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Introduction

Rubber World Industry LLC isan ISO 9001:2008 certified that was established in 1993 to
manufacture a versatile range of HVAC&R Rubber Insulation products. Our Products
are sold under our flag ship brand “ Gulf.O.Flex”.

It's a part of the Shaikhani Group of Companies; RWI is a pioneer UAE national

enterprise that is an industry leader in the entire Middle East. Our Manufacturing plant is
located in Ajman, United Arab Emirates.

We cater to over 56% of the region’s requirements for rubber insulation products, we

also trade in complete range of HVAC products.

Apart from Middle East our products are exported to USA, Canada, Africa, Asia and other

countries.

Company Quality Policy

The major factor for our success is due to of all as aspects of quality, management
and supply chain by providing cost effective solution in HYAC & R industries.

All our Insulation products are manufactured as per ASTM & BS Standards using
World Class production Line. The high reliability of all Gulf.O.Flex products is due to
the careful selection of raw materials and constant quality control. Our continuous
efforts in the most appropriate system with perfect balance result of cost-ratio and
customer satisfaction has been the formula for our success.

SHAIKHANI GROUP — REDEFINING GROWTH

Since 1978, Shaikhani Group has distinguished itself as a value- based organization
focused on the customer needs. Be it real estate development, technology,
manufacturing, or international trade, Shaikhani Group has been a torch bearer

showing the path; leading the way.

In a world that gets complicated with every passing day, the group owes its success to
its unflinching focus on the basics: Offering feature-rich projects; long term value-based
relationships with customers and following this with dedicated service. The legacy of
Shaikhani Group is built around the customer and their needs. We are opening our arms

to invite you to our world. Aworld where you can chart your own bright future!






CHAIRMAN'S MESSAGE

| am proud to welcome you to Rubber World Industry LLC, the region's leading

rubber insulation manufacturers. From our humble beginnings we have reached to the

top rung only because of our hard work. With the customer in mind we create solutions
that meet their needs. Our relentless pursuit of excellence, our stringent quality
standards and customer focused solutions have earned us a reputation which is second
to none. With a world class brand like Gulf-O-Flex, the ISO 9001:2008 certification was well
earned by Rubber World. But still we know we have miles to go and day by day we are improving
ourselves to be at par with the global players and compete with the best of the brands in
our industry. Without the support of our esteemed customers and associates, it would not
be possible. We look forward to build a brighter future with you.

Warms Regards,
M

Late Abu Baker Shaikhani
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CLIENTS & PROJECT REFERENCES

RWI is leveraging on the strengths and abilities of the local partners and is now looking
towards tapping into several emerging and advanced markets. The move to consolidate and
maintain our presence in the Middle East region will be a long and interesting journey, but
truly a rewarding one in the end. RWI clients are from diversified industries ranging from oil &
gas to infrastructure from construction to sports.

RWI is continually expanding its vision of engineered foamsto achieve faster, affective and
value-driven solutions, continue supply chain over 90 countries is adding fuel to our
prospective & confidence.

Burj Khalifa and Dubai Downtown

RWI supplied Burj Khalifa and Dubai Downtown
Development project for Emaar Properties with

high quality rubber products for tallest tower

and largest single-phased development in the world.

Green Community

RWI has been awarded the contract to supply AED 875,000
worth of top quality rubber insulation products for the
‘Green Community West Villas and Apartments’ project —

a high profile development of Union Properties (UP).

Al Raha Beach Development

RWI is working on an AED1 million contract to supply
‘Gulf-o-Flex’ rubber insulation products to ‘Al Bandar’ the
prestigious project in Al Raha Beach Development project,
Abu Dhabi by Aldar Properties PJSC.

Sadiyat Island

RWI has bagged an insulation contract for the

‘Saadiyat Island’ projectin Abu Dhabi. The agreement
involves the delivery of AED 600,000 worth of top quality
rubber insulation products for the ‘Manarat Al Saadiyat’
component of the project.

Yas Island

RWI supplied Yas Island’ Development project in Abu Dhabi
under Aldar Properties with high quality rubber products,
in line with the eco-friendly construction processes.
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CASE STUDIES - SRI LANKA PROJECTS

Custom Headquarters, Colombo, Sri Lanka
RWI supplied top quality “Gulf.O.Flex” rubber insulation products for the construction of custom
headquarters in Colombo Sri Lanka.

Bandaranaike International Airport, Colombo, Sri Lanka
RWI has been awarded a contract to supply “Gulf.0.Flex” rubber insulation products
for the development of Bandaranaike International Airport.

Taj Samudra Hotel, Colombo, Sri Lanka
RWI supplied the majestic Taj Samudra Hotel with top quality “Gulf.0.Flex” rubber
insulation products.

Cinammon Bay, Colombo, Sri Lanka
RWI has been granted a contract to supply the renowned Cinnamon Bay with top quality
“Gulf.0.Flex” insulatation products.

University Complex, Colombo, Sri Lanka
RWI took part in the development of University complex in Colombo Sri Lanka by supplying top quality
“Gulf.0.Flex” insulation products.



APPROVED PROJECTS

GULF.O.FLEX RUBBER INSULATION

e  Project Dubai Sustainable City Project Project Arabian Ranches Development Dist. 2 Alma 2
e  Contractor Jeet Contracting Company LLC Contractor EFFECO
e Consultant Al Ajmi Engineering Consultant Consultant Al Hashemi Planners, Architect, Engrs
e Client Diamond Developers Client Arabtec
e  Project Jumeirah Park Villas, Package 7B&C Project Darwasl Development
e  Contractor Works ACTCO Gen. Cont. Co LLC Contractor Saifco Engineering
e Client Dar Al Handasah Consultant Tech and Mech

Jumeirah Park LLC Client Al Oroba Contracting
e  Project G+R (11 Commercial Villas) Jumeirah Project Mizin — Arjan West Side & Sheffield
e Contractor Dubai Al Ghurair Contracting Company Contractor Menasco Mech. Contracting LLC
e C(Client X-Architects & Group Consultants Consultant Torontec

Client DAMAC
e  Project New Dubai Gate 2 Tower (E0103) Project G+M 42 Bldg in Ajman
e  Contractor Bin Belaila Contracting Company Contractor Karam Contracting Company
e Consultant Engr. Adrian Saffarini Consultant Canadian Consultant
e Client Bonyan International Investment Group Client His Highness Sheikh Amaar Al Noaimi
e  Project Emirates Hills Springs — 1370 Villas Project G+16 9 Bldg in Ajman
e  Contractor Al Hamed Contracting Company Contractor Solanki Contracting Company
e Consultant lan Banham Client Canadian Consultant
e Client Mizin His Highness Sheikh Homaid Al Noaimi
e  Project Dubai Island Resort Palm Jumeirah Project B+1P+15 Bldg in Ajman
e Contractor Laing Roirke Contractor Al Deewan Development
e Client Cundal Consultant Client Canadian Consultant
Mr. Raseea Sait Al Homrai

e  Project The Onyx Complex — Dubai Project G+4P+20+Gym in Sharjah
e  Contractor SAIFCO Contractor Fyax Contracting Company
e Consultant Eng. Adnan Safrini Client Canadian Consultant
e Client The Onyx His Highness Sheikh Homaid Al Noaimi
e  Project Carrefour Hypermarket — Burjuman Project International City Package — 10
e Contractor Center Contractor Al Sahil Contracting Company
e Consultant United Masters Electromechanical LLC Client ACE International
e Client Hyder Consulting Ltd. Nakeel

Majid Al Futtaim
e  Project Lakeside Towers Project Discovery Gardens
e Contractor Eagle Electromechanical Contractor Pauling Middle East
e Consultant ZAS/PSE Architecture Engr. Interior Client ACE International
e Client Planning Nakeel

