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1. SCOPE

This Engineering Standard covers the minimum
requirements for thermal insulation of pipework,
vessels, tanks and equipment in the temperature
range of -100°C to +870°C but excludes structural
insulation of buildings, fire proofing structures,
refractory lining of plants.

On the basis of the temperature the thermal
insulating is divided into two different systems as
follows:

a) Hot system, which is applicable in the
temperature range of +5°C to 870°C.

b) Cold system, which is applicable in the
temperature range of -100°C to +5°C.

The Standard is intended for use in the oil, gas and
petrochemical and similar industries mainly for
refineries, chemical and petrochemical plants and
gas plants.

The Standard gives minimum requirements for
insulation system, including insulation materials
of sufficient quality and thicknesses, weather
proofing and finishing.

Finally discussion is given on the design basis of
thermal insulation including selection of system
and, corrosion under thermal insulation and
general  application of insulation. Also
characteristics and selection of insulation and
accessory material have been presented.

Note 1:

This standard specification is reviewed and
updated by the relevant technical committee on
Nov 2002, as amendment No. 1 by circular No.
176.

Note 2:

This bilingual standard is a revised version of the
standard specification by the relevant technical
committee on Nov 2009, which is issued as
revision (1). Revision (0) of the said standard
specification is withdrawn.
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Note 3:

In case of conflict between Farsi and English
languages, English language shall govern.

2. REFERENCES

Throughout this Standard the following dated and
undated standards/codes are referred to. These
referenced documents shall, to the extent specified
herein, form a part of this standard. For dated
references, the edition cited applies. The
applicability of changes in dated references that
occur after the cited date shall be mutually agreed
upon by the Company and the Vendor. For
undated references, the latest edition of the
referenced documents (including any supplements
and amendments) applies.

ASTM  (AMERICAN SOCIETY FOR
TESTING AND MATERIALS)

ASTM C 592"Standard  Specification  for
Mineral Fiber Blanket Insulation

and Blanket - Type Pipe
Insulation (Metal-Mesh Covered)
(Industrial Type)"

BSI (BRITISH STANDARDS INSTITUTION)

BS 5970 "Code of Practice for Thermal
Insulation of Pipework and
Equipment (in the Temperature
Range -100°C to +870°C)"

BS 5422 "Method for Specifying Thermal
Insulating Materials for Pipes,
Tanks, Vessels, Ductwork and
Equipment Operating within the
Temperature Range — 40 Degree
°C to +700 Degree °C"

BS 2972 "Methods of Test for Inorganic
Thermal Insulating Materials"

BS 2654 "Specification for Manufacture of
Vertical Steel Welded non-
Refrigerated Storage Tanks with

¥ 9ol

(eSSl e (Sl g ()8 e (e SIS D550 50
sl e S

&zl =Y

550 Fu,b o lulisl 5 b asl ol 4 o lastinl cpl o
30 &S o> U axle ol icsl ool o)lal 55 Full e
ol 3 i s S 5 eslitul 350 o ailisl oyl
WS Galpg ol b ezl )0 Ned e Dgmme ol
il jo Glalng b 5l am o Glhed 5 005 SOl 0as
|zl B oy 5 oIS ey (39155 51 ma eciums] o o0l
plodil & sl Galig ca3T )l oo azle )0 wilioe
Dbl o Joe D ol Glacingy 5 Mol als

(15 5ol olge 9 (19051 crocxil) ASTM
Sl gle B Slakie ojlutia” ASTM C 592

o) dg) Bl SS9, £55 9 (Fane

(Lt 1 5l lsbow! dummgo) BSI

gl Ay Gl sl ol " BS 5970
FAY B Ve Lo anels) Olpss

(5 o
da Ay 5> &le Slge crond o) BS 5422

28 Sl g L JUE ol L]
az 0 +Yee U= o Sldee gloo
".\.:.;SGA L5 o ol

5 Gl Gle dlge Salesl sl bg,"  BS 2972
RE
o e cale (b olakas"  BS 2654

0% Vg oad (5 Kex (s3ges



IE Nov. 2009 / \WAA ,37 [PS-E-TP-700(1)

Butt-welded  Shells for the
Petroleum Industry"

BS EN 529 "Respiratory Protective Devices —
Recommendations for Selection ,
Use, Care and Maintenance -
Guidance Document "

IPS IRANIAN PETROLEUM STANDARDS)

IPS-E-TP-100 "Engineering  Standard  for
Paints"

IPS-C-TP-101"Construction  Standard for
Surface Preparation”

IPS-C-TP-701 "Construction  Standard  for
Application of Thermal
Insulation"

IPS-M-TP-710"Material and  Equipment
Standard for Thermal

Insulation"
NIA (NATIONAL INSULATION
ASSOCIATION)

3. DEFINITIONS AND TERMINOLOGY
- Aluminum Foil

Thin sheet of rolled aluminum (0.15 mm thick
and under).

- Asbestos

The generic name for those silicate minerals
that cleave naturally into fibers, the three
important forms being chrysotile (white
asbestos), crocidolite (blue asbestos), and
amosite.

- Blanket

Insulation of the flexible type, formed into
sheets or rolls, usually with a vapor-barrier on
one side and with or without a container sheet
on the other side.

- Block (Slab)

Rigid or semi-rigid insulation formed into
sections, rectangular both in plan and cross
section usually 90-120 cm long, 15-60 cm
wide and 2.5-15 cm thick.
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- Board

Rigid or semi-rigid insulation formed into
sections, rectangular both in plan and cross
section, usually more than 120 ¢cm long, 60-75
cm wide and up to 10 cm thick.

- Calcium Silicate Insulation

Hydrated calcium silicate with added
reinforcing fibers.

- Canvas

A closely woven fabric of cotton, flax, hemp,
or jute characterized by strength of firmness.

- Cellular Glass (Foamed Glass)

A lightweight expanded glass with small cells,
preferably non-intercommunicating, produced
by a foaming process.

- Ceramic Fiber

Fibrous material, loose or fabricated into
convenient forms, mainly intended for use at
appropriate elevated temperatures. The fibers
may consist of silica (SiO;) or of an
appropriate metal silicate, e.g., alumina-
silicate. Alternatively, they may be formed
synthetically from appropriate refractory metal
oxides, e.g., alumina, zirconium.

- Cork Board

Performed material composed of granulated
cork bonded by heating under pressure, with or
without added adhesive.

- Expanded Metal

Metal network made by suitably stamping or
cutting sheet metal and stretching it to form
open diamond-shaped meshes.

- Expansion Joint

An arrangement in an insulation system to
minimize the risk of cracking due to thermal
movement.

- Fibrous Insulation

Insulation constructed from fiber, naturally
occurring or manufactured that incorporate
single or composite filaments generally
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circular in cross section and length
considerably greater than the diameter.

- Flexible Insulation

A material that tends to conform to the shape
of the surface against which it is laid, or is so
designed as to alter its manufactured shape to
accommodate bends and angles.

- Foamed In-Situ Plastics

Cellular plastics produced in situ and foamed
by physical or chemical means.

- Glass Cloth

Fabric woven from continuous filament or
staple glass fiber.

- Glass Fiber (Glass wool)

Mineral fiber produced from molten glass.

- Lacing Wire (Tie wire)

Light gage wire, single or multi_strand, used
for lacing together adjacent edges of mattresses
or of metal covering, or for securing insulating
material on substantially flat surfaces.

- Lags

Preformed rigid insulation for longitudinal
application to cylinders larger than those for
which pipe section are available. There are
three types as follows:

a) Plain Lags

Lags having rectangular cross section, for
use on cylinders of such diameter that this
shape conforms sufficiently closely to the
surface.

b) Beveled Lags
Lags similar to plain lags, but with one or
more edges beveled.

