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FORWARD

Beginning in February 1993, the Energy Research Center for a major university was commis-
sioned by the Power Industry to independently evaluate the resistance of polymeric corrosion protec-
tive coatings to cold wall blistering. ARCOR S-30 and five other brand name competitive systems
commonly employed for the coating of cooling towers, circulating water pipe, water boxes,
tubesheets, condensers and heat exchangers were tested. The testing featured both accelerated and
more realistic exposures and controlled for both thick and thin film based systems. Two lengthy,
comprehensive progress reports have been issued to date by the university (Feb 16, 1993 & May 17,
1993).

ARCOR 8-30 was rated the top performer in every test conducted so far.

As agreed upon by the corporate sponsors, the utilities received a key which identified the name
brand of each coating and the coating manufacturers received only a key identifying their product.

‘Because of the proprietary distribution restrictions of the universily prepared progress reports and

the comprehensive and wordy format, it is the intent of this ARCOR publication to communicate the
test results in digest form. It is not our aim to divulge the identity of the failed coatings in this test
program that are still actively marketed in the Power Industry nor is it to manipulate the numerical
data to the benefit of our product. What is put forth here is an exact and complete relay of the gener-
ated data with albeit non-arbitrary commentary. Where possible, direct quotation from the university
report was utilized in the discussion sections to assist in impartiality.

This summary will take the following outline in the interest of the result minded reader:

L. Introduction (from the university report, verbatim)

II. Conclusions (from the university report, verbatim)

II1. Test Procedure (excerpts from the university report)

[V. Results & Evaluation (quotes from the university report)



I. INTRODUCTION

The following text was extracted verbatim from the Introduction section of the Preliminary Report
issued by the university on February 16, 1993. ARCOR S-30 was added replacing a general refer-
ence in the body of the text.

"Electric utility companies employ polymer coatings for corrosion protection in a variety of
locations such as cooling towers, water boxes, and tube sheets. In some cases these coatings are
vulnerable to failure in areas where a temperature gradient exists between a cold substrate and a
relatively warm fluid ("cold wall” blistering). The temperature gradient accelerates the rate of water
permeation through the coating (toward the cooler substrate) which promotes substrate corrosion and
subsequent delamination. Although a standard exists for evaluating coatings susceptibility to cold
wall blistenng (NACE Standard TM0174-74), several utilities have indicated that no comparative
results are readily available for selecting commercially available coatings. A test program is pres-
ently being conducted at the Energy Research Center to evaluate..." ARCOR 5-30 and five other
"... polymer coatings for resistance to cold wall blistering. Results of the test program will provide
information which can be used by utilities for selecting coating materials most resistant to cold wall
blistering..."

II. CONCLUSION
The following conclusions were extracted verbatim from the Preliminary Report issued by the
university on May 17, 1993. In the table shown below, ARCOR S-30 was indicated in place of ils

experimental designation (C).

1. "Based on the results from both the 'thin' and 'thick' coatings exposed to the high and low tempera-
ture gradients, a preliminary ranking of the coatings 1s as follows:" '

"Thin" Coatings "Thick" Coatings
Best Performance - ARCOR S8-30 Best Performance - ARCOR 5-30
D Becens D BEcrewn
A DEvian A Devey
Worst Performance - B, E ftomed Worst Performance - B, F Avmsecon

2. " Temperature gradient seems to be a larger factor in determining resistance to blister formation
than coating thickness. The same coatings in the 'thin' and 'thick' variations both blistered on expo-
sure to the higher temperature gradients earlier and to a greater extent than their counterparts ex-
posed to the lower temperature gradients.”

3. "A water-to-water heat transfer condition appears to promote an accelerated water permeation
through the coatings compared to a water-to-air heat transfer condition.”



III. TEST PROCEDURE

In the name of brevity, the following text is a compilation of excerpts from the Test Procedure
section of the Preliminary Report issued February 16, 1993.