The Waves — DAMAC
e  Project 409 Villas in Sharjah Project 485 Villas M.R
e Contractor Ali Moosa & Sons Contracting Contractor Ayubco Contracting
. Consultant International Engineering Client Horizon Consulting
e Client Sheikh Zayed Housing Programme
e  Project Reem Raam Projects Project Global Golf 2 Best Homes Dubai Sports
° Contractor Al Hamed Contracting Company Contractor Dubco Construction LLC
e  Consultant lan Banham Client Dimension Engineering
e Client Mizin Bay View Investment Limited
e  Project Baniyas Residential Development (411 Project G+3M+28 Al Sarah Tower at Sharjah
. Contractor Villas) Contractor Al Sabah Central LLC
e Client EFFECO Client Gulf Intl Eng Consultant

Arabtec




e  Project B+G+22 Stories Burj 2000 at Sharjah e  Project RAK Medical & Health Science University
e  Contractor Gulf Delta AC Installation e  Contractor Al Nuaumi Group LLC
e  Consultant Gulf Intl. Eng Consultant e  Consultant Albonian Consultant Engineers
e Client RAK Human Development Board
e  Project China Town Phase IV e  Project 2B+G+9TYP+HC Offices Bldg
e Contractor Al Sahil Contracting Company e  Contractor Cairo Contracting Company
e Consultant  ACE International e Consultant ADNAN Safrini
e Client Nakeel Memon Development FZC
e  Project Palm Island 131 Villa e  Project B+G+13+H.C.+S.P Typical Floors
e  Contractor Pauling Middle East e  Contractor Al Sarh Contracting Dubai
e  Consultant KEO International e  Consultant ADNAN Safrini
Nakeel e Client Mr. Ahmed Shaikhani
e  Project Marine Crown e  Project Sparkle Tower
e  Contractor Trans Emirates Contracting e  Contractor MENASCO Mechanical Contracting LLC
e  Consultant Artec International e  Consultant ADC Architect Design Consultants
. Al Zarroni Real Estate e Client TEBYAN
e  Project G+12 7G+13-4 Bldg. e  Project NOVO Cinemas LLC
e  Contractor Horizon Contracting Company e  Contractor Divion 9 Interior Design LLC
e  Consultant e  Consultant DAR Al Hansadah
e (Client e Client NOVO Cinemas LLC
e  Project DMCC e  Project Al Zohrah Golf Community 700
e  Contractor REMCO e  Contractor EM Tech Electromechanical
e Consultant Engineering Consulting Group e Consultant NAGA Architect
e Client e Client Al Zohrah Golf Community
e  Project Sport Hall at Dibba e  Project G+4 Bldg.
e  Contractor Karam Construction e  Contractor Al Nakheel Gen. Cont.
e Consultant CAB Consultant e Consultant Ali Humaid Ali Kumaithy (Al Zora Clinic)
e C(Client e C(Client
e  Project Jebel Ali Power & Desalination Station e  Project G+1 Hatta Heritage Souk & Motel Dubai
e  Contractor “L” Phase e  Contractor Jzahurt Al Safa Contracting
e Consultant Shin Nippon Airtech (Middle East) LLC e  Consultant Al Fahidi Consultant
e Client Lahmeyer International e Client Dubai Municipality
e  Project Abu Dhabi University New Campus e  Project Big 5 + Design Area Al Dana 5
e Contractor Al Muraiki Contracting Company e Contractor Al Dar Laing Rourke
e  Consultant Arkon Consultant e  Consultant KEO Consultant
Mace e Client
e  Project Trader Hotels, Abu Dhabi e  Project Personal Status Court
e  Contractor Al Jaber LEGT Engineering & Contracting e  Contractor Construction & Bldg Engineering
e  Consultant Co e  Consultant Ariciteknik International
KEO Consultant e Client Dubai Municipality
e  Project Jumeirah Village, Triangle Zone 2 e  Project 2B+G+M+3 Commercial & Offices Bldg Cargo
e  Contractor Samco International e  Contractor Village Aroma Intl Bldg Contracting
e  Consultant Dar Al Handasah e  Consultant Al Fahidi Engineering Consultant
e  Client Nakeel e  Client DNATA
e  Project International City Package 3 e  Project Jumeirah Park Villas, Package 7A
e  Contractor Trinity Eng. Services e  Contractor ACTCO General Cont. Co LLC
e  Consultant Art Consultants e  Consultant Dar Al Handasah
e C(Client e Client Jumeirah Park LLC
e  Project 11 No Villas of commercial & Service e  Project Fujeirah Hotel Resort (S+G+6F+R)
e  Contractor Block e  Contractor Ghantoot Group Building Division
e  Consultant Cool Valley LLC e  Consultant National Engineering Bureau
e Client Al Ghurair CEW e Client Alain Properties

The Kanoo Group




e  Project 500 Villas in Living Legends at Dubailand e  Project 3 Star Hotels @ Plot No. Cd.002D Impz 1 & 2
e Contractor Delta Al Emarate e Contractor Al Bonian
e Consultant Al Burj Engineering Consultants
e (Client
e  Project Al Khayrien Tower Doha Qatar e  Project Proposed G+1 Luxury Villas At Jumeirah
. Contractor PAT Engineering Enterprises Co. WLL . Contractor Al Tariq Contracting LLC
e  Consultant Dimension Engineering Consultant e  Consultant X-Architects
e Client Mr. Muhammad Saeed Al Khayrien e (Client Al Wasl|
e  Project Park Lane Tower Business Bay e  Project International School Of Choueifat, Ajman
e  Contractor Bin Laden Contracting Group LLC e  Contractor Darwish Engineering Emirates
e Consultant Arki Plan Consulting Architect & Eng. e Consultant Arab & Turk International
e Client The Developers/IAH Project
e  Project ASW/112 Villas/MT/A/C/3 Khorfakan e  Project Construction Of Ajman Housing Complex
e  Contractor Sharjah e  Contractor Ali Moosa & Sons Contracting
e Consultant Aswar Engineering & Gen Con. Co. WLL e Consultant Altorath International Engineering Consultants
e Client Ministry of Public Works e Client Shaikh Zayed Housing Programme
Ministry of Public Works
e  Project B+G+11 & B+G+9F Bldg, Sports City e  Project Proposed Residential Building (G+P+7)
e Contractor AB Building Contracting Co. LLC e Contractor Al Rais Electromechanical
e  Consultant National Engineering Bureau e  Consultant Emsquare Engeering
° Client M/S GGICO
e  Project Construction of Officer Accommodation e  Project Commercial / Residential Building (2B+G+9+R)
e  Contractor Fujairah e  Contractor ARJ Engineering LLC
e Consultant DAMAS maintenance and general e Consultant Art Consultants
° Client contracting
UAE Armed Forces Command Military
Works
e  Project KM Trading Dubai Industrial City e  Project G+8Typ Floor+Roof On PIt 23-020 @Dsoa
e  Contractor RHCLLC e  Contractor Becon Electromechanical Co. LLC
° Consultant Free Line Engineering Consultant ° Consultant
e C(Client
e  Project Construction of Commercial Building e  Project Residential & Commercial Building (B+G+6FIrs)
e Contractor Frayland Design & Interior e Contractor Modern Building Contracting Company
e Consultant Al Turath Consultant e Consultant Al Khawajah Engineering Consultancy
e Client Eiffel Boulevard e Client Ismail Issa Ismail Dkeidek
e  Project Wyndham Garden Hotel e  Project 2B+G+6+Gym Floor Residential & Commercial
e  Contractor Al Hamad Building Cont. LLC e  Contractor Union Contractor
e  Consultant Bu Humaid Engineering Consultant e  Consultant
e Client R Holding
e  Project Amna Hotel Building (B+G+5+Hc) e  Project 23 Villas On Plot 2517064 Mirdif, Dxb
° Contractor Aevitas Air Conditioning System ° Contractor
e  Consultant
e C(Client
e  Project City Apartments (B+G+4+R) e  Project 23 Villas On Plot 2517064 Mirdif, Dxb
e  Contractor Aevitas Air Conditioning System e  Contractor Atheer Al Jazira Electromechanical Works LLC
. Consultant VICC Contracting Co.
e  Project A/C Works Of G+6 Residential Bldg. e  Project Proposed G+5P+15Typ On Plot No. (901 Mulk)
e Contractor Al Arabia Electromechanical LLC e  Contractor Alsareh Alkabeer Contracting
. Consultant Pioneer Eng. Engineering Consultants

