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and accessibility of scientific information generated within NBS and other agencies of

the Federal Government; promotes the development of the National Standard Reference
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Abstract

This is the second quarterly progress report for the project

Nonmetallic Coatings for Concrete Reinforcing Bars » The period of

January 1, 1972 to March 31, 1972 is covered by this report.

Described in this report are: the procurement of samples of

coating materials; the mixing and curing of the coating materials; and

preliminary screening test that were carried out in order to select

the most promising materials* The screening tests include: immersion

testing of cured disc specimens; chloride permeability determinations

of thin films; and accelerated corrosion studies of coated steel

reinforcing bars.

Of the materials tested to date, the two component epoxy systems

seem to have the most promise as protective coatings for steel

reinforcing bars embedded in concrete.

Certain commercial materials are identified in this report in

order to adequately specify the experimental procedure. In no case

does such identification imply recommendation or endorsement by the

National Bureau of Standards, nor does it imply that the material

identified is necessarily the best available for the purpose.

i
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Quarterly Progress Report No. 2

(January 1 to March 31, 1972)

1. Study Identification: Order

No. 2-1-0614

Title: Nonmetallic Coatings for Concrete Reinforcing Bars.

2. Date Work Started: 9-17-71

Date of Report 4-3-72

3. Research Agency: National Bureau of Standards

4. Objectives

To investigate the feasibility of using epoxy systems and other

organic systems to protect steel reinforcing bars embedded in the

concrete of bridge deckings from corrosion. This corrosion is

accelerated by chloride ions used as de-icing agents. The selection

of appropriate protective coating systems is based on physiochemical

testing with consideration given to economics involved in coating and

fabrication of reinforcement.

5. Background

A discussion of some of the historic aspects of the problem of

accelerated corrosion of steel reinforcing bars by chloride ions was

given in the first progress report (NBS Report No. 10690). The first

report also covered the initial selection of potential materials to

protect the steel bars.

Included in the present report are results of screening tests used

for the purposes of choosing the best coating systems.



6. Progress

The work in the second quarter of the project was concentrated in

the procurement of samples of organic coatings and in making screening

tests of cured specimens.

6.1 Procurement

To date, 27 coating materials listed in Table 1 have been received.

All of these materials are liquid systems, with 14 being essentially

100 percent solid systems and 13 containing considerable amounts of

volatile solvents. Twenty two of the listed coatings are classified as

epoxies with the remaining five being various types of organic coatings,

including one zinc metal filled system. It is felt that the materials

listed in Table 1 are a good representation of the available liquid

coatings which have potential use in protecting steel reinforcing bars

and, therefore, no further soliciting of liquid coatings will be made.

Powder coatings promise to have numerous advantages compared to

liquid coating materials (see the papers in Reference 1 for a detailed

discussion of powder coatings, their applications, and advantages), and

are being incorporated into the present project. The most feasible

method to acquire test specimens of powder coated bars is to have

experienced powder coaters apply the materials to steel reinforcing

bars that we have supplied. Firms agreeing to apply powder coatings to

rebars are listed in Table 2. These firms are Celanese Coatings

Company, H. C. Price Company, Parboil Company, Robroy Industries,

CIBA-GEIGY Corporation, H. B, Fuller Company and the Du Pont Corpor-^

ation. The coated bars should be returned to NBS and available for

testing in April 1972. Samples of the untreated powders are also being

2



supplied by the above named firms. The Polymer Corporation has also

been contacted and probably will agree to coat rebars with their powder

epoxy#

Included in Table 2 are several firms that are applying liquid

coatings, they are Celanese Coating Company, Mobil Chemical Company,

CIBA-GEIGY Corporation, General Mills Chemical, Inc#, H. B. Fuller

Company, and SIKA Chemical Company# To date, coated bars have been

received from Celanese Coating Company, Mobil Chemical Company, and

CIBA-GEIGY Corporation#

The listing in Table 2 is not necessarily complete as additional

firms may possibly be requested to coat rebars# However, it is

anticipated that this selection will be completed during the April to

June 1972 work quarter#

6 #2 Curing of Two-Component Coating Materials

The two component systems listed in Table 1 are all of the epoxy

type, consisting essentially of an epoxy resin and a curing component#

Often catalysts are added to accelerate the curing reaction# The curing

of epoxies is attributed to chemical reactions between the epoxy resin

and curing agents leading to polymerization of the mixture# Two

component epoxies are classified as thermosetting materials for their

cure is accelerated by heat and they harden and retain their shape when

heated#

In the present work the ratio of curing component to epoxy resin

and the mixing and curing times were closely controlled and were the

same as those specified by the accompanying manufacturers instructions#

The epoxy resin and curing component were mixed at room temperature.