¢) Radiuses and Beveled Lags

Beveled lags with faces curved to fit the
surface of the cylinders (sometimes known
as curved and beveled lags).
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- Loose-Fill Insulation

Material in the form of powder, granules,
foamed, expanded or exfoliated aggregate or
loose or pellet fibers, used in the dry state as a
filling for cavities, casings or jackets.

- Mastic

A relatively thick consistency protective finish
capable of application to thermal insulation or
other surfaces, usually by spray or trowel, in
thick coats, greater than 0.75 mm.

- Mattress

A flexible construction comprising an
insulating material faced on one side or both
sides, or totally enclosed with fabric, film,
paper, wire netting, expanded metal or similar
covering attached mechanically to the
insulating material.

- Metal Cleading / Jacketing

Sheet metal fitted as a protective finish over
insulation.

- Mineral Fiber

A generic term for all non-metallic inorganic
fibers.

- Mineral Wool

A generic term for mineral fibers of a woolly
consistency, normally made from molten glass,
rock or slag.

- Mitered Joint

A joint made by cutting (mitering) preformed
pipe sections to fit around bends in a pipeline.

- Pipe Sections

Sections of insulating material in cylindrical
form suitable for application to pipes.

- Plastic Composition

Insulating material in loose, dry form, prepared
for application as a paste or dough by mixing
with water, usually on site, and normally
setting under the influence of heat applied to
the internal surface.
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- Preformed Insulation

Thermal insulating material fabricated in such
a manner that at least one surface conforms to
the shape of the surface to be covered and
which, when handled, will maintain its shape
without cracking breaking, crumbling or
permanent deformation.

- Rock Wool

Mineral wool produced from naturally
occurring igneous rock.

- Securing Bands

Bands of metal (suitably treated as may be
necessary to minimize corrosion), or of plastics
material, used for securing insulation to pipes
or other structures.

- Self-Setting Cement

Finishing material, based on Portland cement,
that is supplied as a dry powder and, when
mixed with water in suitable proportions, will
set without the application of heat.

- Sprayed Insulation

An adherent coating of insulating material.

- Thermal Conductivity

The thermal transmission through unit area of a
slab of a uniform material of unit thickness
when unit difference of temperature is
established between its faces [W/(M.K)].

- Thermal Insulation

A material or system that has the property of
resisting the transfer of heat.

- Vapor Barrier
Water-vapour-retarding layer

A vapor check with water vapor Permeance not
exceeding 0.067 g/(s.MN), when tested in
accordance with BS 2972

- Weather Barrier (Weather Coat)

A material or materials which when installed
on the outer surface of thermal insulation,
protects the insulation from the ravages of
weather, such as rain, snow, sleet, wind, solar
radiation, atmospheric contamination, and
mechanical damage.
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4. PURPOSE OF THERMAL INSULATION

Thermal insulation may be applied for one or
combination of the following purposes:

4.1 Saving of energy by reducing the rate of heat
transfer.

4.2 Maintenance of process temperature.

condensation,
undesirable

4.3 Prevention of freezing,
vaporization or formation of
compounds such as hydrates.

4.4 Protection of personnel from injury through
contact with equipment.

4.5 To prevent condensation on surface of
equipment conveying fluids at low temperature.

4.6 To avoid increasing the temperature of
equipment from outside fire.

4.7 To conserve refrigeration.

5. DESIGN
5.1 Exchange of Design Data

5.1.1 Information to be supplied by the
purchaser

The purchaser should state either:

a) Precise details of the insulation

requirements;

b) The service conditions for which the
insulating materials are required so that the
insulating contractor can make recommend-
dations.

In the case of (b) if required by the contractor , the
purchaser should submit information on 5.1.1.1 to
5.1.1.8
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In all cases it is important that all aspects of clause
5-1 should be agreed between purchaser and
manufacture or contractor before a contract is
drawn.

In the case of (b) the Purchaser should provide the
relevant information detailed in 5.1.1.1 and
5.1.1.2.

5.1.1.1 Details of plant to be insulated

a) Whether indoors, outdoors but protected,
outdoors exposed to weather, enclosed in ducts
or trenches below ground level, under ground
and under water.

b) Any difficult or unusual site conditions that
can influence the selection or application of
insulating materials, or both, e.g., in regard to
transport, scaffolding, weather protection or
excessive humidity.

¢) Type of material to be insulated, with details
of special or unusual materials.

d) Dimensions of surfaces either adequately
detailed on drawings, preferably coloured to
indicate areas to be insulated, or otherwise
detailed, giving :

- Surface dimensions of flat or large curved
areas;

- External diameters of pipes;
- Lengths of each size of pipe;

- Number and type of pipe fittings, e.g.
flanged joints, valves ,tees, bends with radius
and angle;

e) Details of any pipe_work sections that are to
be trace heated, of the trace-heating method
and of the arrangements of insulation required,

f) Details of any sections to be left temporarily
or permanently Uninsulated to facilitate
testing, e.g., welded and flanged joints.
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5.1.1.2 Operating Conditions Syl ope bl s Y-1-1-0

The temperature condition should be as follows: el 0l drogs 5 8 4 Les Ll

a) Normal working temperature for each
portion of the plant to be insulated.

b) Maximum and Minimum temperature for
each hot surface, if different from (a).

¢) Ambient temperature

The range of ambient air temperatures,
velocities and for condensation control, relative
humilities. As it is difficult to measure with
accuracy either the surface temperature or the
heat loss from the surface of the insulation
under site conditions, site measurements
should be interpreted with reservation;

d) Any requirement to prevent condensation on
the outer surface of an insulated pipe or vessel
containing cold media.

Notes:

1) A specified temperature on the surface of
the insulation may be required for the
following:

a) To protect personnel, e.g., local insulation
of hot pipes;

b) To provide local comfort condition’s, e.g.,
at control panels and in operating galleries;

¢) To provide a means of indicating the
effectiveness of the insulation. This is
deprecated, as the surface temperature will
depend upon the diameter over the insulation,
on the ambient conditions, and on the nature
of the outer surface. Pipes of small diameter
will show relatively low surface temperatures,
but high unit rates of heat loss; air flow over
the outer surface will tend to reduce the
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surface temperature but will increase the unit
rate of heat loss; a polished metal surface will
show appreciable increase in surface
temperature compared with a non-metallic
finish although the unit rate of heat loss will
be reduced.

2) Normally, the theoretical heat loss will be
based on the manufacturer’s declared value of
thermal conductivity and, unless otherwise
stated, it will refer to conditions of ambient
still air at 20°C. When making use of these
theoretical figures, therefore, allowance has to
be made for the effect of the ambient
conditions at site and for supplementary heat
losses such as will occur through supports,
hangers, valve control wheels and other
fittings. It should be noted that "thermal
efficiency" 5.4.5 is not included.

As it is extremely difficult to measure with
accuracy either the surface temperature or the
heat loss from the surface of the insulation
under site conditions, some reservation should
be made when interpreting site measurements.

5.1.1.3 Preparation of surfaces (see IPS-C-TP-
101)

Special requirements, e.g., for the removal of
works-applied protective paint or lacquer, or for
the application at site of paint or other protective
coating to the surface to be insulated, should be
clearly stated.

5.1.1.4 Types of fitting and supports

Types of fittings and supports (e.g., welded
attachments, bolted fittings) and whether or not
these are to be provided by the purchaser should
be stated.

