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" A T SUMMARY

The Louisiana Department of Transportation in 1985 reported on a
ten-year study which evaluated the corrosion resistance of 16 different
types of drainage pipes at 11 different field locations in the state.
With new culvert/coating combinations being produced frequently, it is
essential that a short-term accelerated test be developed which will
predict the corrosion resistance of various coatings.

This project chose to use electrochemical techniques to develop
a laboratory test method. The electrical potential of the culvert
was raised above its natural potential, and it was placed in a corrosive
solution containing hydrogen ions, chlorides, and suifate ions. Since
it was found that the galvanized steel culverts contained a variable
amount of zinc/inz, and that some of the coatings can dissolve slightly
into the test solution or can crumble off when the coupon is being
handled, it was decided to use atcmic absorption (AA) to measure the
% zinc remaining on the coupon instead of simply weighing the coupon.
Another technique which proved valuable in evaluating coupons exposed to
the tests was the area method of measuring the % zinc remaining by using
a planimeter. Both methods gave approximately the same results.

The best accelerated test method developed in this study was a high-
pressure oxygen test (500 psi oxygen) at ambient temperature. The coupon
was placed inside a 31685 Baroid cell, and every 24 hours the test
solution was changed. After three days the coupon was removed. The
% zinc remaining on the coupon after testing was found to be the basis
of rating the coating. The coupon must be in electrical contact with
the cell since there is a galvanic effect which occurs.

An alternative method which was developed involved the use of a
potentiostat to maintain a l1-volt potential difference between two test
coupcns in the standard test solution. The method requires that the
% zinc be determined from an area analysis since about 2,000 ml of test
solution are used, and it is difficult to get good AA results when only
a portion of the sample is digested.

Both methods were able to produce results which correlated with
field results.
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© ST INTRODUCTTION

The Louisiana Department of Transportation recognizes that there
is a need for metal pipe to provide drainage in this state. Concrete
can normally serve effectively for the life of a highway provided the
foundation bedding is stable. In many locations in this state the bedding
is not supportive and metal pipe is necessary. The major problem with
metal pipe is that it deteriorates due to the corrosion process. These
culverts are placed in environments containing oxygen and water, which
provide the ingredients by which corrosion can occcur. The presence of
galvanizing (zinc) on the steel provides some cathodic protection, and
various coatings assist in slowing down the corrosion process by providing
resistance to current flow.

In March, 1985, the Louisiana Department of Transportation reported
on a ten-year study which evaluated the corrosion resistance of 16
different types of metal drainage pipes at 1l different representative
field installations in the state.(l)* There are cbviously many more
pipes available for selection than there is manpower or time available to
evaluate them. To assist in the decision making process, the study
included two accelerated laboratory tests: (1) a one-month test in the
Salt~Fog Chamber, and (2) a 1500-hr. test in a Weather-Ometer. Although
the results were somewhat subjective, these results provided some hope
that an accelerated test could be developed.

The purpose of this study was to develop an accelerated test to be
performed under controlled environmental conditions which will be able
to evaluate a mumber of culverts and culvert/coating combinations in a
relatively short period of time. The test should produce results which

will correlate with field results.

*Underlined numbers in parentheses refer to Bibliography.




LITERATURE SURVEY

?ébxrosran is defined as the deterioration of a metal because of a
;@actiﬁn with its environment. The corrosion reaction is normally an
Jectrochemical reaction. For the corrosion reaction to proceed, three
¢ elements are required: an anode, a cathode, and an electrolyte.

corrosion reaction of steel in an acid environment is shown as follows:

Anode: Fe —= Fe'@ =+ 23

+

Cathode: 2H + 2(&) —= H

2

i%e existence of oxygen can accelerate the reaction whether it occurs

in an acid er basic solution. (2)

Acid solution:

0, + 4 + 4O 2 H0

Neutral or basic solution:

0, + 2HQ + 4@ —= 40H

2

A pipe or culvert under a pavement usually has less access to oxygen‘
than the parts under the unpaved shoulder. Thus, cathode and anode sites
form and cause corrosion on the pipe under the pavement edge. (3) This
phenomenon is called an oxygen concentration cell, and it is responsible
for many culvert failures.