Theoretical: "There are two general operating conditions which may induce a temperature gradient
across a coated substrate. In the first case, a temperature gradient is achieved across water-to-water
conditions. i.e., the coated substrate is in contact with water of different temperatures on each side.
In the second case, a thermal gradient is achieved with warm water on one side and cooler air on the
other side. The rate of water permeation generally increases with increased thermal flux through the
substrate. Since water has a higher specific heat than air, the former case is believed to promote

higher permeation rates and corresponding decreased coating life. The test program evaluates each
of these conditions."

Cell Configuration: "... The test consists of a modified version of the of NACE TM0174-74. The
test cell is shown schematically in Figure 1. ... An Atlas cell ... is fitted with coated panels at each
end. Each panel is 6" x 6" square x 0.25" thick constructed of SAE 1010 carbon steel and the Atlas
cell is 4" in diameter. ... A panel is coated on one side to achieve water-to-air conditions; ... a panel
coated on both sides is positioned between the Atlas cell and a water jacket to achieve water-to-
water conditions. Tap water is continuously circulated ... to maintain the water-to-water temperature
gradients. The flow rate through each cooling chest is set at approximately 1700 ml/minute ...
(equilibrated bulk temperature was 88°F). The Atlas cell contains 3 ports to accommodalte a con-
denser, thermometer and bubbler. The purpose of the bubbler is to agitate the solution and permit a
uniform temperature distribution in the solution. The cells are filled to 3/4 capacity with 0.5 M2
demineralized water... . A stream of air (@ 75°F) is forced onto the bare side of the one-sided panel
to prevent the development of thermal boundary layers. Two solution temperatures are employed at
100°F and 145°F. This induces water-to-air temperature gradients of 35°F and 70°F and water-to-
water temperature gradients of 22°F and 57°F. The test solution is heated via an electnical heating
mantle wrapped around the cell exterior."

Experimental Set up: The following table simplifies the experimental plan put forth in both text and
tabular format in the Preliminary Reporis.

"Thin" Coatings (3o milsnominal) | "Thick" Coatings (> 40 mils nominal)
. Low AT (realistic) |High AT (accelerated)| Low AT (realistic) |High AT (accelerated)
Sample ID Avg. Measured Thickness | Avg. Measured Thickness | Avg. Measured Thickness | Avg. Measured Thickness
P (airfwater) , (walerfwaler) | (airhwater) , (waterfwater) | (airfwater) | (waterfwater) | (airfwater) , (water/water)
Coating A 27,34 28, 28 47 39 69, 42
W L

Goating B 28, 27 29, 31 45, 46 48 59
Pocoil S-hie

ARCOR S-30 28,27 33,28 50,42 51,40
Coating D 20,27 20, 20 34 48 37,36

[ I Y Y

(&E%tmg E 32,383 31, 31 Not Tested Not Tested
[ [ o
Coating F Not Tested Not Tested 48 52 49,46




Figure 1. Atlas Cell Configuration @
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Evaluation: "The pre-test evaluations include coating thickness per ASTM G12 ... using a
Permascope D211 Magnetic Coating Thickness Tester and photographic documentation. ... Total
Organic Content (TOC) of the test solution (is measured). ... To more accurately detect the onset of
substrate corrosion, potential measurements are taken with a Keithley Model 617 Programmable
Electrometer. ... Detailed evaluations are conducted when the blisters are first detected and also
when the blistered area appears to have increased as determined through daily observations. ...Pan-
els are removed for visual inspection and the degree of blistering is determined by quantitative
image analysis. Blistering is measured as total blistered area and blistering frequency. ... The test
solution is changed at each evaluation. Test solutions removed from the cell are analyzed for TOC to
determine if any constituents have leached out of the coating. ..."



IV. RESULTS AND EVALUATION

The RESULTS AND EVALUATION section will directly quote those observations made by the
Energy Research Center in the Preliminary Report issued February 16, 1993 and cap off with those

made in the May 17, 1993 report. In the following text, ARCOR §-30 was indicated in place of its
experimenial designation (C).

