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Foreword

Qatar Metals Coating Company W.L.L (Q-Coat) was
formed in 1990 as a joint venture between Qatar Steel
Company and Qatar Industrial Manufacturing Company,
QIMC, with a vision to provide a solution to corrosion
reinforcing steel in concrete. It is one of the first and
most reputed epoxy coated rebar manufacturer in GCC,
based at Mesaieed Industrial City in Qatar.

The use of fusion bonded epoxy (FBE) coating is
considered by many Researchers and Engineers to be the
most cost effective technique for combating corrosion
on rebar. Through stringent quality assurance practices
followed during FBE coating on rebar procured from
Qatar Steel, Q-Coat has established its credentials in
the GCC markets, especially in Qatar which has been
growing consistently over the years. Initially from
a capacity of 60,000 TPY, Q Coat has expanded its
facilities to produce 100,000 TPY to be the largest epoxy
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The technical expertise of Q-Coat in Fusion Bonded
Epoxy Coating is reflected in its product quality with
recommendations received from numerous authorities
and companies such as KAHRAMAA (Qatar General
Electricity & Water), QAFCO (Qatar Fertilizer Company)
and ISO 9001:2008 Quality Management system.
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Consistent with Qatar National Vision (QNV) 2030,
our responsibility is to contribute to the growth of
the construction industry by providing a continuous
protection to the corrosion of reinforcing steel. However,
this demands for a continued effort to improve the
awareness on the benefits of using epoxy coated rebar.
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We are optimistic that our joint efforts would facilitate
us in emerging successful in our endeavor.
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Corrosion:
A Recurring Problem

Thedeterioration of concrete structures due to corrosion
of steel reinforcement is a worldwide problem that
first drew attention in USA during the early seventies.

It was discovered that structures such as highways,
bridges, decks, parking ramps and marine installations
designed to last for 100-75 years of service life,
required replacement or extensive repairs in just 10
years after construction.

The problem was associated with absorption of
airborne pollutants, acids and chloride salts through
the surface which eventually found their way to the
reinforcement steel causing it to corrode.

When steel corrodes, rust is formed and it occupies
more space than the steel itself. In some cases, the
volume can increase as much as 20 times that of the
original volume of steel that has corroded.

Enormous pressure develops between the concrete
and steel causing the concrete to crack. These
cracks propagate through the concrete resulting in
concrete spalling leading to structural failure.

In terms of climate, the Middle East and Far East
regions constitute a highly corrosive environment for
reinforced concrete in the world. High temperature
and humidity combined together with high natural
chloride contents and air contributes to the rapid
corrosion of steel reinforcement. Salt spray and
airborne chlorides along the coastal areas add to the
problem. Thus, all reinforced concrete structures
existing in such an environment are most likely to
undergo one or more of the following consequences:

* Reduction in service life of structures
¢ Concrete failure leading to shut down of vital
and important structures
* Danger to public safety due to catastrophic failure
* Increase in rehabilitation and repair cost and time
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Approaches Towards
Corrosion Protection

The five most prominent approaches used worldwide
for corrosion protection are:

¢ Concrete surface sealers

* Concrete barrier/cover depth

¢ Chemical stabilization/ Corrosion Inhibitors
¢ Electrochemical Method

* Coating of rebar / Steel Barrier Protection

Concrete Surface Sealers:Concrete surface sealers
are applied to concrete surface to protect it from
corrosion. They either block the pores in the concrete
to reduce absorption of water/salts or form an
impermeable layer that prevents such materials from
passing. Sealers can be separated into two groups:
film forming and penetrating. The practical problems
are that they are site applied and subject to weather
and construction practices. Surface preparation of the
existing concrete can be an important factor.

Concrete Barrier/Cover Depth: Increasing concrete
cover depth has proven effective in slowing the ingress
of chloride to the steel. The biggest problem with this
method is that there is an increase in cracking
propensity, high cost, and increased permeability with
age, scaling, and water entrapment.

Chemical  Stabilization/Corrosion  Inhibitors:
Chemical protection relies on changing the concrete
environment to reduce corrosion. Two significant
drawbacks are: it acts as a set accelerator for concrete
and normally needs a retarder; secondly, the amount
required is difficult to predict because exposure varies
in different parts of the structure.