3



ca. 24®C (75®F), relative humidity of ca. 35 percent, using either an

electric stirrer (100 percent solid epoxies) or a metal spatula (solvent

containing epoxies)*

The 100 percent- solids liquid epoxy systems (solvent free systems)

required little pre-mixing of the respective components and, although

the components were very viscous, they could be readily mixed together

with the exception of the epoxies supplied by H. B. Fuller Company

(discussed later)* Little odor was detected with the 100 percent -solids

systems. These epoxies had good flow characteristics when applied to

rebars using paint brushes, i*e. little sag or dripping of the films

was present. The solvent containing epoxies required considerable

mixing of the respective components due to solvent separation and their

inherit low viscosities often lead to spillage and dripping. The

aromatics and ketones solvents caused considerable human discomfort

even when mixed in a well-ventilated laboratory hood. These types of

solvents also constitute a fire hazard due to their high volatility and

low flash point. The flow characteristics of the solvent containing

epoxies were not as good as 100 percent solids epoxies; when applied to

rebars using paint brushes or by dipping methods, much sag and dripping

of the film occurred.

The two epoxies supplied by H. B. Fuller Company, Resiweld 7251 and

7259, required lengthly pre-mixing of the components and when mixed never

cured as evidenced by their liquid state after a two month period. Heating

the mixed samples to 100®F for 10 minutes, which should accelerate the

cure, did not have any pronounced effects. Later a representative of

H. B. Fuller Company apologetically advised us that they had inadvertently

submitted samples from a three year old stock and probably the epoxy

4



resins had self-polymerized, thereby quenching any possible reaction

with the curing component. Fresh sanqjles are being supplied by H. B.

Fuller Company.

A substantial quantity of entrapped air or gas was contained in

the cured specimens of the two epoxies from Gates Engineering Company,

GACO EHS-55 and EHS--58. The manufacturer* s acconpanying technical

bulletin suggested an aging period of approximately one hour before

application, however, even after this aging period the bubbles were

still present in 3 mil films. Since the bubbles are a potential source

of pin holes, these epoxy coatings have been judged to be unacceptable

as protective coatings for steel reinforcing bars.

Two non-epoxy, two component coating materials supplied by the

Witco Chemical Corporation, WITHER T830 and WITHER 520, are classified

as urethane type elastomeric polymers. They have properties similar to

flexible rubbers, low tensile strengths (450 psi and 100 psi respectively),

and their percentages of elongation are between 550 to 600 percent. It

is obvious that these materials will not pass the pull-out and creep

tests and will not be further investigated. However, these materials

have potential as impervious membranes.

6.3 Thermoplastics

The one component coating materials listed in Table 1, contain

solvents and can be classified as thermoplastics as they soften and

change shape when heated. It is felt that the term "epoxy" for the one

component systems supplied by the 3H Company, Scotch-Clad Protective

Coating 1706, and by Wailes Dove Bitumastic, Ltd., Comastic, is a misnomer as

they are actually lacquer-like and do not Involve the chemical cure

5



characteristics of two component epoxy materials.

All of the one component coatings were applied to rebars using a

paint brush yielding a coating film thickness of about 5 mils and were

allowed to thoroughly dry. Subsequently, the coated bars were heated

in a water bath to 60®C (140*F) for 1/2 hour and the hardness of the

coatings were qualitatively determined by cutting across the coatings

with a metal spatula. In all cases, it was found that the coatings were

much softer than at room temperature and could be easily removed from

the bars. Similar tests with cured epoxy coated bars indicated that

the coatings remained hard and well adhered to the bar (with the

exception of the epoxy polysulfide-straw coated bars submitted to

Mobil Chemical Company). Although these tests were crude, the superiority

of the cured epoxy coatings over the one component coatings^ was clearly

evident. In general, epoxy coatings have better abrasion and impact

resistance, chemical resistance, and durability than thermbplastic materials

[l]. No further testing of the one component materials is presently

being contemplated.

6.4 Immersion Testing

Cured epoxy specimens have been immersed in water and aqueous

solutions of 3M CaCl
2 , 3M NaOH, and a solution containing saturated

CaCOH)^ saturated CaSO^«2H20 and 0.5M CaCl^. Their weight change is

measured periodically. The epoxy specimens were cast into discs using

aluminum weighing dishes as molds and have diameters of 2 1/4 inches

and thicknesses of ca. 3/8 inches (the thickness of solvent containing

epoxies were ca. 3/16 inches). The discs were immersed in water for

a few minutes before measuring the original weight prior to the immersion

studies. The temperatures of the testing solutions were 24±1®C.

6



The immersion data are presented in Table 3 for specimens immersed

for seven and five weeks. The two sanq>les having the greatest percentages

of weight changes are primers, Chemfast E. P, and Epoloid 7-WE-20,

which should only be used with a topcoat*

The immersion test, with periodic weighing, will be continued until

the specimens have been immersed for a year*

If possible, the powder epoxies will be subjected to the same tests.

It may be difficult to cure the powder epoxies at elevated temperatures

in the alumintim weighing dishes and still release the cast specimens.