5.1.1.5 Type of insulation required
a) Main insulation for each portion of plant,
e.g., preformed, plastic composition, flexible,

loosefill, insulating concrete.

b) Insulation for bends, flanges, valves,
hangers and other fittings.
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5.1.1.6 Type of finish required

For example, hard-setting composition or self-
setting cement, weatherproofing compound, sheet
metal.

5.1.1.7 Special service requirements

For example, resistance to compression, resistance
to fire, resistance to abnormal vibration. If there is
any special hazard from contact with chemicals or
oils on the plant, attention should be drawn to this.

5.1.1.8 Basis on which the thickness of
insulation is to be determined

The following are examples of deciding factors in
the thickness of insulations :

a) Specified temperature on outer surface of
insulation (see Note 1 of 5.1.1.2).

b) Specified heat loss per unit dimension,
linear or superficial (see Note 2 of 5.1.1.2).

¢) Economic thickness (see Note 1).

d) Specified conditions of temperature for the
surfaces to be insulated (see Note 2).

e) Specified conditions of fluid at point of
delivery.

f) Special thickness requirements. (temperature

maintenance )

g) Frost protection

When insulating for more than one purpose,
the most stringent design parameter (s)
should apply.

Notes:
1) If the economic thickness is required to be

calculated the following additional information
will be necessary:
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a) Cost of heat to be used for calculation
purposes, e.g., dollar per useful mega joule;

b) Evaluation period (working hours);

¢) Whether or not the cost of the finish is to
be included in the calculation.

2) Insulation to provide specified conditions at
the boundary surfaces of the containment
system may be required for reasons such as:

a) To avoid differential thermal expansion
between the insulated surface and adjacent
structures;

b) To prevent condensation of moisture on
the internal surfaces of the containment
system, e.g., in waste gas flues;

¢) To prevent the condensation of moisture
on the external surface of insulated plant
containing cold media;

d) To ensure that the walls of the containment
system are not subjected to excessive
temperatures.

Each  application shall receive  special
consideration when such factors as these are
operative as they may be of dominant importance
in controlling permissible heat losses.

5.1.2 Information to be supplied by the
manufacturer or contractor

a) Information pertaining to the relevant
portions of 5.1.1.

b) The manufacturer’s declared value of
thermal conductivity (A) for the temperature of
used, plus the corresponding bulk density. The
manufacturer’s declared value should include
any necessary commercial tolerances; When
the thermal conductivity is liable to change on
aging, the aged value should be stated.

¢) Limitations of use, physical and chemical.
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d) The overall thickness, with details of the
thickness of the individual layers.

e) Information surface

preparation.

regarding  the

f) The appropriate section of the code (to be
specified) with which the following are in
accord:

1) Insulating material.

2) Reinforcement (if any).

3) Fixing devices and finishes.

5.1.3 Drawings and documentation

If requested, the insulation contractor should
provide drawings showing details as follows:

a) Type and spacing of required insulation
attachments; Cleading supports.

b) Particular methods to be adopted when
applying material;

¢) Any special design;

5.2 Factors Affecting Planning and Programming
(see IPS-C-TP-701)

5.2.1 Because insulation contractor§ operations on
site are dependent upon the progress of other
contractors, the insulation contractor should
provided with details of expected programmes that
will be used to control the work on site.

5.2.2 Examples of factors that could affect the
insulation contractors work are as follows:

a) Programme of commencement and

completion dates;

b) Availability of materials and labour;
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¢) Responsibility for the supply and application
of securing attachments;

d) Preparation of surfaces;

e) Areas to be left free insulation on a
temporary basis;

f) Precise information on extent of work
covered by contract;

g) Limitations of access to work;
h) Arrangements for dealing with repair and

modification work;

i) Conditions of employment at site, including
the working week, labour and supervision
required;

j) Transport facilities;

k) Storage for materials;

1) Availability of water, power, heat and light;

m) Accommodation and canteen facilities
(including lodgings);

n) Provision of access equipment;

0) Special safety and security regulations
(including advice on health hazards);

p) Restriction on mixing compositions;

q) Protection of adjacent plant and machinery;

r) clearing waste material from site;

s) provision of weather- protection during
installation.

los Lk 5 a5 L5 0 Sy (g

‘Cﬁ"a'“’ LS)L“’ oolel ©

gl o Bile C8ge jolay a5 bl (&

tobomy SIS i i b adayl, o 580 aledbl (g

O 4 (o Blge (5

(s g Ol pand 4 (S, g Swlea (T

o o) tin Jals e o plagial Lyl (b
Sl 390 (S 5 (Sl

(o> LISl (s

e coslil (S

tlidsy 9 Oyl i ol Gog uytws 50 (J

O alex D e, 5 (2, as (e
O o

2T aleal @) ol bla> 5 sl Ol yhe (o
(oo Sl plaz 51 jols

(LS 5 0,5 bbb Cusgas (g
fglme YT pile g 45157 51 cbsla> (&

OB oo sl ol olse il (o

el (e 50 (S92 Jwlge ply o cbblaa ((§

5.3 Selection of Thermal Insulating Systems ol Bl gable oluil ¥-0
5.3.1 Optimum effectiveness ollao Of 51 1-Y-0
The use of thermal insulation shall be so arranged ilheskhe Jlas ail ol 6se Wb Gl &l o5
that the optimum effectiveness is derived from all asls L )8 ddied 5 058 Jol> el alele syl als

components of the complete system, bearing in

17



IS

Nov. 2009 / \YAA ,37

IPS-E-TP-700(1)

mind always any economic limitations that may
be imposed by the purchaser. Where optimum
effectiveness cannot be obtained, as a result of
economic or other limitations, it is the duty of the
insulation contractor to advise the Company to
this effect, giving the reasons for his opinion.

There should be quality control at all stages of
manufacture of materials and at all stages of their
storage and application at site. The required life
of the insulation systems should be considered
because this effects the annual cost and hence the
economic thickness. If the plant has only a short
life , an inexpensive insulation system may be
considered, if the plant has a longer life should be
considered as being perhaps the more economical.

When the technical requirements of the
application have been met the total cost (as
distinct from the initial cost). The life time of the
insulation should be prime consideration (see
5-4-2 economic thickness).

5.3.2 Extent of system
A thermal insulating system shall include the
following:

5.3.2.1 The required attachments to the surface to
be insulated.

5.3.2.2 Means of securing the insulation system to
those attachments, where appropriate, or to the
surface directly.

5.3.2.3 The types and thicknesses of the insulating
materials to be used.

5.3.24 Means of protecting the insulating
material, other than the outer finish, e.g., vapor
barrier. This could also be extended to include
initial protection of the surface to be insulated,
e.g., from corrosive attack and to joint sealants.

5.3.2.5 Reinforcing materials.
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5.3.2.6 Finishing materials.

5.3.2.7 Protection against weather.

5.3.2.8 Protection against mechanical damage.

5.3.3 General

Consideration shall be given individually to
systems for pipework, to flat surfaces (e.g., air
ducts, gas flues, walls of drying ovens, walls of
large boilers, etc.), and to vessels, tanks, and large
curved surfaces.

The components of the system shall be
appropriate to the specific requirements of use.
Generally, materials to be exposed to outdoor
weather will differ from those used indoors, if
only in the type of finish employed. Different
types of system are likely to be required for the
following ranges of application.

5.3.3.1 Refrigeration (-100°C up to +5°C).

5.3.3.2 Chilled and cold water supplies, industrial
use.

5.3.3.3 Central heating, air conditioning, and
domestic hot and cold water supplies (10°C up to
200°C).

5.3.3.4 Process pipework and equipment (from
ambient temperature up to 870°C).

5.3.3.5 Dual temperature systems, e.g.,
refrigeration with occasional use at higher
temperatures.

5.3.3.6 Heat transfer fluid systems.

5.3.4 Factors for consideration

The main controlling factors that shall be
considered at an early design stage are outlined as
following: Attention should be paid to detail at
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design stage to ensure the effectiveness of the
complete system.