Client

Mr. Hassan Alalkeem Alzaabi
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Product Data

Thickness Recommendations to control Condensation

THICKNESS RECOMMENDATIONS
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Pipe “R” Values per Square Foot

Pipe 0.D

or Normal RValue
Insulation I.D. 3/8"(10mm) Wall |1/2 "(13mm) Wall | 3/4"(19mm) Wall | 1"(25mm) Wall
3/8" Imm 25 3.0 5.1 =
12" 13mm 24 3.1 5.1 -
5/8" 16mm 24 31 52 6.7
3/4" 19mm 23 31 5.1 6.5
7/8" 22mm 22 31 5.1 6.5
1-1/8" 29mm 2.1 3.1 53 6.8
1-3/8' 35mm 1.6 3.1 5.1 6.7
1-5/8" 41mm 22 3.1 49 64
1-1/2'IPS 48mm 23 29 4.7 6.9
2-1/8" 54mm 22 3.0 4.7 6.3
2"IPS 60mm 22 3.0 46 6.2
2-1/2"IPS 64mm 22 3.0 4.5 6.0
2-5/8" 67mm 22 3.0 4.5 6.0
3-1/8" 79mm 22 29 4.4 5.9
3"IPS 89mm 22 29 4.4 5.8
3-5/8" 92mm 2.1 29 4.4 5.8
3-1/2"IPS 102mm 2.1 29 43 5.7
4-1/8" 105mm 2.1 29 43 5.7

Gulf-O-Flex Copper Pipe Iron Pipe Tubing Unit Length 1.8 Meters (Stand
Nominal Nominal | Nominal | Nominal | Nominal | Nominal Nominal Nominal Nominal
Insulation Size Size 6 mm 9mm 13mm 19 mm 25mm 32mm
Size ID oD IPS wall wall wall wall wall wall
mm inch mm inch | mm inch | No. Total | Noof Total | Noof Total | Noof Total | Noof Total | Noof Total
of  Meters| Pcs  Meters Pcs  Meters Pcs  Meters Pcs  Meters| Pcs = Meters
Per Per per Per per Per per Per per Per per Per
Carton Carton | Carton Carton | Carton Carton | Carton Carton | Carton Carton | Carton Carton
6 1/4 6 1/4 = = 180 324 168 3024 90 162 50 90 35 63 30 54
9 3/8 9 3/8 o o 170 306 130 234 80 144 | 40 72 25 45 25 45

13 1/2 13 172 6 14| 150 270 115 207 65 117 40 72 25 45 20 36
16 5/8 16 5/8 10 3/8 120 216 90 162 60 108 35 63 25 45 20 36
19 3/4 19 3/4 = = 100 180, 76 136.8 45 81 30 54 20 36 15 27

22 7/8 22 7/8 13 1/2, 9 162 70 126 40 72 30 54 20 36 15 27

25 1 25 1 = = 80 144 55 99 | 40 72 25 45 20 36 15 27
28 1-1/8 - 1-1/8 19 3/4| 70 126 55 99 36 648 25 45 18 324 15 27
32 1-1/4 | 32 1-1/4| - = = = 40 72 | 30 54 20 36 15 27 15 27

35 1-3/8 35 1-3/8 25 1 60 108 36 648 30 54 20 36 15 27 12 216

38 1-1/2 | 38 1-1/2| - = = = = = 24 432 17 3060 12 216 12 216
42 1-5/8 42 1-5/8 32 1-1/4 - = 30 54| 25 45 17 3060 12 216 10 18
48 1-7/8 | 48 1-7/8 38 1-1/2| - = 25 45| 20 36 15 27 10 18 10 18
51 2 51 2 = = = = = = 20 36 15 27 9 162, 9 162
54 2-1/8 | 54 2-1/8 - = = = 25 45| 20 36 15 27 9 162 9 162
60 2-3/8 | 60 2-3/8 51 2 = = 20 36 18 324 12 216 9 162 6 108
67 2-5/8 | 67 2-5/8 - = = = = = 15 27 10 18 8 144, 6 108
73 2-2/8 | 73 2-7/8 - = = = = = 15 27 10 18 6 108 4 7.2
76 3 76 3 = = = = = = 12 216, 10 18 6 108 4 7.2
79 3-1/8 | 79 3-1/8| - o o o o o 12 216, 10 18 6 108 4 7.2
89 3-1/2 | 89 3-1/2| 75 3 = = = = 10 18 8 144 6 108| 4 7.2
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Cell Structure

Density Gms /Cm>

Thermal Conductivity K
Value at 40C mean Temperature

Temperature limit°C
Thermal Stability % Shrinkage
Water Absorption

Water vapor Permeability
perm/Max

Resistance to Ozone

Flammability

Fire Rating

Averagetime of Burning
Average extend of Burning
Flexibility

Resistance to Weather&
Ultra Violet Rays

Resistance to Chemicals
Odour
Mildew resistance

Copper Corrosion

Closed

0.050 - 0.070 Gms / cm’

0.0338 w/m -K
-409C to +120 °C

2.54 (7 days at 95°C)

2.98

0.00 Perm -in

Excellent

Self Extinguishing

Class 0, Class 1
25/50

Less then 4 Sec
15min

Excellent

Very Good
Very Good
Negligible
No Fungal Growth

Negligible

BS 476 Part 6 &7
ASTM D 3575- 91

ASTM C518

ASTM D3575-91

ASTMD3575-91

ASTM E 96-95

ASTM D 1149

ASTMD635-91

BS 476 Part 6 &7
ASTM E-84

ASTM D 1149

ASTM D 1056-85

ASTM G 53-96

SAEJ 1351

ASTM G 21-80

ASTM C 665-94

Products

BS 874 1986

ASTM E 96-95
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Product Data

Cell Structure

Closed

2 Density Gms / Cmz 0.050-0.070 Gms / cm®  BS 476 Part6 & 7
ASTM D 3575- 91

: Ileeur::n aatI Egg ﬁnuecatlwv;t:n'f perature 0.0338 w/m-k ASTM C518 BS 874 1986

4 Temperature limit «C -40°C to +120°C

5 Thermal Stability % Shrinkage 2.54 (7 days at 95 °C) ASTM D 3575-91

6 Water Absorption 2.98 ASTM D 3575-91

7 Water vapor Permeability

perm/Max 0.00 Perm-in ASTM E 96-95 ASTM E 96-95

] Resistance to Ozone Excellent ASTM D 1149

] Flammability Self Extinguishing ASTM D 635-91

10 Fire Rating Class 0, Class 1 BS 476 Part6 & 7

25/50 ASTM E-84

11 Average time of Burning Less then 4 Sec ASTM D 1149

12 Average extend of Burning 15min

13 Flexibility Excellent ASTM D 1055-85

14  Resistance to Weather &

Ultra Violet Rays WVery Good ASTM G 53-96

15 Resistance to Chemicals Very Good

16 Odour Megligible SAE) 1351

17 Mildew resistance Mo Fungal Growth ASTM G 21-80

18 CopperCorrosion Megligible ASTM C 665-94

Products

INSULATION THICKNESS RECOMMENDATIONS
THICKNESS RECOMMENDATIONS FOR CONTROLLING OUTER
INSULATION SURFACE SWEATING

SCRF (10-C) 350F [200) 0eF {-18eC)

BASED ON MORMAL DESIGN CONDITIONS

GUIf-O-Flex in the thicknesses noted and within the specified termperature
ranges will control cuter insulation surface condensation indoors under
normal design conditions, a maximum severity of 85¢F (29=C) and 70% RH.
Gulf-O-Flex research and field experience indicate that indoor conditions
anywhere in the US States seldom exceed this degree of severity.