6.5 Chloride Permeability

The permeability of thin films of cured epoxies is being measured

using permeability cells designed and constructed at the National

Bureau of Standards. Essentially, a cell consists of two glass

compartments, separated by an epo^ film sandwiched between two glass

I

plates, each having centered one-inch diameter holes* One compartment

contains 175 mis of 3N NaCl and the other has 115 mis of distilled

water. The activity of chloride ions passing through an epoxy membrane

is measured using an Orion Specific Ion Meter, Model 401, along with

Orion Chloride Electrode, Model 94-17, and Orion Double Junction

Electrode, Jtodel 90-02* Activity readings are converted into concentration

values in moles per liter by using a conversion diagram, constructed by

plotting measured chloride ion activity vs* known chloride ion concentrations.

Presented in Table 4 is the permeability data obtained during the

period of this report* At the present time, the consequences of the

values have mt been ascertained, however, in no case did the permeating

chloride ion concentration even approach the threshold concentration

7



found to induce corrosion of reinforcing bars [2]* Possibly, at a

later date in this study, proper evaluations of the permeability data

can be given. Probably a sudden change in permeabilities with time

will be more meaningful than the absolute values.

6.6. Accelerated CJorrosion Testing

In these tests coated bars are partly immersed in aqueous solutions

of 1.5N NaCl (S.9% by weight) and subjected to a D. C. voltage sufficient

to cause the evolution of

The results of the tests are summarized in the following:

1. No corrosion was observed where a coating was continuous.

2. When pin hole areas were detected, no back-spread was found

in relatively short exposures of less than 2 volts, i.e. corrosion did

not spread under coated areas surrounding the pin holes.

3. When pinholes were present 1 to 2 volts were sufficient to

cause the evolution of hydrogen gas. In the case of continuous coatings,

a much greater voltage, about 15 volts, was needed to be applied before

hydrogen gas was evolved* Apparently, at this high voltage some break-

down of the coating took place at areas of weakness, mainly along the

high ridges parallel to the axis of the bar» Prolonged evolution of

hydrogen at high voltages caused disbonding of the coating.

6.7 Meetings Attended

Meetings attended in conjunction with study are as follows:

1. Highway Research Board Meeting in Washington, D. C., January

17 to 21, 1972, by Ramon Cilimberg, Robert Mathey and James R. Clifton.

2. National Association of Corrosion Engineers, St. Louis,

Missouri, March 20 to 25, 1972, by James R. Clifton

8



3, Powder Coating 72 Conference of the Society of Manufacturing

Engineers, Cincinnati, Ohio, March 28 to 30, 1972, by Hugh Beeghly.

4. American Concrete Institute Annual Convention, March 7 to 9,

1972, by Robert Mathey#

6.8 Status of the Work

The general project schedule submitted in the first quarterly

progress report, NBS Report No. 10 690, under Table 3, is closely

being adhered to and it is felt that the current work is progressing

according to schedule.

7. Problems

7.1 Staffing

Mr. Ramon Cilimberg has been assigned on a full-time basis to

another project that will last at least through July 1972. Afterwards,

we anticipate that he will be reassigned to this project of protecting

rebars

•

Procurement

The contemplated testing of powder epoxies and coated bars during

the next quarter is dependent on the receipt of materials. Although

promises of prompt application of powders to rebars have been made, only

a few coated bars have been received and none coated with powders;

numerous excuses have been by other applicators for unscheduled delays.

8. Work Planned for the Next Quarter

The immersion, chloride ion permeability, and accelerated corrosion

studies will be continvied and cured powder epoxies will be incorporated

into these screening tests.

9



Specimens for abrasion testing will be prepared and possibly such

tests will be performed in the next quarter*

Impact and bend tests will be initiated as soon as the majority of

powder coated bars are received from the applicators.

It is anticipated that concrete prisms containing coated and

uncoated bars (for control purposes) will be cast during the latter

portion of the next quarter* These specimens will be used in the

creep, pull-out studies, and in corrosion testing.

Corrosion testing on coated bars (not cast in concrete blocks)

that are partially immersed in three percent aqueous solutions of

chloride ions will be commenced* The potentials and resistances of the

coated rebars will be measured as an indication of the protecting

qualities of the coatings*

10
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Table 4* Permeability of Chloride Ions

Epoxy Film Thickness Ejqjosure Time Permeability
(mils) (weeks

)

1. Epoloid 2027 (ROWE) 7 2 3.3 X o
1

2. EPI-TOP (Celanese) 7 3 5.1 X 10-3

3. Epoxy Enamel 89 (Mobil) ' 7 4 4o9 X »-*o
1 OJ

4. Colma-Kote M Primer (SIKA 3 4 7.3 x: io‘^

5. Colma-Kote M Overcoat (SIKA) 3 4 7.3 X lO"^

6o Versamid-Epoxy (General Mills) 3 4 7.3 X io“^

7. EHS-55 (GATES) 3 4 5.8 X 10
‘^

Permeability units are', (grams per
i«e. theoretically the number of

]

a film having an exposure area of

2
day)/ esqjosed area (in )/film thickness (mils),

grams of chloride ions passing per day through
one square inch and a thickness of onenLlo
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