The parameters which affect underground pipe corrosion were studied
widely. (3} (4) They can be summarized as follows:

(1) Soil characteristics, including type of soil, moisture content,

pH, degree of aeration, soil resistivity, soil conductivity,
redox potential, salt content, micro-organisms, etc.
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showed an imteresting approach by dividing the state into 2 regions:
Zone 1, which was less aggressive, and Zone 2, which was most aggressive,
In Zone 1, 90% of the culverts had corrosion rates of £ 2 mils/year, (mpy)
while in Zone 2, 90% have corrosion rates of <& 4 mpy. It developed a
technique for estimating the life of culverts based on 190 galvanized
steel and 35 aluminum culverts.

The American Iron and Steel Institute (16} has developed a procedure °
for estimating the service life of corrugated steel culvert pipe. The
design life is taken as the average number of years before perforation
could be expected. The method is divided into 2 ranges, cne above pH 5.8
and one below 5.8. Above pH 5.8, the Institute recommends using a pitting:
rate of 1.3 mpy in ordinary installations and 3.0 mpy in unusually soft
water installation. Below pH 5.8, the California chart is used. It also
estimates the extra years that are derived from coatings. Asphalt coating
and paving is recommended unless the pipe is in a very severe erosion

situation.

A paper by Con. Edison Co. (17) on fundamental parameters in under-
ground pipe corrosion revealed that non-aerated soils are the worst variety
since protective scales cannot form, It pointed out that breaks in the
coating could expose the metal to two types of soil where a 0.5V potential
could exist. The corrosion would be worst for a small anode-large cathode
situation. It presented a formula for predicting culvert life for both

steel and aluminmum:

230AE
AT

585AE
or

Steel mpy =
Alumimm rpy =

where AE is the potential difference, mwv
2 is the soil resistivity, ohm-cm

r is the radius of the uncoated area, inches

It found that potential differences of up to 800 mv can occur from one

Spot on a culvert to another. However, a difference of 0.25V is far more
common. ' This study suggests that it is possible to estimate the corrosion
rate from soil redox potentials, resistivity measurements, and the average

o
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clearly than pipe-to-soil potential measurement. In

“more
'--'scullY and Bundy (25) ran some scan rates using a potentio-

thylene coated pipe. The 40 mil coated pipe showed a very
density which was below the microampere level.

apre advanced method called AC impedance (26) has been developed

s gmall excitation amplitudes in measurement. It can

usble kinetic and mechanistic information about scales of

is makes it an ideal testing method for underground pipe

ys:Ls. padget and Moreland (27) used AC impedance to study
proPertles of coating supplemented by salt spray and outdoor
conmented that AC impedance gave a much clearer quantitative
the. corrosion processes that are occurring.

developing an accelerated test was done by Welch of the Utah
f. -.'i':j:ansportation (11) He found that the salt chamber and the
lyt:Lc cell test did not provide any results that correlated

data. He did develop a Mudpack test which was 8 weeks in

This test used the following procedure:
material was immersed into 2 mudpack containers at 100° & 2°F.

mudwas then saturated with distilled water; and,

pH level of the mud packs were 7.2 and 9.6. The resistivities
150 ohm~cm and 200 chm—cm.

results indicated that there was some deterioration of the
The results listed below describe the deterioration.

Description of Coupon

Flakes of zinc coating and pitting

Became dark after 7 days. Formed uniform
rough oxide coating after 3 weeks, with
no change thereafter.

Showed no corrosion beneath coating. Lost
adherence near the edges where the core metal

had been exposed.
Remained in good condition with slight
adhesion loss near the sample edge.




EXPERIMENTAL RESULTS

on the literature SULVEY of long-term and accelerated testing,
' finite need for a test method which can

that there is a de
' a relatively short period of
ults found in the

i of culvert coatings in
tést method results must correlate with res
ing this criteria, it was decided to use two test methods
celerate the corrosion process by elevating the potential of the
" in a corrosive environment. This was achieved by using the
In both tests, a

and the high pressure oxygen test.
ctual culvert material obtained from

retal
Oétat test,
i_;gast coupon was cut from
m;;_isiana pepartment of Transportation.

‘test solution similar to the standard
' ineers) solution was used in
acid and sodium chloride in di
pesides the hydrogen and chloride
sulfate ions and dissolved

a

NACE (National Association

most of the tests. The

__ jérosion Eng
stilled water.

Jution consists of acetic
rding to various literature sources,
ined in the NACE solution,

s which are conta
the corrosivity of the corrosion

on
7 £actors which increase

xygen are
redia. (21) The initial pH of this standard test solution was 2.7.
As mentioned, two test methods were examined in an attempt to develop

B description of the equipment used, the two
£ interpreting the results follows.