Qatar Metals Coating Company W.L.L.
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Electrochemical Method: Cathodic protection works
by imposing an electric potential to oppose the corrosion
cell. It requires an anode current distribution system
and a power supply. The major drawback is that
it is a technically sophisticated, expensive system that
requires trained Engineer site visits, and high
maintenance expenditures.

Coated Rebar/ Steel Barrier Protection:

Fusion Bonded Epoxy Coating is one of the corrosion
resistive methods used extensively in construction to
protect steel from corrosion, by preventing chlorides
and moisture from reaching the surface of the steel. A
few of FBECR advantages over other type of coated
rebar’s includes the following:

* Reduces concrete damage through corrosion resistant
reinforcing.

 Higher chloride threshold and lower corrosion rates
than uncoated bars.

¢ ECR’s have already demonstrated almost 50 years
design life in 1970’s concrete.

* ECR remains cost-effective corrosion protection.

* Perfect solution for GCC coastal structures subject
to high heat, humidity and salinity.
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Historical Research
Outcomes

FBECR is most widely used material world-wide
with evidences of field research done at Pennsylvania
& New York, Florida, Virginia Department
of Transportations (DOTs), North Carolina, and
Georgia showing long life of decks constructed
with ECR.

Pennsylvania & New York: Field survey & Lab
analysis of 240 bars extracted from 80 bridge decks
reported good performance of ECR extrapolating
75 years of low maintenance service life.

New York Department of Transportation: ECR
performs significantly better than uncoated rebars.
(Based on statistical analysis of 17,000 structures).

Florida: Most structures with ECR in Florida concrete
are predicted to have 100 years of service life.

Virginia Department of Transportation: All
decks with uncoated bar had been overlaid due to
corrosion (34-18 years). Whereas, none of ECR
decks had been overlaid. (2009 study)

North Carolina Bridges: No corrosion induced
concrete distress was detected and the investigators
concluded that ECR provides adequate protection
for uncoated rebars and its use should be continued.

Georgia: MacKay river bridge samples did not
show active corrosion despite the presence of
chloride concentration at the bar depth of up to
0.079% by weight of concrete even with less than 5
mils coating thickness.

Qatar Metals Coating Company W.L.L.
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Fusion Bonded Epoxy Coated
Rebar: The Right Solution for
Steel Rebar Corrosion

FBECR provides the required flexibility to withstand
180° degrees bend over a mandrel diameter specified
by international specification without affecting
the coating adhesion along with being the most
effective  solution to concrete degradation. In
addition, they offer increased resistance to damage
that can be caused by careless site handling.

180° Bend over a Mandrel

The coating provides long term adhesion to steel
and ensures the reinforcing bars are protected over
a wide temperature range and all climatic conditions.
Few notable advantages are:

* Long-term corrosion resistance

* Excellent prevention to salt damage

* Excellent impact resistance, bendability & adhesion
* Good bond strength with concrete

¢ Pleasing appearance

FBECR being utilized at
KAHRAAMAA Mega Water
Reservoirs Project
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Production of Epoxy Coated
Rebar at Q-Coat

Rebar Surface Inspection: Black bar procured
exclusively from Qatar Steel Company QSC is
inspected for surface defects such as seams, slivers,
roll marks, oil & grease contamination etc. and
non-conforming black bars are rejected to ensure
superior coating quality.

Surface Preparation: Blacks bars are abrasive
blast-cleaned to a near white metal finish using
steel grit. This cleans the surface of steel from
contaminants, mill scale, rust, and salts giving it a
textured anchor profile (the microscopic peaks and
the valleys on the surface) with a maximum roughness
depth of 1.5 to 4.0 mil [40 to 100 wm].

Heating: Black bars are heated to approximately
230°C wusing high frequency electrical induction
heater.

Induction Heater

Epoxy Powder Application: The heated black bar
is passed through a powder-spray booth where the
dry epoxy powder is discharged from a number of
spray nozzles. As the powder leaves the spray gun,
an electrical charge is imparted to the particles.
These electrically charged particles are attracted to
the grounded-steel surface providing even coating
coverage. As the dry powder hits the hot black bar,
it melts and flows into the anchor profile and
conforms to the ribs and deformations of the bar.

Powder Coating Booth

Qatar Metals Coating Company W.L.L.
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Curing & Quenching: Following powder application,
the coating is allowed to cure for a short period
(approximately 15 - 10 seconds) during which it hardens,
followed by water quenching that quickly reduces the bar
temperature by suppressing the excessive heat.