5.3.4.1 Temperature

Thermal insulation on plant operating at
temperatures below the dew point of the
surrounding air has to be kept dry, both before and
after application. This means that some form of
vapor barrier is essential. For elevated
temperatures the insulating material has to be
adequately resistant to the highest temperature
involved under eventual service conditions.

5.3.4.2 Mechanical stability

The system, including the insulating material, the
method of fixing, and the finishing material, has
to be capable of giving effective service during
it’s design life. This is of special importance for
certain plant in which access for repair work may
be difficult. At all times the system should have
good resistance to vibration , mechanical damage
and thermal movement , and it should retain its
effectiveness and stability in service.

5.3.4.3 Resistance to degradation

This requirement can have wide implications,
from resistance to vermin and fungoid attack, to
freedom from fire hazard. Also it will include
resistance to the required environmental
conditions, e.g., adequate weather resistance for
outdoor service as well as resistance to accidental
spillage of oils or other chemicals. The insulating
material itself should not tend to dissociate nor to
disintegrate.

5.3.4.4 Thermal effectiveness

A low thermal conductivity figure for one test
sample may not be a reliable guide to the thermal
effectiveness of a complete insulation system
during prolonged periods of service. There shall
be adequate quality control at all stages of the
manufacture of materials and at all stages of their
application at site.
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5.3.4.5 Type and dimensions of the plant to be
insulated

The size and configuration of the plant will have
an important bearing on the suitability of a
particular insulating material, as well as on the
reinforcement, means of securing, and type of
finishing material to be used. Particular care will
be required with large flat areas, especially when
elevated temperatures may cause extensive
thermal movements.

5.3.4.6 Compatibility of the components of the
system

Care shall be exercised to avoid the use of
solvent-based adhesive or polymeric finishing
compounds where these may attack the main
insulating material, e.g., polystyrene. Also it is
important to avoid corrosion problems, e.g., those
caused by electrochemical action between bimetal
under possible humid conditions.

5.3.4.7 Total weight of the insulation

Although substantial thicknesses of insulating
material may be desirable for energy saving,
consideration shall be given to the resultant need
to provide additional supports, especially if a
heavy metal finish is to be used for mechanical
protection. On the other hand, a fibrous or
exfoliated loose-_fill insulating material of low
bulk density, with a lightweight finish, may tend
to disintegrate or to settle under service conditions
where there is substantial vibration, caused for
example by road vehicles.

5.3.4.8 Potential hazard to health (see 7.1)

It is now realized that certain types of fibrous
insulating materials, notably asbestos, and certain
finely divided aggregated such as crystalline
silica, can be a hazard to health when inhaled into
the lungs. While only asbestos-free insulation
should now be used, appropriate care should be
exercised to ensure that the selected insulation
system is a safe one, bearing in mind the probable
need for subsequent removal of the insulation.
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5.3.4.9 Corrosion hazard (see 5.7)

As no insulating materials, with the possible
exception of multiple-foil stainless steel, are
substantially free from soluble chlorides, adequate
protective measures shall be adopted as an
essential part of the insulation system when the
surface to be insulated is sensitive to chloride
attack, e.g., austenitic steels. In such cases these
precautions may include covering the surface with
aluminum foil, or treatment with suitable
protective compound. (See IPS-E-TP-100.)

5.3.4.10 Fire hazard (see 7.1 and 5.4)

It is possible to provide some form of protection
for insulation that would otherwise be flammable
by careful choice of a finishing material or outer
sheet cover, but this may only obscure a
dangerous condition within the system.
Conversely, some forms of covering materials
may themselves introduce a fire hazard that would
not otherwise have existed, e.g., certain types of
weatherproofing materials.

5.3.4.11 Space for insulating system

Sufficient space should be provided during plant
design to enable the chosen insulating system to
be correctly installed and maintained.

5.4 Design Considerations
5.4.1 General

Thermal insulation for plant and equipment is too
often considered at so late a stage in the design
and erection sequence that the insulation
contractor has to submit a scheme under pressure
of time. The ultimate cost of insulation should be
an important factor but it is by no means the only
one and the designer will base his considerations
on having the right material, in the right amount,
and in the right place.

Purchase, delivery and application at the right
time are not the main concern of this section but
guidance is given for assessing the influence that
design considerations will have on the choice of
the right material in the right amount. It is
unlikely that any problem will arise for which all
the factors discussed here will need to be
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considered but every factor is dealt with in
sufficient detail to ensure that it will be of
practical value when required.

Followings are technical information to help when
selecting the appropriate insulating system for
most requirements.

5.4.2 Economic thickness

Where the sole object of applying insulation to a
portion of plant is to achieve the minimum total
cost during a specific period, the appropriate
thickness is known as the economic thickness.

To some extent the relevant calculations are
unsatisfactory as they relate only to money values
rather than to the conservation of energy and they
require assumptions that are mainly arbitrary. The
principle is to find at what thickness further
expenditure on insulation would not be justified
by the additional financial saving on heat to be
anticipated during the period (the "evaluation
period"). An increase in the amount of insulation
applied will raise the initial installed cost, but it
will reduce the rate of heat loss through the
insulation, so reducing the total cost during the
evaluation period. (See Appendix A for
calculation and 5.5 for relevant table under
specific condition.)

5.4.3 Applications for which economic

thicknesses are not appropriate

Technical requirements should take precedence
over economic considerations when the insulating
material is required for the following purposes.

5.4.3.1 To maintain fluid inside a plant system
within  specific  temperature limits, e.g.,
refrigeration plant, or plant containing fluid of low
"freezing point".

5.4.3.2 To ensure that a fluid in a pipe has
specified physical properties at the point of
delivery.

5.4.3.3 To avoid danger to personnel, e.g., from
items of plant at low temperature, or items of
plant carrying low-grade heat such as drains and
waste gases.
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5.4.3.4 To control thermal movement of items of
plant, particularly those exposed to high
temperatures.

5.4.3.5 To limit the temperature of portions of hot
plant in order to avoid damage by excessive
temperature.

5.4.3.6 To prevent condensation of moisture on
the external surface of the insulation of "cold"
plant, and to maintain the internal temperature of a
system above a specified minimum in order to
avoid corrosive attack, e.g., from condensation of
acidic products resulting from the combustion of
heavy fuel oil.

5.4.3.7 To improve ambient comfort conditions.
(See 5.5 for relevant tables).

5.4.4 Effect of air spaces

It should be noted that an air space is much less
effective for thermal insulation purpose than a
space of similar dimensions filled with one of the
convectional insulating materials. This fact is of
particular significance at elevated temperatures.

The provision of air spaces for thermal insulation
purposes is not recommended. But air spaces may
be incorporated between insulation and finish for
economic or drainage requirements.

An air cavity, bounded normal to the direction of
flow of heat, can act as an insulating material, but
its efficiency may vary in accordance with the
influence of many factors, of which the following
are the most important.

5.4.4.1 Width of the cavity between the boundary
surfaces.

5.4.4.2 Extent of ventilation of the cavity.

5.4.4.3 Nature of the boundary surfaces.

5.4.4.4 Mean temperature of the boundary
surfaces.

5.4.4.5 Effect of barrier sheets that may be
interposed in the path of the flow of heat.
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5.4.4.6 Orientation of the cavity.