Mom 3/8"(9mim) Mom 3/4°(19mm) Mam 1-1/238mm)

EASED OM MILD DESIGHN COMDITIONS

GUIf-0-Flex in the thicknesses noted and within the specified
temnperature ranges will control outer insulation surface condensation
incloors under mild design conditions, a maximurm severity of 80°F (275C)
and 50% RH. Typical of these conditions are mast air conditioned spaces
and arid climates.

Mo 148" (3mim) Mom 1/4"(Emim) Mom 121 3mm)

EASED OM SEVERE DESIGN CONDITIONS

Gulf-O-Flex in the thicknesses noted and within the specified temperature
ranges will control cuter insulation surface condensation indoors under severa
design conditions, 3 maximum severity of 90¢F (322C) and 80% RH. Typical of
these conditions are indoor areas inwhich excessive moisture is introduced or
in poorly ventilated cenfined areas where the temperature may be depressed
below ambient.

Mom 1*(25mm) Mom 1-1/2%38mm)  Mom 2°(50mm)






\ - Technical Data Sheet

GULF-O-FLEX

PRODUCT OF RUBBERWORLD

»
‘\\

RUBBER
Gulf-O-Flex | C4 WORLD







GULF.O.FLEX

Thermal Conductivity of Gulf.O.Flex at different temperature

°C

10

20

30

40

W/m-k

0.0260

0.0270

0.0280

0.0290

0.0300

0.0310

0.0320

0.0338

0.0340
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GULF-O-FLEX

COMPARISON OF THERMAL CONDUCTIVITIES

Aluminium A =200W/mk

Water A =0.8W/mk

Wood A =0.12W/mk

— Elastomeric Foam A =0.0300 W/mk

Vacuum A = OW/mk

»
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TEMPERATURE DEPENDENCE OF
THERMAL CONDUCTIVITY
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CALCULATION OF INSULATION THICKNESS

}\v =Thermal Conductivity [W/mK]

o I  =Thermal Transition Coefficient (outside) [W/m 2K]

) I =Outside Diameter of the insulated Pipe [m]

) "' =Outside Diameter of the non-insulated Pipe [m]
U | =Outside Temperature (Surrounding) [°C]

U =Inner Temperature (Medium) [°C]

L # =Dew Point Temperature [°C]

)
‘ A\ ¥
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WATER-VAPOUR DIFFUSION RESISTANCE

Open-cell/closed-cell Insulation Material

Water-Vapour Barrier
/ = Concentrated resistance

Ambient Air

Open - Cell

==

Water-Vapour Diffusion
Flow

Gold-Line

\ Closed-cell Structure

=distributes resistance

-
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\ Technical Data Sheet

GULF-O-FLEX

COMPARISON OF WATER-VAPOUR
Diffusion Factors

Air =1

PU-Foam =50-100

Concrete =70-80

ElastomericFoam =500-15000

Bitumen =20000-50000

Metals = water-vapour proof

FAa\\
@
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FUNCTION OF WATER-VAPOUR DIFFUSION

Resistance of Alu-cladded Glassfibre and Pin Hole Area

L =1[1000]

50 P

40

30

20

10

Hole-area [mm?®/ m’]
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\ Technical Data Sheet

THERMAL CONDUCTIVITY OF MINERAL-FIRE

Insulation of different density in dependence of absorbed humidity by
weight % at 10cC mean temperature

76 2C

I3
62 kg/m |

0.08
W/(m.K) /% kg/m
m. !
/7 34 kg/m3

=0.07 £ 3
) 4 7 44 kg/m
=] .
:fg %49 kg/m
% 0.06
(]
g // //
:©
= 0.05 /

0.04 %

0.03

0 10 20 30 40 50 % 60
massebezogener Feuchtegehalt

Source- W. F. Cammerer,
Insulation Cold-Warm,
Spring 1995
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\ Technical Data Sheet

WATER-VAPOUR DIFFUSION RESISTANCE
AND TEMPERATURE FUNCTION

25

20

15

10

5 10 15 20 25 30 35 40

Medium Temperature [°C]
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INSULATION MATERIALS

* MMF

* Foam Glass

¢ Calcium Silicate
* Rigid Foams

* (Pu, Pf, Ps)

* Flexible Foams

* (PE, FEF, PU)

REQUIREMENTS

Gulf-O-Flex | C7

» Thermal Conductivity
- Reaction to Fire

- Temperature Limit

- Water Vapour

» Transmission

« Installation

A Comparison with Fiber Glass

' A

W

RUBBER
WORLD




\ - A Comparison with Fiber Glass

GULF O FLEX

RRRRRRRRRRRRRRRRRRRRRRR

TYPES OF PRODUCTS

Fibrous, Thermoplastic, Rigid, Elastomeric

Open Diffusion Thermal efficiency
/Closed (O/C)| Resistancy 10°C [W/mK]

MME/ 0,035 - 0,040

Glassfibre Relation to density important,
PE/
Polyethylene @ not applicable 0,040-0,038
PU (PIR)/ 0,035-0,038
Polyurethane C©O) low Ageing to be considered
PF/ 0,035 - 0,038 Take ageing and
Phenolic Foam C low acidity into account
FEF/ 0,035 - 0,040
Elastomeric Foam C high It is essential to take quality
Foam Glass C high level into account
0,040 - 0,045

DIFFERENTIATION POTENTIAL

Reaction to Fire

- Smoke composition
- Toxicity rating

« Full scale testing

CORROSION ASPECTS
INSTALLATION
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COMPARISON TABLE OF PRODUCTS
USED FOR COLD LINE AND AIR DUCT INSULATION
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FUNDAMENTALS OF INSULATION

Whatis heat? And, how does it flow from object to object? Heat is a form of energy. And heat ALWAYS moves from warm to cold.
It does this until both objects reach the same temperature. Cold is merely the absence of heat... even ice cubes contain some
heat; until you get to absolute zero.

There are 3 types of heat transfer: Conduction, Convection and Radiation. Poor conductors of heat are good insulation
products. Agood conductor of heatis water.Water and water vapour is the prime enemy of an insulation system.

When reviewing the manufacturers data sheets to calculate your insulation requirements you will need to be concerned with
BTU's,K,Rand C Factors.

BTU is a British Thermal Unit. (BTU/HR/SF/inch thickness) It measures the quantity of heat. It is the amount of heat needed to
raise the temperature of one pound (Ib) of water 1 degree F and enables us to measure a material's ability to resist heat flow
(insulate).

KValueis the material property which measures conductivity. Itis the same number regardless of the thickness of insulation. It is
the quantity of BTU's/HR that pass through a I" Thick X 12" Wide X 12" Long section of insulation lowering the temperature from
the hot side to the cold side 1 degree F. Materials with lower K Factors are better insulators. Most manufacturers report their
product'sinsulation valueinKat 75 F degree mean temperature.

Mean Temperature is the inner surface temperature plus the outer surface temperature, divided by 2. As mean temperatures
rise, so does the K Factor of a product. Be careful when examining the data sheets. Make sure you are comparing insulations at
the same reporting temperatures. Also, it is important when comparing materials to obtain the insulation curve from the
manufacturer at the lower pipe operating temperatures found in refrigeration systems as each materials ability to insulate is not
linear.

CFactor measure thermal conduction. Itis the rate of heat flow through an actual thickness of material.

R Factor: Thermal resistance is resistance to heat flow provided by a given thickness of material. It is obtained by dividing the
thickness of material by the K Factor. R Values change as the thickness of the insulating material changes. Primarily building
building insulation products and plans are measured and specified by the material's R Factor.