Citations from February 16, 1993

1. Referring to thin & thick coatings at low AT's : "No blisters have been observed yet on the panels
exposed to the lower temperature test solution (110°F)."

2. Referring to "thin" coatings at large AT's (Air-to-Water): "The corrosion potential of bare steel is
approximately -600 mV. The corrosion potentials of the coated substrates are expected to shift
towards this value as water penetrates the coating and the underlying substrates begin to corrode. ...
The relative change in corrosion potential toward higher negative values is the important parameter
as this signifies the onset of substrate corrosion. ... The corrosion potential of the substrates pro-
tected by coatings A, B, D and E have all shifted towards higher negative values. ... In contrasl, the
substrate of ARCOR 8-30 exhibits a constant low corrosion potential over all the measurements for

the water-to-air condition, suggesting the substrate is well protected. Also note that ARCOR 8-30 is
free of blisters at this point."

3. Referring 1o "thin" coatings at large AT's (Water-to-Water): "... similar trends (as above) for the
water-to-water condition, except the onset of substrate corrosion appears to have occurred at earlier
exposure times."

4. Referring 1o ARCOR S-30 at large ATs: "Based on these preliminary results for the 'thin' coat-
ings at the high test temperature, the following ranking of coating types can be made. ARCOR §-30
shows the best performance to date. Corrosion potential plots show that the substrate is well pro-
tected in the water-to-air condition and the substrate corrosion in the water-to-water condition
occurred later than all the other coatings under the same conditions. In addition, ARCOR 5-30 is the
only 'thin' coating which has not vet exhibited blisters."

5. Summary Table from the February report:

Sample ID Thin Coatings - Large AT |Thick Coatings - Large AT
Coating A  DeEvicw Blistered after 14 days No Blistering after 25 days
Coating B fowi s Blistered after 6 days Blistered after 14 days
ARCOR §-30 No Blistering after 25 days |No Blistering after 25 days
Coating D CELRENA Blistered after 11 days No Blistering after 25 days
Coating E Pecmeg Blistered after 7 days Not Tested

Coating F PlinTto o Not Tested Blistered after 11 days




Citations from May 17, 1993. At this point, all the coatings have been effected by the severe accel-
erated testing. ARCOR S-30 is by far the least affected and it has not indicated any signs of corro-
sion in the realistic testing .

1. Referring 1o Thin Coatings A, B, D, E at Large AT (F not lested): "... the blisters on coating A
are very large... Although the blistering on coating B is not as pronounced as on coating A, it is
believed that a large area of coating B may be delaminated. ... the blisters on coating D are small in .
size and cover the majority of the area exposed to the aqueous solution; however, blisters have not
yel formed on the area exposed to the gaseous solution. ... The blisters on coating E are large and
cover most of the area exposed to the agueous solution. ..."

2. Referring to Thin ARCOR §-30 at Large AT: "The blisters on ARCOR 8-30 are small ... in size
and cover a much smaller proportion of the exposed surface than the other coatings. ... In addition,
only the area of ARCOR 8-30 exposed to the aqueous solution has blistered..."

3. Referring to Thin ARCOR S-30 at Large AT: "ARCOR 5-30 has exhibited the best relative
performance. ARCOR 8-30 took a much longer exposure time to blister than the other coatings and
its blistering rate has remained the lowest of all 5 coatings in both water-1o air and water-to water
conditions. In addition, the samples of ARCOR §-30 in both the water-to-air and water-to-water
conditions took much longer than the other coatings to reach highly active corrosion potentials.
Lastly, the TOC from the test solution of ARCOR 8-30 was relatively low."

4. Referring 1o Thick Coatings at Large AT (E not tested): "Thus, after the last evaluations, coating
F had the largest total blistered area followed by B, A, D and (lastly) ARCOR 8-30, respectively.”