5.4.5 Thermal efficiency

Thermal efficiency as applied to insulation does
not represent a self-evident idea; it is not a
question of energy being partly used
constructively, and partly rejected or wasted.
Nevertheless the term has had some popular use
for a long time for expressing the effectiveness of
some particular piece of insulation in preventing
heat loss from some particular surface in given
design  conditions.  Dimensions are not
automatically defined, and this effectiveness of
insulation, or thermal efficiency, may be written
simply as a ratio or expressed as a percentage.

heat flow without insulation - heat flow with the insulation

heat flow without insulation

This ratio has been used in specifications to
instruct the designer or supplier what the
insulation requirement is. It is unusual to define
anything other than the supposed temperature of
the hot surface and possibly the wind speed, and
certainly not the many other factors that also
influence the heat loss from a surface.

5.4.6 Specified conditions at the point of
delivery

When it is necessary that a fluid shall emerge
from a pipeline or duct system under specified
physical conditions, the selection of insulating
material and the thickness applied require special
consideration that shall take into account the rate
of mass flow and certain physical properties of the
fluid to be conveyed through the system;
economic considerations may well become of
secondary importance.

5.4.7 Protection of boundary surfaces

Although the more conventional applications of
insulating materials are concerned with restricting
loss of heat to the surroundings or gain of heat
from those surroundings, dependent on whether
the ambient temperature is less or greater than that
of the surface to be insulated, it may be necessary
to apply insulating materials to an area of plant for
other reasons, the principle ones being:
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5.4.7.1 To control the extent of thermal movement
of the portion of plant.

5.4.7.2 To protect the boundary material from
excessively high or low temperatures.

5.4.7.3 To regulate the temperature of an area of
plant to prevent deterioration.

5.4.7.4 To protect personnel.

5.4.8 Clearance between insulation and the
surrounding surfaces

5.4.8.1 One of the chief problems when insulating
complex plant is to provide for adequate access,
and it is of prime importance that this shall be
taken into account when designing the plant and
pipe layout.

5.4.8.2 A minimum clearance of 50 mm beyond
the full extent of thermal movement shall be
allowed between insulated plant and structural or
other insulated surfaces, except where the shielded
depth is greater than 300 mm. In such cases, or
where pipe banks against walls or ceilings are
involved, the designer shall envisage the sequence
of the fixing of the insulating material and its
finish and shall make all necessary provision.

5.4.9 Provision for differential thermal

movement
5.4.9.1 Hot surfaces

Due to the difference in expansion coefficients of
metals and insulating materials it is necessary to
make allowance for the differential movements
between the hot surface, the insulant and the
finish.

As a guide it is recommended that such
allowances or expansion joints be inserted at the
following intervals:
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(m?.K) and X =% =37.8 mm

From which L = 28 mm (approximately).

Further approximations to the surface
coefficient do not affect this result significantly
and therefore the required thickness is not less
than 28 mm.

C.4.2 Example 2: To check the outer
surface temperature of a given thickness of
insulation for comparison with the dew point
temperature using the heat loss equations

The user is frequently faced with a limited
choice of insulation thicknesses. It is necessary
to compare the outer surface temperature of a
selected thickness with the dew point
temperature, to determine whether or not
condensation is likely to occur.

The calculation can be made using the value of
x obtained from Fig. A.2 and the equation

from C.1 or using an equation for the surface
temperature.

A pipe of 168.3 mm outside diameter carrying
fluid at 0°C and located in air at +26°C and
85% relative humidity is to be insulated with
material of thermal conductivity 0.035
W/(m.K). Calculate the surface temperatures of
insulation thicknesses of 30 mm and 40 mm for
finishes of high emissivity and compare them
with the dew point temperature.

From the heat transfer equation:
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d d
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By substitution:

(o098 el b

6, -6
*Thd
107 —In
24
The outer surface temperature of a 30 mm and
a 40 mm insulation thickness is calculated as
follows:
a) For 30 mm insulation thickness
Insulation outside diameter, d1 = 168.3 + 60
= 2283 mm. From Table C.2 an
approximate value of 7.2 is taken for h.
There for :
0.26

mn +0

(le +1
do

) Gl yado T g Ve Culbro b il (o 5 mhaw sleo
1 glieas Ao

oo Yo Coles b 3o le gl (I

J ieskee dl = 1683 + 60 = 2283 gl )5 kb
Dl o s ah 6l 7.2 o8 ol Yoz Jeo

ol plo

+26=+22.8¢0

02 = 72x2283 . (2283
10—3 =X 'In( ]

2x0.035

Om-6,=26°C -22.8°C =+3.2°C. Thus, a
second, closer approximation of 7.5 is taken
for h, from which 8, =+22.9°C.

From Table C.1, the dew point 03 = +23.2°C
and therefore condensation would occur.

b) For 40 mm insulation thickness
Insulation outside diameter, d1 = 168.3 + 80
= 2483 mm. From Table C.2 an

approximate value of 7.2 is taken for h.

There for

0.26

168.3

o=l ol O - 0, = 26°C - 22.8°C = +3.2°C

Ol aS o sbah Gl 7.5 pgs o8 oy 2SS0y
Dg ca ol il ax 0 @, =422.9°C
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Sl aalys &, B
yoadso Fo Coolis b @l olp (@

3l yesdee d1 = 1683 + 80 = 2483 sl > > s
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+26=+23.6°C

0y =
2 3 7.2x2483

10
2x0.035
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On-0,=26°C—23.6°C=+2.4°C. Thus, a
second, closer approximation of 7.5 is taken
for h, from which 8, =+23.7°C.

From Table C.1, the dew point 63 = +23.3°C
and therefore condensation is unlikely to
occur.
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APPENDIX D

WATER-VAPOR PERMEANCE FOR SOME
VAPOR-BARRIERS AND THE
CONVERSION FACTORS

9 Wiy, By 51 (B gl o Hlu 5204388

Jow ol

TABLE D.1 - WATER-VAPOR PERMEANCE CONVERSION FACTORS

Gl — )b iy 398 o ulps V-0 Jous

) g /( m* 24h Ib/(fh
g/ (em”s En(lmH ) 1b / (f*h aztm) mliar) gt/ (f* h inHg) Temperate Trogical
¢/ (s MN) mbar) [ (see note ) (see note 4) =1 perm g/ (m*24 h) ¢/ (m” 24h)
i) fp 5 lesS oLyt s “4“5_) et Colu guye Sgilaigy | &raAe e Joee syl
(5o & ol L itz Gl jlad 2l b ke (o5 gl )Led 5 P i) e P e e
K .
O oo 4t (o3 yasks ezl Vdfs‘dh. D | b o sl Az o= (celo V¥ (elo YE
(395 (595
2/ (S . MN) (o Ko asl)a,s | 1 1x10°% 1.152x10 7.471x10° 5.161x107 1.749%10 2.052x10° 5.149%10°
s e
¢/ (cm? s mbar) Ol oo 45l & yo owiilin)lp 5 1x10% 1 1.152x10° 7.471x10° 5.161x107 1.749%10° 2.052x10" 5.149x10'°
D! &yl
¢/ (m® 24 h mm Hg) 5 10 3 2
(o onbn L6 GO el YF s e el 5 8.681x10 8.681x10 1 6.486x10 4.481%10 1517 1.782x10 4.472x10
1b ( ft° h atm ) (see note 2)
anzle Vs ygloly a)humas] JLid sl ope 038 isy | 33910 1.339x107 1.542x102 1 6.909 2339x10? 2.747x10% 6.896x10°
[CT™
g/ (" h mbar) (see note 4) 1.937 1.937x10° 2.233x10 1.447x10" 1 3.388x10 3.975x10° 9.980x10?
T . e B B x . X K x . X X X A %10~
(gd as2lpe T 65510k )OL (oo cbays gipe 085
v/ (2 hinHg)) = 1 perm ,
g __g P e . < | 5719%107 5.719x1071° 6.590x10™! 4275%107 2.951x107 1 1.174x10 2.948x10
sl 420 =(ogez gl )b celoys e 58l S
Temperature g/ (m” 24h) Y ;5 w0 )l 5 Jotae 4.874x10° 4.874x10™"! 5.613x107 3.641x10" 2.515%10° 8.514x107 1 See note 3
Tropical g/(m” 24h)  (celo Y¥ o a0 0)lp 5 il 1.942x10° 1.942x10™" 2.236x10° 1.450x10* 1.002x10° 3.392x10? See note 3 1

Notes:

o 5 )slol

1) To convert units in the first column to the
units shown in the heading, multiply by the
factor given at the intersection of the
appropriate row and column.