Heat Flow (Round VS Flat) -It is important to note that the heat flow is different from a flat surface as compared to round
surfaces. Because of the orientation of the cellular structure(fibrous in above ambient) of the insulation being vertical versus
horizontal (flat); and the addition of a horizontal jointin pipe covering, the apparent thermal conductivity could be 20% or higher
than aflat piece of block(board). Make sure that appropriate safety factors from the manufacturer's data is properly representing
the thermalvalues you need for design in yourapplication.
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Water vapour permeability measured in units of perm-inches is an indication of the ability of a material to allow the passage of
water vapour through it. The lower the permeability, the higher is the resistance of the material to water vapour intrusion. Water
vapour permeability can be a critical design consideration because water vapour has the ability to penetrate materials that are
unaffected by waterin the liquid form.Water vapourintrusion is a particular concern to insulation systems subjected to a thermal
gradient. Driving forces are created due to pressure differences between ambient conditions and the colder operating
conditions of the piping. These forces drive water vapour into the insulation system, where it may be retained as water vapour,
condense to liquid water or condense and freeze to form ice. Thermal properties of insulation materials are negatively affected as
the moisture orvapour content of the insulation material increases.

Thermal expansion/contractionisaconcern both forinsulation systems that operate continuously at below ambient conditions
or systems that cycle between below-ambient conditions and elevated
temperatures. Thermal contraction coefficients of insulation materials may be
substantially different from those of the metal pipe. A large difference in the 25
amount of contraction between the insulation and the piping may result in
open joints of the insulation system. These open joints not only create a 20
thermal short circuit at that point in the system, but may also affect the
integrity of the entire system. Insulation materials that have large contraction 15
coefficients, and do not have a high enough tensile strength or compressive
strength to compensate, may experience shrinkage and subsequent cracking 10

°
@
®
within the material. At the elevated temperature end of the cyclic process, the
reverse is considered. High thermal expansion coefficients may result in 5
warping or buckling of a material that for some insulation materials is K
permanent and irreversible. In this instance, the possibility of resulting stress A A A
onan external vapour retarder or weather barrier should be considered. 0 5 10 15 20 25 30 35 40

Wicking is the tendency of an insulation material to absorb liquid due to
capillary action. Wicking is measured by partially submerging a material and measuring both the amount of liquid that is
absorbed, and the amount of space by volume the liquid has consumed within the insulation material.

Open cell or fibrous materials tend to perform worse in water absorption, water vapour permeability and wicking than do
closed-cell materials. The amount of closed cell structure compared to open cell structure may be to some degree an indicator of
the performance of the material, however closed cell materials may still have high permeance so comparison of all specific
physical propertiesisimportant.

HVAC systems and chilled water systems are often insulated to conserve energy and prevent surface condensation or "sweating"
When an open-cell material is used on these systems and the vapour retarder
system fails, water vapour may move into the insulation, condense and eventually
saturate the insulation material. This may lead to partial or complete insulation
system failure. The problem becomes more severe as the system temperatures
move lower and when the system operates continuously in the cold mode. The
driving forces are greater on these systems and water vapour will condense and
freeze on or within the insulation. Again, as more water vapour in absorbed, the
thermal conductivity of the insulation material moves higher which leads to lower
surface temperatures. These lower surface temperatures lead to more
condensation which may eventually lead to insulation system freeze-up, frost-ups
and "popping off" of the insulation material due to ice formation. Considering that
refrigeration systems may operate at temperatures of -70°F or colder, the problem
may be severe. These problems may not only lead to insulation failures but may
alsolead toacomplete failure of the entire insulation system.
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hese are several components of insulation systems which include:
\Insulation material;
Insulation joint sealant;
Vapor retarders;
Weather barriers;
Weather barrier sealants;
Jacketing;
Pipe protection;and
Adhesives, sealants or caulks.

The following is a brief summary of each component, but each individual component will be explored in more detail later in the
chapter.

Pipe preparation

Before any type of insulation is applied, all equipment and pipe surfaces
MUST be dry and clean from contaminants and rust. Corrosion of any
metal under any thermal insulation can occur for a variety of reasons. The
outer surface of the pipe should be properly prepared prior to the
installation of the insulation. With any insulation, the pipe can be primed
to minimize the potential for corrosion. Careful consideration at the time
oftheinsulation system design stage is essential. Specific guidelines were
detailed laterin this chapter. Corrosion concerns

Insulated carbon steel surfaces that operate continuously below 25°F do
not present major corrosion problems. However, equipment or piping
operating either steadily or cyclically at orabove these temperatures may
present significant corrosion problems.

These problems are aggravated by inadequate insulation thickness, improper insulation material, improper
insulation system design and improper installation of insulation.

Common flaws are:
1. Incorrectinsulation materials used on below-ambient systems, such as open-cell, wicking and high permeance materials;

2. Improper specification of insulation materials by generic type rather than specifying specific material properties required for
theintended service;and

3. Improperorunclearapplication methods.
Carbon steel

Carbon steel corrodes not because it is insulated, but because it is contacted
by aerated water and/or a water-borne corrosive chemical. For corrosion to
occur, water must be present. Under the right conditions, corrosion can
occur under all types of insulation. Improperly insulated systems create
conditions that may promote corrosion. Examplesinclude:

Annular space or crevice for the retention of water; Insulation material that
may wick or absorb water; and Insulation material that may contribute
contaminants that may increase the corrosion rate.

The corrosion rate of carbon steel is dependent on the temperature of the
steel surface and the contaminants in the water. The two primary sources of
water are infiltration of liquid water from external surfaces and condensation
of watervaporon cold surfaces.

Infiltration occurs when water form external sources enters an insulated system through breaks in the vapor retarder system or
breaks in the insulation itself. The breaks may be the result of inadequate design, incorrect installation, abuse or poor
maintenance practices. Infiltration of external water can be reduced or prevented.
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Condensation results when the metal temperature or the insulation surface temperature is lower than the dew point
temperature. Insulation systems cannot always be made vapor tight, so condensation must be recognized in the system design.

The main contaminants found in insulation are chlorides and sulfates. These contaminants may have been introduced during
the manufacture of the insulation or from external sources. These contaminants may hydrolyze in water to produce highly
corrosive free acids.

Copper

External Stress Corrosion Cracking (ESCC) is a type of localized corrosion
of various metals notably copper. For ESCC to occur in a refrigeration
system, the copper must undergo the combined effects of a sustained
stress and a specific corrodant species. During ESCC, copper degrades so
that localized chemical reactions occur often at the grain boundaries in
the copper. The localized corrosion attack creates a small crack which
advances under the influence of the tensile stresses into the metal. The
common form of ESCC in copper results from grain boundary attack (i.e.
Intergranular ESCC). Once the advancing crack extends through the
metal section, the pressurized refrigerant within the line will leak.

ESCCoccursinthe presence of four conditions:

1. Thepresence of oxygen (air),

2. The presence of a tensile stress, either residual or applied. In copper,
stress can be put into the metal at the time of manufacture (residual) or
duringinstallation (applied) of a refrigeration system.

3. The presence of achemical corrodant.
4. The presence of water (or moisture) to allow the copper corrosion process to occur.

A number of precautions reduce therisk of ESCCin refrigeration systems:

Properly seal all seams and joints of the insulation systems to prevent a path for condensation between the insulation and the
coppertubing.

Avoid introducing applied stress to copper during installation. Applied stress can be the result of any manipulation, direct or
indirect, resulting in stresses in the copper tubing, for example, applying stress to a copper tube toalign with a fitting or
physical damage to the copper prior to installation.

Under no circumstances use chlorinated solvents such as 1,1,1-trichloroethane to clean a refrigeration system. Such solvents
have been linked to rapid corrosion.

Use noacidic materials such as citric acid or acetic acid (vinegar) on copper systems. Such acids are found in many cleaners.

Make all soldered connections gas-tight, as a leak could result in failure to the section of insulated copper tubing. This
prevents self-evaporating lubricating oil, and even refrigerants themselves, from reacting with moisture to produce corrosive
acidic materials such as acetic acid.

