely, from days up to
several yearfli 19].

Il n todaybés business environment, a cor
dynamic environment in which they exist. This medngt plants/processes/equipment
needsto be taken in and out of service on a routine bdsis equipment must be atyan
unpredictable time being ready to take back in operafidns provides a need for
corrosion protection for metallic items during storage and/or transportation in different
environments. This includes such items as:

1 Interior of large enclosed spaceglsuas tanks, vessels, boilers, or piping, especially
for voids and/or recessed areas of interior cavities;

1 Metal parts and equipment inside any enclosed space;

1 Internal surfaces of process equipment such as turbines, engines, compe&ssors,

9 Mission critical parts and assemblies that need to be stored and put quickly back
into service.

In most cases the corrosion condition of internal surface of enclosuseknown.

The part of equipment can beadefrom different metals, including steel, coppemnd
aluminum alloys.

Typical corrosion protection solutions for mothballed equipment include: pressurized
nitrogen, rust preventive RP) oils, removal of existing environment by vacuuming or
dehumidification and applying inhibitor§here are often prolies associated with these
methods, including:

1 The cost of maintaining a positive pressure nitrogen system and safety issues
(nitrogen can leak from the enclosed space if not properly gealed

TRP oils are line of sight/direct contact, no protection pgeovided for
reassed/difficult to access areas; and

1 Desiccant needs to be frequently replaced/replenisBaturated desiccant with
temperature fluctuations can increase corrosion. Desiccant must be removed before
putting the asset back into service

This paper presents a summary of new corrosion protection technologies which are
based on a new principal and/or a combination of the traditional technologies resulting in
improved corrosion protection at a lower overall cdste presented technologies can
greatly reduce corrosion for a wide variety of types and sizes of equipment (Figure 1).
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Figure 1. Examplesof equipmenttakenout of operationfor mothballing

During storage protection is neeel for both external and internal surfaces of the
equipment The exterior surfaces of the equipment giacally protected by traditional
methods like coatingsThe internal surfacg are often bare or minimally protected and
sometimeshavedifficult to access ared$§, 4, 10, 15].

Corrosion raten these internal surface®pend onthe design othe equipnent,
materials atmosphdc/gaseous conditiongelative humidity RH), presence of aqueous
solutions,temperature anthe frequency of temperature changes, corrosion condition of
the internal surfacgetc.

Below some general informatias presentedTable 1) that shovs the problems with
corrosion in the enclosws®f mothaballing equipmentn all cases the corrosiaxistsfor
all maim metals and the alloys presented in enclosures. These are only the genere
examples otorrosion ratd¢aken into consideration that only 30% iahgy the mothballing
time the fluctuation of the temperature create condensation of the water.vapors
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Table 1.Examples otorrosion rate of main metals in a wide ran§environment in enckures of
mothaballing equipment.

Corrosion environment* Corrosion Rate, mm/yr (up to):
Concentration RH H T,AC veta! Average Pittin Crevice
of gasey O g’y n P ’ 9 9
Cl' 0.3 30 Fe 0.5 1.0 15
SO, 0.041 2.0 Cu 0.1 0.05 0.5

501100 3718 140to+50
Al 0.05 3.0 4.0
H.S 0.0710.2
Zn 0.2 15 2.0

In the environment that contain acidic compoun8&,( H,S, Cl), depending o
temperature, relative humidity and frequency of changing the temperature (that results in
condensation) the corrosion rate can dramatically changed during mothaballing of
equipmentWhen the temperature decreases the water vapagensean the surfacand
absorbed gaseous compounds traateshighly corrosive environmenilypical examples
of corrosionrates in the mothalalg enclosurare shown in Figur2.

These data combine all types and forms of corrosion (general, pitting and crevice) that
can happen at the same times on the same surface on the part of equipment situated insi
of the enclosure during mothballing. According to this data it is obvioughbatorrosion
problems can be solved by decreasing the RH in side of the enclosaré®%. But in
many cases the size of equipment, environment and mothballing conditions, type of usec
metal parts unpredictable and during the mothaballingaffdied RH (below 50%) in
some part of enclosures the condensation can exigiraatécorrosion problems.

To exclude this situation were created two types of corrosion protection systems that
combine dehumidification (DH) of environment applying VCI in casegresence of
vapor condensed layers in some parts of the equipment due to fluctuation the temperature
In most cases the selected inhibitor composition that in vapor space works as VCI when
absorbed incondensedwater layer or in aqueous solution became .S€Ithis case
application of the system became very simple.

Principally two types oDH/VCI Systems (DVS-1 and DVS2) were developed to
control the corrosion in the vapor space and in solution (water or aqueous solution
condensedr sedimentedhi the botbm of the enclosures).
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Figure 2. Corrosion rate of carbon steelimdustrial environment

DVS-1 is a packaging systeifirigure 3) to contol external and internaiorrosionin
thevaporspaceand inthecondensean the metal surfac@ater or gueous solutiasn This
is a two layer system that allowsntrolling RH inside of the first layeWClI or plain film)
and excludinghe entry ofmaisture into the inner layefrom outside through the external
barrier packaging filmThis system recommended in most cases for corrosion protection of
external surface oény size ofequipment andnternal surface for not veriarge and
complicatecequipment.