2) This was the term used by the building
industry.
3) No conversion from temperate to tropical is

shown for the reasons given in Clause 46 of
BS 2972:1989.

4) The symbol gr’ refers to grains.
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Note:

Figure D-1 is based on the difference between the
dry bulb temperature of a ambient air at 10°C and
the temperature of the plant under normal working
conditions on account of a lack of vapor barriers
under precise knowledge about the properties and
behavior of vapor barriers under all conditions and
with a variety of insulating materials. The
suggested permeance values for the vapor barrier
are indicate by shaded area rather than by
continuous line.
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APPENDIX E

CORROSION CONSIDERATION IN
DESIGN AND APPLICATION OF
THERMAL INSULATION

E.1 General

The proliferation in recent years of corrosion
failures of both steel and stainless steel under
insulation has caused this problem to be of great
concern to the operators of petroleum-, gas-, and
chemical-processing plants. Piping and vessels are
insulated to conserve energy by keeping cold
processes cold and hot processes hot. Once a
vessel is covered with insulation and operating
satisfactorily, concern for the condition of the
metal under insulation usually diminishes. Thus,
corrosion of steel and SCC of stainless steel
begins and develops insidiously, often with
serious and costly consequences many years later.
To deal with corrosion under insulation effectively
and economically, a systems approach must be
developed that considers the metal surface,
temperatures, water, insulation, and design.

Corrosion of steel under insulation did not receive
a great deal of attention by the corrosion
engineering community until the late 1970s and
early 1980s. Although considerable attention was
being given to the SCC of stainless steel under
insulation (see below), steel vessels and piping
were rarely mentioned. This situation existed
because of the slow corrosion rate of the steel
equipment, together with the fact that many large
hydrocarbon-processing plants were built 10 to 20
years earlier.

The most significant turn of events, which
fortunately revealed the corrosion problem to
many, was the energy shortage and the resultant
emphasis on energy conservation. The effort to
conserve energy soon led to replacement of much
of the 10 to 20 year-old insulation with more
efficient systems. As the old insulations were
removed, localized, often severe corrosion
damage was found.
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Corrosion of steel and of stainless under thermal
insulation are discussed separately, because the
nature of the problem, aside from the presence of
insulation, is different.

E.2 Corrosion of Steel Under Insulation
E.2.1 The problem

Steel does not corrode simply because it is
covered with insulation. Steel corrodes when it
contacts water and a free supply of oxygen. The
primary role of insulation in this type of corrosion
is to produce an annular space in which water can
collect on the metal surface and remain, with full
access to oxygen (air).

The most active sites are those where the steel
passes through the insulation and on horizontal
metal shapes, for example, insulation support
rings where water can collect.

The other major corrosion problem develops in
situations where there are cycling temperatures
that vary from below the dew point to above
ambient. In this case, the classic wet/dry cycle
occurs when the cold metal develops water
condensation that is then baked off during the
hot/dry cycle. The transition from cold/wet to
hot/dry includes an interim period of damp/warm
conditions with attendant high corrosion rates.. In
both cases, if the lines had operated constantly
either cold or hot, no significant corrosion would
have developed.

E.2.2 The mechanism

The corrosion rate of steel in water is largely
controlled by two factors: Temperature and
availability of oxygen. In the absence of oxygen,
steel corrosion is negligible.

In an open system, the oxygen content decreases
with increasing temperature to the point where
corrosion decreases even though the temperature
continues to increase (Fig.E.1). A number of
recent case histories of corrosion under insulation
have been reviewed, and the estimated corrosion
rates have also been plotted in Fig.E.1. These filed
data confirm that corrosion of steel under
insulation increases steadily with increasing
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temperature, matching the curve for a closed
system.
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Fig. E1-EFFECT OF TEMPERATURE ON CORROSION OF STEEL IN WATER. DATA POINTS
ARE FROM ACTUAL PLANT MEASUREMENTS OF CORROSION UNDER INSULATION

g Als 15 40 55,95 #Bly s S ojlusl I osls bl .ol jo 3¥gd 55,95 p lod Ji-V-» JSb
wd @ile oolo g3 0

The problems of steel corrosion under insulation
can be classified as equivalent to corrosion in a
closed hot-water system. The thermal insulation
does not corrode the steel, but, more correctly,
forms an annular space where moisture collects.
The insulation also forms a barrier to the escape of
water or water vapors, which hastens the normal
corrosion rate of wet steel.

In an attempt to determine which insulation
contributes most and which contributes least to
corrosion of steel, tests were conducted that
compared 12 common insulation materials.

After a 1-year exposure to the elements, dousing
with water, and daily heating with steam, it was
concluded that, although the insulation materials
that absorbed water developed higher corrosion
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rates than those that did not the difference
between the two was not great. Therefore, efforts
to select a type of insulation to prevent corrosion
would not be practical. Field observation and
reports from the literature confirm that corrosion
of steel occurs under any and all types of
insulation.

E.2.3 Prevention

One attempt to prevent corrosion damage involves
adding a corrosion inhibitor to the insulation.
Inhibitors such as Na,SiO; are added for this
purpose. The practical effects of such an approach
are questionable. In one set of laboratory tests,
inhibited insulation material was submerged in
water, then set out to dry. After several cycles of
wetting and drying, the insulation was found to
have no benefit over uninhibited insulation of the
same brand.

A corrosion inhibitor for insulation must be water
soluble so that it can be dissolved and carried to
the steel surface. If the insulation is waterproofed
on the outside, water will enter through cracks and
openings in the insulation system. This water is in
the annulus and contacts only the inner surface of
the insulation. The water-soluble inhibitor will
soon be extracted and displaced by the water
running down the vessel walls. Therefore, relying
upon a consumable inhibitor for long-term
protection may not be dependable.

If water entry to the insulation/steel annulus is the
problem, perhaps the solution lies in more
effective waterproofing. Advancements in various
metal jacketing, sealants, and mastics have
improved the protection of insulation materials
from water, weather, and man. However, these
waterproofing systems probably do not prevent
water entry, because, in order to seal and prevent
the annulus form breathing with temperature
changes, the seal would have to be equivalent to a
pressure vessel.

Waterproofing systems are designed to keep the
insulation dry. They are not capable of preventing
water vapor and air from contacting the annular
space. In fact, a waterproofing system keeps the
water vapor in the annulus and effectively
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produces the hot-water closed system, with
attendant high corrosion rates.

Therefore, selection of insulation, inhibiting the
insulation, and waterproofing of insulation are not
effective deterrents to corrosion. Instead, a high-
quality protective coating, correctly applied to the
steel before insulation, can offer long term
protection.

In the insulation industry, a primer is sometimes
used, particularly under spray-on foam insulation
materials. It should be understood that the purpose
of the primer is to present a clean surface for
bonding of the insulation. The primer-type paints
are not intended to and will not prevent corrosion
by hot water. The key to specifying a paint system
is to remember that it will be exposed to hot water
vapors, a very severe environment for paints.