Choose the appropriate thicknesses of insulation for the environment and the operating conditions must be used to avoid
condensation of the copper tubing.

Never mechanically constrict oradhere the insulation to the copper. An example of mechanical constriction is the use of wire
ties to compress the insulation. This operation may result in the pooling of water between the insulation and the copper
tubing.

Prevent extraneous chemicals or chemical-bearing materials such, such as corrosive cleaners containing ammonia and/or
amine salts, wood smoke, nitrites and ground or trench water, from coming in contact with the insulation or copper.

Prevent the entrance of water between the insulation and the copper. Where the layout of the system is such that
condensation may form and run along uninsulated copper by gravitational force, the beginning run of insulation must be
adhered completely to the copper and sealed or vapor stops installed.
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Use copper that complies with ASTM B 280. Buy copper from a reputable
manufacture.- When pressure testing copper tube systems, take care not
to exceed the specific yield point of the copper.

When testing copper for leaks, use only a commercial refrigerant leak
detectorsolution specifically designed for that purpose. It must be
assumed that all commercially available soap and detergent
products contain ammoniacal or amine materials, all of which contribute
to the formation of stress cracks.

Replace any insulation that has become wetted or saturated with
refrigerant lubricating oils. Such oils can react with moisture to form
corrosive materials.

Stainless Steel

Certain grades of stainless steel piping are susceptible to ESCC. ESCC occurs in austenitic steel piping and equipment when
chlorides in the environment or insulation material are transported in the presence of water to the hot surface of stainless steel
and are then concentrated by evaporation of the water. This most commonly occurs beneath thermal insulation but the
presence of insulation is not a requirement. Thermal insulation simply provides a medium to hold and transport the water with
its chlorides to the metal surface.

Most ESCC failures occur when the metal temperature is in the hot water range of 120°F to 300°F. Failures are less frequent when
the metal temperature are outside of this range. Below 120°F the reaction rate is slow and the evaporative concentration
mechanism is not significant. Equipment that cycles through the water dew point temperature is particularly susceptible. Water
that is present at the low temperature evaporates at the higher temperature. During the high temperature cycle the chloride
salts dissolved in the water concentrate on the surface.

As with copper, in order for ESCC to develop, sufficient tensile stress must be present in the stainless steel. Most mill products,
such as sheet, plate, pipe and tubing, contain enough residual processing tensile stresses to develop cracks without additional
applied stress.When stainless steel is used coatings may be applied to prevent ESCC. A metallurgist should be consulted to avoid
catastrophic piping system failures.

Insulation systems

Five distinct components characterize a quality insulation job. It is
important to define and distinguish each one.

1) Insulation The insulation itself should be a low thermal conductivity
material with low water vapor permeability and it should be nonwicking.

2) Insulation Joint Sealant All insulations operating at below ambient
conditions should utilize a joint sealant. The joint sealant should be resistant
to liquid water, water vapor, and be able to bond to the specific insulation
surface. The joint sealantis applied as a full bedding coat to all sealant joints.
A properly designed and constructed insulation/sealant/insulation joint
will retard liquid water and water vapor migration through the insulation
system.

3) Vapor retarders Some insulation materials are commonly considered closed-cell and that as such will not absorb water. This
is not exactly the case as most insulations will absorb a certain amount of water. Care should be taken to either use low
permeance (water vapor permeability less than 0.1 perm-inches) insulation materials or use a continuous and effective vapor
retarder system. Vapor retarders function to keep out water, water vapor and prevent water vapor infiltration, thus keeping the
insulation dry. This will prevent degradation of thermal properties due to the presence of water and will prevent any moisture
from reaching the cold-side surface of the pipe or vessel.

The service life of the insulation and pipe depends primarily on the in-place water vapor permeance of the vapor retarder.
Therefore, the vapor retarder must be free of discontinuities and penetrations. The insulation and the vapor retarder will expand
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and contract with ambient temperature cycling. The vapor retarder system must be installed with a mechanism to permit this
expansion and contracting without compromising the integrity of the vapor retarder. See manufacturers for design and
installationinstructions specific to their products.

4) Jacketing The purpose of jacketing on insulated pipes and vessels is to
protect the vapor retarder system and the insulation. Various plastic and
metallic products are available for this purpose.

Some specifications suggest that the jacketing should function to preserve
and protect the delicate "egg-shell like" vapor retarder over the insulation.
This being the case, it should be obvious that any devices used to secure
the jacketing must be of the band type which holds and clamps the
jacketing in place circumferentially. Pop rivets, sheet metal screws, staples
or any other item that punctures should not be used because they will
compromise the vapor retarder. The use of such materials may be an
indication that the insulation installer does not understand the vapor
retarder conceptand corrective education steps should be taken.

Protective jacketing is designed to be installed over the vapor retarder and

insulation to prevent weather and abrasion damage. The protective

jacketing must be installed independently and in addition to any factory or

field applied vapor retarder. Ambient temperature cycling will cause the jacketing to expand and contract. The jacketing must
beinstalled with a mechanism to permit this expansion and contraction to occur without compromising the vapor retarder. See
manufactures fordesign and installation instructions specific to their products.

Metal jacketing may be smooth, stucco, embossed, or corrugated aluminum or stainless steel with a continuous moisture
retarder. PVCjacketing or other finishes may also be appropriate, depending upon the environment or other factors. PVC should
be smooth, UV inhibited, in precurled rolls. The minimum thickness of PVC should be 0.030". Other types of jacketing may be
appropriate depending upon environmental or other factors. Metallic type jackets are recommended for exposed roof mounted
piping systems. Protective jacketing is required whenever piping is exposed to wash downs, physical abuse or traffic. Inside of
buildings where ultraviolet degradation from sunlightis nota

factor, the most popular type of jacketing is white PVC. Colors can be obtained at little, if any, additional cost if desired. All
longitudinal and circumferential laps should be seal welded using a solvent welding adhesive. The laps should be located at
10:00 0'clock or2:00 o'clock positions. A sliding lap (PVC) expansion/contraction joint should be located near each end pointand
atimmediate joints no more than twenty feet apart. Where very heavy abuse and/or hot, scalding washdowns are encountered
a special CPVC material is required. These materials can withstand temperatures as high as 225°F, where standard PVC will warp
anddisfigure at 140°F.

Roof piping should be jacketed with a minimum 0.016 inch aluminum (embossed or smooth finish depending on aesthetic
choice). On pitched lines, this jacketing should be installed with a minimum 2 inch overlap arranged to shed any water in the
direction of the pitch. Only stainless steel bands should be used to install this jacketing (1/2" X 0.02" 304 stainless) and spaced
every 12 inches. Jacketing on valves andfittings should match that of the adjacent piping.

Weather Barrier Joint Sealant

Al metal jacketed insulation systems operating at below ambient
conditions should utilize a weather barrier joint sealant. The joint sealant
should be a liquid water resistant elastomeric material available to bond to
the specified metal surface. The joint sealant is applied to all joints to
prevent driven water from migrating through the joints, accumulating
within the insulation system.
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TYPES OF INSULATION
THERMAL-INSULATION

Nowadays there is always an important & urgent emphasis on
energy- conservation because of rising cost of fuel. The quantity of
heat utilized is mainly determined by the following features of the
insulating material:

CHEMICAL - COMPOSITION

DENSITY

CELL- STRUCTURE

THERMAL - CONDUCTIVITY

VAPOUR - PERMEABILITY

Below are the various types of insulation materials based in terms of
their MICRO-STRUCTURE . These have their own advantages &
disadvantages.

OPEN-CELL:- GLASSWOOL &ROCKWOOL

INTER CONNECTED CELL - PS.FOAM
SEMI-CLOSED CELL :- PU.FOAM

CLOSED-CELL - FLEXIBLE RUBBER FOAM INSULATION

Thermal insulation materials serve as afilter, to restrain as much heat as possible from permeating through the other side. Most
thermal insulations use the concept that air is a poor heat conductor. Therefore it explains why thermal insulation material
contains porous air-spaces. The air-space which is referred as "cell" occur by compressing shreds of fiber or foam pellets
together. The cell will have to be small enough to resist the internal air-current, resulting substantially to reduce convection to
heat.When the insulating material itself high heat loss. So the insulating material itself should have low-conductivity and should
be dark coloured or reflectorin order to minimize heat- loss due to radiation.