Quenching

Inline Quality Inspection: Inline holiday detector is

used to measure coating holidays.

Inline Holiday Detector

Packing: The coated bars are then carefully tied with
in protective
polyethylene sheet, ready for loading & dispatch.

nylon straps and bundles wrapped

Packed FBECR bundles

In the year 2016 & 2015, Q-Coat has supplied more than
350,000 MT of FBECR for KAHRAMAA Mega Water
Reservoirs Project in Qatar
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Quality Assurance

At Q-Coat we are committed to achieve and maintain
the highest standards of quality in all areas of operation
by in process quality tests such as :

* Oil Contamination Test

Near-White Blast Cleaning using SSPC-SP10

Backside Contamination Tape Test

Copper Sulfate Test

Surface Profile Measurement

e Bar surface temperature using non- sulfurous
temperature- sensitive crayons and infrared
temperature gauge

Epoxy coated rebar is tested for following quality
parameters:

e Coating holidays using inline and hand held
holidays detector

¢ Coating Thickness
* Coating Flexibility by 180° Bend Test

Surface Profile Measurement

Coating Thickness Measurement

Qatar Metals Coating Company W.L.L.
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Hand Held Holiday Detector

180° Bend Test

Surface Profile of Abrasive Blast -
Cleaned Steel Using a Replica Tape

spepeooR

Cathodic Disbondment Test

paapaaan

of Q-Coat
complies with ISO 9001:2008 standards applicable
to the manufacture of Fusion Bonded Epoxy
Coated Re-bars (FBECR).

The quality management system
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International Standard of FBECR & Q-Coat Average

Parameter AT78 2017 1465411999 (as%;rccoﬁtsn
Bar Anchor Profile 1.5 - 4 Mils 1.96-2.75 mils 2.0-4.0 mils
Coating Thickness 77ié2mnillisls[l[g:}1%mmmn]1] 7- 12 mils (250 1()3_(1)(2)n£zrons)
Coating Holidays 3 holidays/m(max) 4 holidays/m(max) 3 holidays/m (max)
Coating Flexibility 180° bent using 8D 180° bent using 4D & 6D Complying with both standards
Cutmottc Disboncment Tt | Novspplonte | 4 e Do Rade | e Couted S R

ing bars shall not exceed 2mm.

ing bars shall not exceed
2mm - 4mm.

Bond strength with the
concrete

Shall not be less than 85 % of
the uncoated bars.

Shall not be less than 85 % of
the uncoated bars.

Improved with 20 bars. 85 %
of the uncoated bars

12 Qatar Metals Coating Company W.L.L.
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Effect of Coating Thickness on Corrosion of ECR
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Reference: WJE, Condition Survey of West Virginia Bridge Decks, constructed with ECR, 2009
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Effect of Chloride Concentration in Concrete on Corrosion of ECR compared to Black Rebar
Reference: WJE, Condition Survey of West Virginia Bridge Decks, constructed with ECR, 2009
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Benefits of using FBECR

Fusion bonded epoxy coated rebars (FBECR)
manufactured by Qatar Metals Coating Company
(Q-Coat) have successfully been used in a wide range
of industrial, commercial and residential concrete
structures for both the public and private sectors in
Qatar and other GCC countries.

Significant benefits of using FBECR include:

Cost: Q-Coat epoxy coated FBECR do not require
any change in design or quantities. The cost associated
with their use does not exceed 1% of the total cost of
the concrete structures. This proportional cost is even
more insignificant when compared to the required
repair or replacement cost incurred due to corrosion
damage.

Life Expectancy of Construction: FBECR prolongs
the life expectancy of a concrete structure between 7
to 15 times compared to uncoated rebar’s.

GCC Environment: Perfect solution for GCC coastal
structures subject to high heat, humidity and salinity.

Repair and protection: Q-Coat provides special
patch paint to protect rebar ends after cutting and also
supplies PVC tie wire for fixing.

Supervision: Q-Coat offers its clients comprehensive
site supervision services on request.

Handling advice: Q-Coat provides clients with a
special leaflets that offers advice and guidance for the
correct handling of the epoxy coated rebar on site.