The use of inorganic zinc paint as a primer,
coupled with the hot water, will not cause
accelerated corrosion of the steel. Zinc and the
silicate binder are both dissolved by hot water.
Even if conditions favored the zinc becoming
cathodic to steel, the protective coating binder
would dissolve and the coating would break
down.

The advisability of using inorganic zinc under
other protective coatings is not as clear. Some
tests seem to indicate good performance. Others
show that inhibited primers with topcoats achieve
maximum performance in hot-water systems.
Therefore, the main criterion for a protective
coating under insulation is that it resist hot water
and water vapors. This severe service will also
require high-quality surface preparation. For
selecting the suitable paint system. See
IPS-E-TP- 100.

When the oxidation of carbon steel is involved
various methods are available for depositing
protective films on the surface of iron and steel,
e.g., galvanizing, sheradizing, parkerizing,
aluminzing, etc., and these can improve the
resistance to oxidation, although often their main
application is for accessory materials. Attention
should be paid to the possible effect of change of
conditions in service. Thus, at temperatures over
about 65°C under conditions of high humidity, the
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zinc and iron of galvanized wire netting can
undergo reversal of polarity, so that the iron may
become sacrificial rather than the zinc surface
film. In any case galvanized wire shall not be used
at temperatures above 350°C.

Oxidation, with severe scaling and possible loss of
mechanical strength, may occur when a metal is
heated to relatively high temperatures in air, e.g.,
of about 400°C and above for carbon steel, the
condition that may be aggravated by the incorrect
use of thermal insulating material on the external
surface of refractory-lined equipment. This may
raise the metal temperature to dangerous levels. If
it is essential to have both internal and external
insulation, great care is necessary in considering
the effect on the metal temperature.

The formation of white deposits of oxide on the
surface of zinc and certain types of aluminum
sheet, particularly under moist conditions, may be
unsightly rather than dangerous. Both may be
eliminated by cleaning, followed by painting as
necessary or, in the case of aluminum, by the use
of sheets that have received a chemical or
electrolytic oxidation treatment.

E.3 Other form of corrosion which is possible to
occur on carbon steel and the methods of
prevention are as following:

E.3.1 Acidic corrosion

This type of attack is most prevalent with carbon
steels, although many of the non-ferrous metals
are also wvulnerable. A typical example is the
condensation of acidic gases inside a metal flue
when the temperature is allowed to fall below the
dew point of the contained gas; firing with heavy
fuel oils or sulphite residues can be particularly
troublesome, and special attention should be paid
to vulnerable areas of thin metal, e.g., metal
expansion bellows. In most cases the use of
adequate thickness of insulating material to
prevent internal condensation will be an effective
safety measure.
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As most insulating materials absorb water in the
event of unsatisfactory or damaged weather
proofing, there is a serious risk of corrosion from
wet insulation the risk is increased in the presence
of chlorides, nitrates and sulphates which may be
introduced with rain water.

Acidic corrosion on the external surface of carbon
steel can result from the decomposition of
chlorinated organic compounds in certain types of
foamed plastics insulating materials. Normally
this occurs when the products are heated in the
presence of moisture; the attack may be
minimized if the base metal is suitably painted
prior to the application of insulating material. It
should be remembered that even refrigeration
plant may be heated on occasions, e.g., for
defrosting, and that consequent decomposition of
chlorinated organic compounds may occur.

The leakage of acidic gases through areas of faulty
welding or faulty joints can result in corrosive
attack on insulated metal surfaces, and this is the
more dangerous because it is hidden from view.
Also, any sulphur residues, e.g., certain slag
wools, can produce acidic corrosion in the
presence of moisture.

Corrosive attack on unprotected underground
pipework can be dangerous, and -effective
measures should be adopted to avoid this.
Insulating material of low capillarity can retain
local concentration of water inside an insulation
system. Also, the sulphate-reducing action of soil
bacteria under anaerobic conditions can produce
corrosive sulphide compounds; this action is
especially dangerous with pipework buried
directly in the ground. Protective measures will
include coating the metal surface with asphaltic
compounds, and these should be reinforced with
inorganic woven fabric or staple tissue. For some
buried pipework systems, cathodic protection,
e.g., by the use of zinc or magnesium sacrificial
anodes or impressed current at intervals, may be
effective, but generally specialist advice should be
sought for difficult installations, particularly if
there is a danger of contamination by sea water.

E.3.2 Alkaline corrosive attack

Some non-ferrous metals may be attacked by
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alkalis extracted from certain types of insulating
material under moist conditions, e.g., those that
contain appreciable amounts of sodium silicate.
Similar effects may occur with copper, brass, etc.,
and with zinc coating on galvanized surfaces.
Aluminum sheet used to protect calcium silicate is
also vulnerable. Protective measures will include
keeping water out of the system and painting the
metal surface as appropriate or using a factory-
applied moisture barrier.

E.3.3 Intergranular corrosion

Normally this consists of localize attack at the
grain boundaries of ferritic and some austenitic
alloy steels, which arises from the internal
migration and deposition of chromium carbide at
sensitizing temperature over about 400°C.

Where doubt exists, it is recommended that the
accessories should be selected from "stabilized" or
special "low carbon" alloy steels.

E.3.4 Bimetallic (galvanic) corrosion

It is well known that direct contact between many
dissimilar metals in the presence of moisture,
particularly in a marine environment or near the
sea, can result in rapid corrosion of one of the
metals.

When two different metals are in electrical contact
and are also bridged by water containing an
electrolyte (e.g., water containing salt, acid,
combustion product, etc.) current flows through
the solution from the anodic or baser metal to the
cathodic or nobler metal. As a result, the nobler
metal tends to be protected, but the baser metal
may suffer greater corrosion. In the past,
schedules of electrode potentials have been
published which have been of value in drawing
the attention of designers to the dangers of
bimetallic corrosion. Such schedules can,
however, be misleading since the potential
difference between metals, although it is the prime
driving force of the corrosion current, is not a
reliable guide to the rate and form of corrosion
suffered at any particular area of contact. In
particular, statements claiming that specific
differences of potential are safe or unsafe are
unreliable. Thus the use of unsuitable metals for
screws, rivets, welded attachments, and even
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bands, should receive careful attention when such
items are to be selected.

Where there is a danger of bimetallic corrosion,
the metals should be isolated from each other, e.g.,
by plastics washers, insulation tape, bitumen
mastic, or an appropriate paint of adequate film
thickness.

E.4  Stress Corrosion Cracking (SCC) of
Stainless Steel Under Insulation

E.4.1 The problems

During and after World War II, many new
petrochemical plants were built in the United
States. Many of these plants contained equipment
built with the new austenitic stainless steels.
These alloys, such as types 304, 316, and 347,
were widely used to combat process corrosion and
to maintain product purity. As in all chemical
processes, a large percentage of this equipment
was insulated for thermal efficiency.

During this period, corrosion and materials
engineers discovered some of the limitations of
these stainless "wonder metals". In addition to
crevice corrosion and weld decay, the engineers
encountered SCC.

As the insulation systems and their weather barrier
coatings aged, more incidents of SCC under
insulation began to occur in the chemical-
processing industry. In the following years, much
work was done to investigate the problem and the
counter measures.

E.4.2 The mechanism

Soon after the widespread use of the 18-8
austenitic stainless steels, beginning in the late
1930s, it became clear that the CI ion in water
could be very damaging. In addition to causing
localized corrosion, such as pitting and crevice
corrosion, rapid failure was seen in the form of a
fine network of transgranular cracking. This
pattern of cracking is very destructive and is found
on the surface as well as in cross section .
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The theoretical processes of chloride SCC of the
18-8 stainless steels are under investigation.
However, it has been established that four
conditions are necessary for SCC to develop:

- An 18-8 austenitic stainless steel.