‘an accelerated test method.
test methods, and a method ©

Materials and Equipment Used in Testing
The following materials and equipment were used in the development

of a test method:
1. Six (6) test culverts

a. Galvanized steel {GS)
b. Asbestos-bonded galvanized steel (without asphalt coating) (ABGS)

Asphalt-coated galvanized steel (AGS)

d. Asbestos-bonded asphalt—coated galvanized steel {(ABAGS)

e. Fiber-bonded bituminous-coated galvanized steel (FBBGS)
ckclad) , 10 mils coating (PGS)

£. Polyethylene galvanized steel (Bla




E*3

2. A chhning Electron Microscope was used for microstructure and
elemental analysis.

3. A Perken-Elmer Atomic Absorption Unit was used to measure the
amount of zinc and iron contained in the test solution.

4. An MP4 Polaroid camera was used for taking macro photographs of
coupons at 1X.

5. An EG & G Model 363 Potentiostat/Galvanostat was used to maintain
a potential difference between the two electrodes.

6. Four (4) 316 stainless steel Baroid cells were used for high
pressure oxygen testing.

7. One liter of the standard test solution consists of the following
ingredients: 10g glacial acetic acid, 50g sodium chloride,
20g sodium sulfate, and 954g distilled water.

Potentiostat Test
A metal that is corroding in a given environment has a natural corrosion

potential. If this potential is increased to a higher value, most metals
will corrode at much higher rates. In this experiment, two 2" X 2" coupons
from the same culvert were placed in the previously described solution and
a l~volt potential difference was maintained between them. The Model 363
Potentiostat, which is shown in Figure 4, was able to maintain that
potential difference by automatically varying the current to or from the
coupons.

The general procedure that was developed in this test is listed
belows:

1. Prepare 2 volumes of the standard test solution.

2. Prepare the coupon by drilling a hole approximately %" from
the top of the coupon and approximately centered lengthwise.
The hole should be just large enough to allow a plastic bolt to
pe inserted through the hole.

3. When coated coupons are used, a conducting surface for the
cormections must be made. Remove the coating on one side of
the coupon approximately 1" radius around the hole. Make
certain this area is clean and free from anything that would

~a




10.

11.

12.

13.

Next, for coated coupons, make certain that the edges are clean
and free from coatings:

- Weigh the samples and measure the exact dimensions.

Attach copper wire leads to the coupons by stripping a %"
section of the wire, then bend a loop with the stripped wire.
Insert the plastic bolt through the loop and the hole in the
coupon so that the copper wire makes contact with the conducting

surface. (see step 3)

Pour the solution (prepared in step 1) into the beaker. Place
the beaker onto the ring stand. Cbtain a sample and determine

the pH.

Attach the copper wire to the clamps so that the coupons are
extending downward approximately 3-4". Additionally, approximately
3" of wire (the end without the coupen) should be extended upward.
Strip a 1" section of this part of the wire.

- Lower the clamp until the coupons are completely immersed in

the solution. (Rule-of-tlnmb: cover with at least 1" of solution.)
The coupcns should be spaced roughly 3 inches apart. It is
important that once this distance is set, it be maintained

throughout all tests.

Make sure the potentiostat is turned off. Then connect the

lead to the 1" stripped section (step 8) as follows:

working electrode (green) - cathode
counter electrode (red) - anode
reference electrode (white) - anode

Set the mode switch to the "Control E" setting. Set the

potential difference to -1.00 volts.

Purge the béaker with pure oxygen continuously by running a tube
from the cylinder of compressed oxygen into the beaker. Bubble
oxygen slowly into the solution.

Turn the potentiostat on and press the cell button so that
it reads "ON."
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In é; attempt to produce an even greater diffgrentiation among the
test culverts using the potentiostat, it was decided to attempt to run
the various culvert materials at extreme conditions of environment and
potential. These two test methods and their results are as follows.