OPEN CELL (CELLULARGLASS)
Thisisair-permeableinsulation type.

This typeinsulationis made from compacted fibres. In which air occupies the
space between thefibers.

If applied to the cooling pipesit should be used in conjunction with corrosion-
proofed, which should be fully painted (moisture proofing) onthe pipes to protect them from corrosion.

[tisalsoveryimportant that thereis no torn vapour barrier during installation of the insulation.

If thereis any existence of torn-area condensation will occur and water-droplet will form on the surface of the pipe.

The humid air will penetrate through the torn-area and condense the water in the insulation causing deterioration of
insulation & pipe rapidly.

Thermal-Conductivity (k-value) can not be stable when it absorbs water. As (k-value of water approximately 15 times higher
thanoriginalinsulation)

Chemical resin will react with waterand become alkaline thus causing corrosion to the pipes.
Thistype of insulation performs worse in water absorption. Water vapour-permeability & wicking
Installationinirregular pipes s difficultand time consuming.

Higherin cost&lowerin performance than othertypes of insulation.

Hazardous to health (inlungs &skin)

Cellular Glass has excellent compressive strength but it is rigid. It is fabricated to be used on piping and vessels.When installed on
applications that are subject to excessive vibration, the inner surface of the material may need to be coated. The coefficient of
thermal expansion for this material is relatively close to that of carbon steel. When installed on refrigerant systems, provisions for
expansion and contraction of the insulation are usually only recommended for application that cycle from below ambient to
high temperatures. Foroutdoors or direct buried applications, a jacketing or mastic coating is recommended.
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Cellular glassis suitable for temperatures between -450°F and +800°F.
ASTM C552, Standard Specification for Cellular Glass Thermal Insulation, specifies cellular glass insulation requirements. Flame
spread and smoke developed whentested according to ASTM E84 is flame spread index of 5and a smoke developed index of 0.

The water vapour permeability as tested per ASTM E96, Procedure A is less than 0.005 perm-inches. Thermal Conductivity in
Btu/H-ft2(°F/in) astested by ASTM C177 or ASTM C518are

at0°F mean temperature 0.27
at+75°F mean temperature 0.31
at+120°F mean temperature 0.33

Density can vary between 6.3 and 8.6 Ib/ft3. Density does not greatly affect the thermal performance of cellular glass.

INTER-CONNECTED CELL

This type of insulation is made by compressing foam or cork pallets to form
tubes.
Theindividual layers of thisinsulation are surrounded by empty — space
Moisture has difficulty to penetrate through open-cells, but wet-ness
canstill makeits way through the space between compressed pellets.

Moisture- proofing by bitumen or any coating materials and wrapping
with cottonor linenclothisnecessary.

This type of insulation has a tendency to shrink, which can loosen or
break the coated bitumen.

Bitumen & coating materials has water — components that allow water to permit in the insulation and thus increasing
thermal- conductivity.

Installation must be done by expert, any mis-application will cause the insulation to fuse and reduce the thickness of
insulation.

POLYSTYRENE INSULATION

Polystyrene insulation is light weight and has good compressive strength. This product does not meet the smoke developed
index of 50 or less when tested according to ASTM E84. The test yields a flame spread index of 25 or less and a smoke developed
indexof 115.

ASTM C 578, Standard Specification for Rigid Cellular Polystyrene Thermal Insulation specifies material requirements. ASTMC578
lists its temperature range from-65 to +165°F.

Thermal Conductivity in Btu/h-ft2(°F/in)as tested by ASTM C177 or ASTM C518 are at +75°F mean temperature 0.24

at+120°F mean temperature 0.26

The water vapour permeability of the unfaced material as tested per ASTM E96, Procedure Ais 1.5 perm-inches or less.

SEMI-CLOSED CELL
Thisinsulationis made from light- weight poly- ethylene (p.e.foam) and low-density poly- urethane (p.u.foam).
Ithas many smallindependent-cells.

The cell-wallis attached imperfectly with each-other.
Imperfect attachment of the cell-walls increase the water-absorption over 10% by weightaccordingto ASTM -D 1056.
Higherwater—absorption value instantly effects to high thermal— conductivity.

It has a very low — density of 1 to 3 ibs\ft3 because it is manufactured with only adequate quality to keep low price. Not
considered the efficiency.

The cellsare thinresulting higher water permeability .

Theinsulation material has low-elasticity, therefore it easily weakens & tears the cell- wall.

The thermal-conductivity is higherthan closed —cell. ‘ »
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CLOSED - CELL (Flexible Elastomerics)

This type of insulating material is the most ideal. & economical
insulation widely used in today's modern world.

It is mostly produced from synthetic rubber elastomer
materials having higher — resiliency and characteristically
confirmto closed-cell.

Insulation material is elastic enough to protect the cell-wall
againstrupturingor tearing.

[tcontains a great number of tiny singular closed — cells.
Asingle cellisenclosed by a strong wall.
The surface of this type of insulation is thick, tough, water-proof on both inside & outside.

The thickness of the cell wall is app 3- 7 micron. (A factor, which bears a direct relationship with density of the insulating
material.) The proper density liesin the range of 3to 7 ibs per cubic foot. (according to the Ashrae)

Each cell containsadry-gas (nitrogen + carbon —di-oxide). Whichis emitted from a blowing agent.

Gases filled in the cell has very low-boiling point \ high vapour — pressure. so in case of very low temperature it will
remain in gas-form. And the gas — pressure with in the cell remains higher than the atmospheric - pressure
resulting very-difficult forair & moisture to penetrateinto the cell.

Thewall ofthe cellactsasan impenetrable against moisture.

Perfect attachment of the cell- walls decreases the water-absorption value below 10% by weight according to ASTM - D
1056.

Lowest water- permeability as compared with othertypes of insulationisamain factor which permits its thermal
conductivity constant throughoutits life.

Longer durability than other types of insulations, are widely used in low temperature piping where relative — humidity is
between 70 % - 90 % which exists throughout the year.

Flexible Elastomerics are soft and flexible. It is suitable for use on non-rigid tubing It is light weight and has low vapour
permeability.

Performed Flexible Elastomeric Cellular Thermal Insulation in Sheet and Tubular Form, specifies flexible elastomeric material
requirements. These products can be manufactured to meet the flame spread index of 25 or less and the smoke developed
indexof 50 or less when tested according to ASTM E84.

Flexible elastomeric sheet is normally limited to service between -40°C up to 120°C. around -20°F flexible elastomeric insulation
becomes stiff, but this does not affect its thermal performance or water vapour permeability.
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RECOMMENDED PRACTICES
FOR INSULATION APPLICATIONS

his guideline covers the recommended requirements and
design features for typical refrigeration insulation
applications. This guideline may be followed unless State or
Local Building Codes dictate otherwise. For insulation and
insulation accessories, specific manufacturer instructions will
supersede the recommendations in this guideline. A
qualified engineer may be consulted to specify both the
insulation material and the insulation thickness based on
specific design conditions. Please note that insulation
thickness is chosen to either prevent or minimize
condensation on the outside pipe surface or limit heat gain
to 8 Btu/hr-ft2 whicheverthicknessis greater.

All insulation must be stored in a cool, dry location and be

protected from the weather before and during application.

vapour retarders and weather barriers must be installed over dry insulation. Corrosion of any metal under any thermal insulation
can occur for a variety of reasons. The outer surface of the pipe should be properly prepared prior to the installation of the
insulation. With any insulation, the pipe can be primed to minimize the potential for corrosion. Careful consideration at the time
of theinsulation system design stage is essential. Specific guidelines were detailed earlier in this chapter.