- The presence of residual or applied surface
tensile stresses.

- The presence of chlorides; bromide (Br) and
fluoride (F) ions may also be involved.

- The presence of an electrolyte (water).

When these conditions are present, the occurrence
of SCC is highly probable.

The stainless steel alloys susceptible to SCC are
generally classified as the 18-8’s. This includes
the molybdenum containing grades (types 316 and
317), the carbon-stabilized grades (types 318, 321,
and 347), and the low-carbon grades (types 304L
and 316L). Many variations of the basic 18-8 have
been developed in order to combat SCC. These
variations are higher in nickel, chromium, and
molybdenum, and there are also grades with lower
nickel and higher chromium (duplex stainless
steels). All of these alloys are highly resistant to
SCC and therefore not part of the problem of SCC
under insulation.

For SCC to develop, sufficient tensile stress must
be present in the material. If the tensile stress is
eliminated or greatly reduced, cracking will not
occur. The threshold stress required to develop
cracking depends somewhat on the severity of the
cracking medium. Most mill products, such as
sheetplates, pipes and tubing, contain enough
residual tensile stresses from processing to
develop cracks without external stresses. When
the austenitic stainless steels are cold formed and
welded, additional stresses are imposed. As the
total stress increases, SCC becomes more severe.
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The CI ion is damaging to the passive protective
layer on the 18-8 stainless steels. Once the passive
layer is penetrated, localized corrosion cells
become active. Under the proper set of
circumstances, SCC can lead to failure in only a
few days or weeks. Sodium chloride, because of
its high solubility and widespread presence, is the
most common culprit. This neutral salt is the most
common, but not the most aggressive. Chloride
salts of the weak bases and light metals, such as
LiCl, MgCl,, and AICl3, can rapidly crack the 18-
8 stainless steels under the right conditions of
temperature and moisture content.

The concentration of chlorides necessary to
initiate SCC is difficult to ascertain. Researchers
have developed cracking in solutions with
remarkably low levels of chlorides (<10ppm). The
situation of chlorides under insulation is unique
and ultimately depends on the concentration of
chlorides deposited on the external surface of the
metal. The concentrating mechanism is discussed
in some detail in the following paragraphs.
Therefore, the amount of chlorides present
becomes a debatable issue. If any chlorides are
detected, there will probably be some localized
sites of high concentration.

The most important condition affecting chloride
concentration is the temperature of the metal
surface. Temperature has a dual effect: First,
elevated temperatures will cause  water
evaporation, which in turn concentrates the
chloride salts, and, second, as the temperature
increases, the rate of the corrosion reaction
increases.

Finally, chlorides have been discussed because
they are the most common and aggressive of the
halogen family. Bromides and fluorides may also
cause SCC, but are less common and probably
less aggressive.

Water is the fourth necessary ingredient in SCC
Because SCC is an electrochemical reaction, it
requires an electrolyte. As water penetrates the
insulation system, it plays a key role at the metal
surface, depending on the equipment operating
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conditions.

Examination of the phenomenon of corrosion of
steel under insulation provides a better
appreciation of the widespread intrusion of water.

In effect, water must be expected to enter the
metal/insulation annulus at joints or breaks in the
insulation and its protective coating. The water
then condenses or wets the metal surface, or if it is
too hot, the water is vaporized.

This water vapor (steam) penetrates the entire
insulation system and settles into places where it
can recondense. Because the outer surface of the
insulation is designed to keep water out, it also
serves to keep water in. The thermal insulation
does not have to be in poor condition or constantly
water soaked. A common practice in chemical
plants is to turn on the fire protection water
systems on a regular basis. This deluges the
equipment with chloride-bearing water. Some
seacoast locations use seawater for the fire
protection water. Hot food-processing equipment
is regularly washed with tap water, which contains
chlorides. All insulation system water barriers
eventually develop defects. As the
vessel/insulation system breathes, moist air
contacts the metal surface. From the insulation
standpoint, the outer covering acts as a weather
barrier to protect the physical integrity of the
insulation material. The outer coverings are not
intended, nor can they be expected, to maintain an
air-and water-tight system.

E.4.3 Prevention of external SCC

As an understanding of external SCC and its
mechanisms developed, selection of a preventive
method became much easier. Table E.I
summarizes the possible methods of prevention
that apply to each causative agent. As can be seen,
application of a suitable protective coating system
is generally the most economical method,
although other methods are included and may be
practical under certain circumstances.

The critical step then becomes the implementation
of whichever preventive method has been
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selected. Assuming a protective coating has been
chosen, it is necessary to convince project or
operating managers of the benefits of painting
stainless steel. Although painting stainless steel
may at first seem unusual, experienced field
personnel will usually understand the need for
preventive measures.

Application of any protective coating requires a
good specification and inspection. The use of
manufacturer application guidelines and the
knowledge of an experienced inspector are
indispensable in producing an acceptable
protective coating.

Fortunately, protective coatings work very well on
stainless steel because the metallic substrate does
not oxidize or rust. Therefore, coating adhesion
failures are very rare. The main objective is to
achieve a continuous coating at a reasonable cost
that will resist the hot-water environment
encountered under insulation (see also
IPS-E-TP-100).

148

aclite | Sldes olpae boojgn olpae cwl p3¥ el
Ky azsS oyl ablie o5 S5 Ys8 giel S, a5 08
Lol oy S5 4 Jgomayud bl o 05 55 0¥gb (gl
1y &l Slladl @ 5l Ygane aidlate a2l (LSS

2,5 aialex Sy

21 oyl 5 (2 Dlasdie 4yl Bolme 1y o Jloe
5 Bl hwg iig Jlee! slo Josdljsiws 51 ool
JB blas g S o 0 e ooyl Ko (2T

0F S5 Vs 59y p Fblis la by alisedys
S5 L ST 5 s ) cnleie Jos g5 s
Syye O S Dpa (e (S alple e
Jsiire aije b seals il SO (59)5] Sy ol Gaa
alss pglie Ble 5 o0 lae b eled o a5 ol

(555 ax> o IPS-E-TP-100 s Jailis! w)os:


Administrator
Underline


IS

Nov. 2009 / \YAA ,37

IPS-E-TP-700(1)

TABLE E.1 - GUIDELINES FOR SELECTING EXTERNAL SCC PREVENTIVE
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APPENDIX F

INSULATION MATERIALS
SPECIFICATION GUIDE FROM THE NIA.

This chart provides the reader with physical
properties as typically specified in ASTM
material specifications and is a guide to material
properties, but may not be sufficient for writing
specifications.

Note:

1) All properties are for the generic material
type and will vary by grade and by
manufacturer. All properties should be
verified with individual —manufacturers.
Properties that are not stated may or may not
be an indication that a material is not
appropriate for applications depending on that
property. This should be verified with the
specific manufacturer.

2) Surface burning characteristic are valid for
1 inch thickness, verify results for type and
any other thickness with the manufacturer.

3) When a property is out of the specified
usage range it is shown by N/A® . Properties
that are not listed or stated are so shown.

4) All properties listed above are for the core
insulation material only and may not be
indicative of the performance of an insulation
system including vapor retarders, adhesives
and sealants.

5) Many materials can be used for
applications outside of the ranges listed above
but additional precautions must be followed.
The specific manufacture should be consulted
for detailed recommendations.

6) Some values such as specific thermal
conductivities at various mean temperature
may be interpolated value.

7) This chart has been established for products
with current ASTM standards.
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