Barier film or box Plain film
Y G - —

' VCI diffusers or packs
a b
Figure 3. DVS-1 systems for corrosion protection of external and internal surfaces of
mothaballing, storage or transportation of equipments
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This system has been applied in many cases where existing packaging systems nc
efficient. The storage andhipment environment was extremely aggressive: RH of up to
100%, temperature from +A0Go i 20A Csea atmosphere, and industrial environment. For
most of this equipment, onlpVS-1 system is efficient and cost effective. The photos
clearly show the high @lity of the metal parts and equipment opened after arriving at the
customer 6s4dpl ant (Figure

Figure 4. Quality of equipments after shipping

These resultavereachieved due to the differences of RH ambient and in the bags. For
example, during thestorage and/or shipping of equipment and metal parts at ambient
temperatureof +40 to i 10A Gand RH Bi 100% the following levels of RH (%) were
measured:

In DVS-1

In singleVCI bag
Inner layer Betweenthe layers

401 80 2071 40 107 30

The many years ofapplication experience received in the most aggressive
environmentsfor example during the shipments through the ocean from India and UK to
different countries (Figuréd), allowed the areasof DVS-1 system applicatiorto be
expandedExamples of this sysin applicatiorduring this yeafor corrosion protection of
large and complicated equipmeatepresentedn Figure5.

Taking into consideration that the condition of the internal surface of heat exchangers
is unpredictable, the internal surface of egibe was cleaned (the corrosion product
removed)before applying the DV system. This will allow the VCI to reach and cover
all surface areas of the pipes in the heat exchangers. This system is efficient during indoo
and outdoor storage. In cases of dges this system can basilyfixed.



Int. J.Corros.Scale Inhib, 2015, 4, no.3, 1971 209 20¢<

Figure 5. DVS(a) system applied for corrosion protectionlarfge heatxchangers
DVS-2 Systemis developedor corrosion protection of different typs large and

complicated design of mothaballiegluipmentThe main advantages and disadvantages of
different methodsiredescribed inrable 2.

Table 2 The advantages and disadvantages oéxistingmethoddor corrosion protection of large
enclosures

Protection method Advantages Disadvantages
1. Replacemenof 1. 100% efficiency in It is impossible to check th#fte environment was
existingenvironment case if it is possible not fully replaced
with nitrogen(N>) to achievehe fully  Not efficient in spaces where exist liquftht

sealing of enclosure canna be replaced with nitrogecondensed

For not fully sealed enclosure the consumption
N2is unpredictable and corrosion protection
cannotbe guarantied

Cost of the delivergystem andN,is high

2. ApplyingVVCl 1. Average efficiency 1. Efficiency decreases if the concentration
for about80% decrease near than the protection concentrai
2. Applicable in 2. Type of inhibitor depends on environment
different conditionand type of metals
environment 3. Does not exist the applicatis@@chnology for

3. Low cost large and complicated equipment
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Protection method Advantages Disadvantages
3. Dehumidification High efficient and High efficient anly in fully sealed enclosures
low cost
4. Dehumidification + 1. This is only a system: 1. High efficient only in fully
VCI (DVS-2 System)  _ for corrosion protection déarge and sealed enclosures
complicated equipment 2. The delivery systerm most

cases economicéless
expensivein compare with
other solution®nly for:

q i large enclosures;

- high efficient in unpredictable
environment conditios)

T corrosion protectiobegins very fast

- the delivery systeman be mobile an

used for different enclosurésdifferent | many small enclosures if the
places requiredmothaballing time is

large.

Thefirst DH/VCI Systemfor industrialapplicationwas designed, manufactured and

tested during last ye@Figure6).
This system consists of:

1 A closed system for dehumidification and/or delivery of VCI on external and

internal surfaces.
TA fipumpodo that peri odi c andthendgiversV@&.r ms d e

This is the only/unique system that allows achieving corrosion protection of
complicatedand very largeenclosureghat can contain parts from different metals. To
achieve the corrosion protection of any mothballing equipmennibti:iecessary to know
the type of metals used in the enclosures, configuration, size and condition of the metal
surfaces. To achieve corrosion protectihis system includes two steps:

U First step include dehumidifiion that allow achieving the required RH less than
50% (this is thecriteria of achieving corrosion protection in vapor spade)most
cases the applied RH is close to 30%).

U Second step include heating of powder of liquid VCI compounds to increase thei
vapor pressure and delivery VCI by using the dehumidification part of the system.

The temperature range in the system allows very fasictoevethe required vapor
pressure for different VCI compounds. In some cases can be used compounds that only b
heating became VCI. This is the additional advantage ofsiystem
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Control:
*HR and Temperature
*Concentration of FCI/VCI

Pressure Vessel: ‘ l

Dryer:
*Dew point: 3°C
*HR: 11%

Manifold

+Outlet feed: 5 pontos

Figure 6. DVS-2 system for corrosion protection of large and complicatieclosures of
equipment.

Figure 7. Mothaballing pipeline systesidor applying DHVCI (DVS-2) system