INSULATIONINSTALLATION GUIDELINES

All welding and other hot work should be completed prior to the installation of the pipe insulation. All hydrostatic and other
performance testing should be completed prior to the installation of the insulation. Surfaces to be insulated should be free from
all oil, grease, loose scale, rust and foreign matter and shall be dry and free from frost. Site touch-up of all shop coating including
preparation and painting at field welds should be completed priorto the installation of the insulation.

Insulation for fittings, flanges and valves should be the same thickness as the insulation of the pipe and shall be fully vapour
sealed. If the valve design allows, insulate valves to the packing glands. Stiffener rings where provided on vacuum equipment
and/or piping should be insulated with the same thickness and type of insulation as specified for the piece of equipment or line.
The rings should be fully independently insulated. Where multiple layers of insulation are used, all joints should be staggered.
Insulation should be applied with all joints fitted to eliminate voids. Large voids should not be filled with vapour sealant or fibrous
insulation, but eliminated by refitting or replacing the insulation. All joints, with the exception of contraction joint locations and
theinnerlayer of adoublelayer system, should be sealed with either the proper adhesive or ajoint sealer during installation. Each
line should beinsulated as a single unit. Adjacentlines shall not be enclosed within acommon insulation cover.

Open cell or high permeance insulations may require special protection during

installation. Function of Water-Vapour Diffusion Resistance
) ) o " of alu-cladded glassfibre and pin hole area
All'insulation applied in one day should have at least one coat of the specified

vapour retarder mastic applied the same day. If impractical to apply the first coat
of vapour retarder mastic, the insulation must be temporarily protected with a
moisture retarder, such as an appropriate polyethylene film, and sealed to the
pipe or equipment surface. All exposed insulation terminations should be
protected before work stoppages. vapour stops should be installed using either
sealant or the appropriate adhesive at all directly attached pipe support
locations, guides, anchors and at all locations requiring potential maintenance,
such as valves, flanges and instrumentation connections to piping or
equipment. If forany reason valves or flanges are required to be left uninsulated
until after plant start-up, temporary vapour stops should be installed using
eithersealant orthe appropriate adhesive.

W = [1000]
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When applicable, the innermost layer of insulation should be applied in two half

) . .. . ) . 0 0.1 0.2 0.3 0.4
sections, secured with 3/4" wide pressure sensitive filament tape banding

Hole-area [mm2 / m2]
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spaced at 9" maximum centers applied with a 50% overlap. Single and outer layers above 18" od, and where inner layers are
applied in reduced and beveled segments, should be secured by 3/8" wide stainless steel bands at 9" maximum centers. The
bands shall be firmly tensioned and sealed.

Irregular surfaces and fittings should be vapour sealed by applying a thin coat of vapour retarder mastic or finish with a minimum
wet film thickness as recommended by the manufacturer. While the mastic or finish is still tacky, an open weave glass fiber
reinforcing mesh should be laid smoothly into the mastic or finish and should be thoroughly embedded in the coating. Care
should be taken not to rupture the weave. The fabric should be overlapped a minimum of 2" at joints to provide strength equal to
that maintained elsewhere. Before the first coat is completely dry, a second coat should be applied over the glass fiber
reinforcing mesh with a smooth unbroken surface. The total thickness of the mastic or finish should be in accordance with the
coating manufacturer'srecommendation.

When possible, the pipe support mechanism should be located outside of the insulation. Supporting the pipe outside of the
protective jacketing eliminates the need to insulate over the pipe clamp, hanger rods, or other attached support components.
This method minimizes the potential for vapour intrusion, and thermal bridges within the system as a continuous envelope
surrounds the pipe.

Hangers need to be spaced to incorporate allowable loading on both the piping as well as the insulation material. ASME B31
standards establish basic stress allowances for the piping material. The loading on the insulation material is a function of its
compressive strength. Related information in this table is also referenced in the 1996 ASHRAE Systems and Equipment
Handbook.

Suggested Pipe Support Spacing for Straight Horizontal Runs

PipeO.D.(in) | Standard Steel Pipe /water Standard Steel Pipe /steam CopperTube /water
8 5

1727

3/4 7 9 5
1 7 9 6
1-1/2 9 12 8
2 10 13 8
2-1/2 11 14 9
3 12 15 10
4 14 17 12
6 17 21 14
8 19 24 16
10 20 16 18
12 23 30 =
14 25 32 =
16 27 35 =
18 28 37 =
20 30 39 =
24 32 42 .

Source: Adapted from MSS Standard SP-69 an ASME B31.1

a) Spacing does not apply where span calculations are made or where concentrated loads are placed between supports such as
flanges, valves, specialties, etc.

b) Suggested maximum spacing between pipe support for horizontal straight runs of standard and heavier pipe at maximum
operating temperatures of 750°F (400C).

The compressive strength of the insulation material may or may not be comparable to support loading at these distances. The
force (psi) on the bearing area of the insulation in the support configuration sustaining the load of the piping and contents
should be calculated, and compared to the compressive strength of the insulation. In refrigerant piping, typically band style or
clevishangersare used in conjunction with rolled metal shields or cradles.
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Although the shields are typically rolled to wrap the outer diameter of
theinsulation inan arc of 180°, the bearing area is calculated overa 120°
arc or the outer circumference of the insulation multiplied by the shield
length. Ifthe insulated pipe is subjected to pointloading such as resting
on a beam or a roller, the bearing area arc is reduced to 60° and
multiplied by the shield length. In this case, rolled plate may be more
suitable than sheet metal. Provisions should be made to secure the
shield on both sides of the hanger (metal band), and the shield should
beinstalled centered within the support.

Table 13: Protection Shields for Insulated Pipe and Tubing

1/2t03-1/2 12 18/.048
4 12 16/.060
5-6 18 16/.060
8 24 14/.075

Source: Adapted from MSS Standard SP-69

Notes: Protection shield gages listed are for use with band type hangers only. For point loading, increase shield thickness and
length.

Some installations may require the use of an expansion or contraction joint. These expansion/contraction joints are normally
required in the innermost layer of insulation. Expansion/contraction joints may be constructed by using a 1" break in the
insulation. All joints should then be tightly packed with fibrous insulation material. The insulation should be secured on either
side of the expansion/contraction joint with stainless steel bands that have been hand tightened. Cover the
expansion/contraction joint with the an appropriate vapour retarder and properly seal.

Maintenance of Insulation Systems

Insulation systems must be inspected and maintained to ensure that the system continues operation according to design.
Periodicinspections are needed to determine the presence of moisture, which will lower the insulation thermal efficiency, often
destroying the insulation system. Further, corrosion may develop on the exterior surface of the pipe if moisture is presentand the
temperature isabove 25°F (-4°C).

The Frequency of inspection should be determined by the critical nature of the process, the external environment and the age of
the insulation system. During a routine inspection of the insulation system:

Look for signs of moisture or ice on the lower part of horizontal pipe, at the bottom elbow of a vertical pipe, and around pipe
hangers/saddles as moisture may migrate to low areas.

- Lookforjacketing penetrations, openings, or separations.
- Checkthejacketing to determineif the banding is loose.
- Lookforbead caulking failure especially around flange and valve covers.

- Lookforjacketingintegrity and open seams around allintersecting points suchas pipe transitions, branches and tees.

- Lookfor cloth visible through the mastic or finish if the pipe is protected by a reinforced mastic weather barrier.
During an extensive inspection of an insulation system:
- Usethermographic equipmenttoisolate areas of concerns

- Designamethod to repair, close and seal any cutinto the insulation or vapour retarder so that a positive seal may be
maintained throughout the entire system.

- Examinethe pipe surfacefor corrosion if the insulationis physically wet.

- Theextent of moisture present within the insulation systemand (or) the corrosion of the pipe will determine the need
toreplace theinsulation. Allwet parts of the insulation  must be replaced.
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