Qatar Metals Coating Company W.L.L.
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Cost Effect Analysis of FBECR
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FBECR Provides Cost Effective Corrosion protection.
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Case Studies — Q-Coat FBECR Applications at Doha, Qatar
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Research on Corrosion
Performance of Epoxy
Coated Rebar

Extensive research was conducted for a period
of two years by Qatar University to evaluate the
performance of Epoxy Coated Rebar (ECR) in a
simulated corrosive environment.

‘U’ shaped rebar samples from three different
categories i.e. Black bar (BB), Epoxy Coated Rebar
(ECR) and Epoxy Coated Rebar with Controlled
Damage (ECRCD) were placed in concrete blocks
(300 mm x 230 mm x 70 mm) with a cover thickness
of 25mm.

These nine concrete blocks were submerged in
sea water contained inside a temperature controlled
salt spray chamber emulating Mari-time conditions
in the GCC. U shape bent was provided to observe
the effect of induced stress on corrosion behaviors.

The following wetting and drying cycles were
performed:

e Three (3) days of heating and drying at a target
temperature of 52°C,

* Followed by four (4) days of ponding under sea water
at 16 -27°C, for twelve (12) weeks.

* Continuous ponding under sea water at target of 32
°C, for 12 weeks.

» This 24 week cycle is repeated 4 times for a total
test period of 96 weeks (two years)

The continuous wetting and drying cycles enable
chloride penetration at concrete surface, eventually
reaching the surface of the rebar.

Fig 1. Salt Spray Chamber

Qatar Metals Coating Company W.L.L.
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Fig 2. Submerged Concrete

Chloride Profile Test

The chloride contents were measured at different
depths up until the surface of rebar samples according
to BS 1881 Part 124. As shown in Figure 3, the
chloride profile threshold (0.14% by weight of concrete
sample) for the initiation of corrosion in black
bars has mostly been surpassed by at least 6 times
than 0.14%. Yet there are no signs of corrosion on
ECR or ECRCD!

+ B b e

Fig 3. Chloride Profile [ |
in Concrete Blocks.

1 P o Bl o
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Half Cell Potential Test

The half-cell potential of rebar samples were
measured using Giatec Half-cell equipment. It was
observed that the potentials for black bar concrete
samples were electronegative in the range of -600
mV/SCE where the probability of corrosion is above
90 %.

On the contrary, the potentials measured in concrete
blocks with epoxy coated rebar’s were less
than -300 mV/SCE showing no visible corrosion.
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Fig 4. Half-Cell Potential at Steel
Surface of Black Bars with Visible
Corrosion at Bent Portion. (Potential
is inmV)

Fig 5. Half-Cell Potential of a Concrete
Block with an Epoxy Coated
Steel Bars without any Corrosion
(Potential is in mV)

Table 1. Half-Cell Potential Values
for Corrosion Conditions

Qatar Metals Coating Company W.L.L.
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Fig 9. After Breaking Concrete
Block with ECR

Fig 10. Retrieved ECR
Fig 11. Retrieved ECRCD

Knife Peel off Test (Coating Adhesion Test)

The epoxy coating of ECR and ECRCD was intact
strongly as it was hard to cut through it and no
color change was observed despite two years of
submergence. The surface of the steel was shiny
underneath the epoxy coating and no signs of
corrosion were witnessed.

Fig 12. No Sign of Corrosion
Underneath the Epoxy Coating

*

Research conducted by Qatar University confirms that there
are no corrosion related issues with Epoxy Coated Rebar
manufactured at Q-Coat. ECR performs exceptionally well in

aggressive marine environment in comparison to black bar by
providing benefits such as enhanced service life and reduced
repair cost, hence, benefiting the economy of the country.

Qatar Metals Coating Company W.L.L.
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ABS Quality Evaluations
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Outar Fertilissr Compasy (QAFCO) certifies that the Fubon Bonded
Eposy Coated Rebar produced and sspplied by Gatar Metal Coating
Company [QODAT] has been specified ard pre-Approved by QAFCD to
b utilied For all strategic perojects conducted by QAFCO.

This certificate is lssued upon QCOAT's request without any
liabdlity on the part of QAFCO .

Yours Faithfully
FarfQatar Fartilser Company [ 5.8.0)

e o aass,

i —

R R, R AT

. R MY, s o H
iy e i)

e T

Qatar Metals Coating Company W.L.L.

21



Epoxy
Coated Rebars

« Protects Against
Corrosion.

« Extends Service Life.

« Reduces Life-Cycle Costs.
« Low Initial Investment.
v Cost - Effective.

« Good Value
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