5. Referring 1o Thick ARCOR S-30 at Large AT: "ARCOR S-30 scems to be the best relative
performer. This coating took about twice as long as the nearest coating to blister, and its total blis-
tered area and blistering rate, especially in the water-to-air condition are among the lowest for all 5
coatings. For the sample of ARCOR 8-30 in the water-to-air condition. Its potential has leveled off
at less active values ... indicating that substrate corrosion may be inhibited."

6. Referring to the realistic testing Low AT (in general): "Although the data for the 'thin' and 'thick’
coatings exposed to the lower temperature gradients in both the water-to-air and water-to-water
conditions is limited, some information is available which correlates well with the observations for
the 'thin' and 'thick' coatings exposed to the higher temperature gradients.”

7. Referring to Thin Coatings at Low AT (F not tested): *... coating B was the first to blister (on day
41), followed by coatings E (day 62), A (day 84) & D (day 95).For these conditions, ARCOR 5-30
has not shown blisters.

8. Referring 1o Thick Coatings at Low AT (E not tested): "... The only two coatings that have
blistered thus far are coatings F and B."

9. Referring 1o all Coatings (in summary): "Overall, the results for both the 'thin' and 'thick’ coat-
ings at both the low and the high temperature gradients seem to correlate very well at this point. For
the 'thin' coatings at both temperature gradients, ARCOR 8-30 has shown the best relative perfor-
mance ... Likewise, based on the information thus far for the 'thick' coatings at both temperature
gradients, ARCOR S-30 has been the best relative performer ..."



Table 1. Accelerated Testing Onset of Corrosion

Thin Coatings - Large AT Thick Coatings - Large AT

Sample ID Air-to-Water | Water-to-Water | Air-to-Water | Water-to-Water
%‘:'Ea}!?% A onset = 13 days | onset = 10 days | onset = 31 days | onset = ?4 days
%ﬁ@g E onset<7 days | onset<7 days | onset=9days | onset=11days
ARCOR S-30 |onset = 45 days |onset = 2_3 days |onset = 80 days |onset = 51 days
%D&fﬁlg%r? onset = 11 days | onset=9days | onset= 31 days | onset = 24 days
%Eﬂ!g? E onset = <7 days | onset =< 7 days MNot Tested Not Tested
%ﬁﬁn&g i Not Tested Not Tested onset = 24 days | onset =7 days

Table 2. Accelerated Testing Total Blistered Area

Thin Coatings - Large AT Thick Coatings - Large AT
Sample ID Air-to-Water | Water-to-Water | Air-to-Water | Water-to-Water
ggitlng A 3750 mm? 3690 mm? 2670 mm? 1780 mm?
%g?tj{ﬂg? 2700 mm? 2760 mm? 1745 mm? 3285 mm?
ARCOR S-30 740 mm? 510 mm? 90 mm? 1125 mm?
%GEEQ?HD 2035 mm? 1550 mm? 1105 mm? 1160 mm?
%gﬁtin E 2870 mm? 2790 mm? Not Tested Not Tested
Coatlpé:% f Not Tested Not Tested 2450 mm? 3755 mm?

Table 3. Realistic Testing Onset of Corrosion

"F' AT T L

Thin Coatings - Low AT Thick Coatings - Low AT

Sample ID Air-to-Water | Water-to-Water Air-to-Water Water-to-Water
qutmg A onset = 84 days | onset =84 days | PROTECTING PROTECTING
Cﬂs&m% onset = 41 days | onset = 41 days | onset = 91 days | onset = 91 days
ARCOR S5-30 | PROTECTING | PROTECTING PROTECTING PROTECTING ||
%?ftt'-ﬂg D onset = 95 days | onset = 95 days PROTECTING PROTECTING
CQ&EIDEL E onset = 62 days | onset = 62 days Not Tested Not Tested
Coating F Mot Tested Not Tested onset = 76 days | onset = 76 days