1. 5% HCl Acid. In this room temperature test, coupons from each
culvert were connected using a Hastelloy C276 wire, The area
around the connection was covered with bee's wax before placing
the coupon in the one liter 5% HCl solution. The counter electrode:
was a 10 gauge Hastelloy C276 wire, and a standard calomel '
reference electrode was used to maintain the potential of the
coupon 0.5 volts above its natural potential. The coupons were
removed after 24 hours, dried for two hours at 130° F, arnd run
for a second 24-hour period. The results of the tests for
asphalt, asbestos, blackclad, asbestos-asphalt, and fiber-
bituminous are given in Figuré §. In this environment, the
blackclad performed best while the fiber-bituminous performed
worst. It should be noted that the strong acid produced some
obvious deterioration of the bituminous and asphalt coatings.

2. 2-Volt Potential Difference. This test method used a similar
procedure for testing as the one—volt differential method. A

few changes have been made in the procedure which include

(1) a 1.5-liter volume of test solution, and (2) Hastelloy wire
for the anode and cathode comnections. Bee's wax was placed on
the anode and cathode comnections so that there would be zero
potential difference between the two coupons when starting the
process.

The tests were run for a period of three days with the 1.5
liter solution being changed every 24 hours. The test coupon
was removed after the third day and checked for weight loss
after drying for four hours at 130° F. Since the coupcon is only
weighed after the test is completed, there is only one data
point to examine. Table 2 lists the results of the two tests
which were performed on each coated culvert material. The
asbestos-asphalt material showed the smallest loss, while the
asbestos and asphalt materials showed the greatest loss. All
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- ST e Table 2

2-VOLT POTENTIOSTAT T&ST
Total Weight loss, g

Coupon Test 1 Test 2
Asbestos 19.94 : 18.17
Asphalt 21.59 15.88
Fiber-Bituminous 16.87 17.47
Blackclad 14.55 13.27

Asbestos-Asphalt 11.93 .12.1




en Test

st cases the cause of underground corrosion is dissolved
ive fluid, it was decided to increase the concentration

environment by increasing its partial pressure. Pure
sstead of air, which contains only 21% oxygen. Baroid
and having a total volume of 500 ml

16 stainless steel
o pressurized to 500 psi. The object was to see if the

uld be accelerated enough to provide a means of evaluating

of the various coatings. Several tests were run using

cir conditions are summarized below.

DéScriEtion ,
Rocm temperature, solution pH = 2.7, heating and
weighing coupon after each day.

Room temperature, solution pH = 2.7, remove solution
each day, heat and weigh coupon after third day.

Room temperature, solution pH = 5.7, remove solution
each day, heat and weigh coupon after third day.

High temperature (130° F), solution pH = 2.7
heating and weighing coupon after each day.

Evaluation of galvanic effect between the test
“coupon and the 316SS Baroid cell.

were designed to examine the effect that pH and

n the coupons. Test No. 2 examines whether or not the
heated every 24 hours during the testing period. A
each of the tests on the various 2" x 2" culvert coupons

In this room temperature test, the standard test

‘coupons were carefully cut from the samples and weighed.
dard corrosive solution was prepared. The aging cells

lled with 200 ml solution and the coupons were inserted.

':_WaS pressurized to 500 psi with oxygen at room temperature.

4 hours the coupons were removed, heated at 130° F for




murs , then re-weighed. The difference in weight of each
, was recorded at the end of each day. Using the same

: n but a fresh test solution, the procedure was repeated

:'second and third day. The pH of the solution was measured

the end of each day. .

~ yresults of this test are presented in tabular form in
'lé-."j and are shown graphically in Figure 10. These weight
J:'ésults are interesting since they show essentially the same

ag the potentiostat test results presented earlier in
__:5. However, the results are actually somewhat better
ce.-.:this test produces a spread between the asbestos-bonded,

'bitmninous, and asbestos-asphalt coupcns. The asbestos-

t coupon showed the best results as expected from the field

Figure 11 shows the change in the solution pH from the beginning
end of each run. Note that the starting solutions all

H of 2.7 units. The pH difference is dramatic after the

day and much less significant after that. The results
resented in tabulated form in Table 4.

0. 2. A less labor-intensive test procedure than Test

é.s developed in which the coupon is only weighed at the
of the three-day test. In this procedure, every 24 hours

l contents were emptied, and the cell and coupon were

hed with 50 ml of distilled water. The cell was again

with 200 ml of solution and pressurized to 500 psi with

: The coupon was not removed until day three. After removal,
coupon was heated for six hours at 130° F before weighing.
believed that not touching the coupon between 24-hour
periods would greatly reduce coating loss from handling
liminate the effect of heating. Table 5 presents the

ts of several tests which were performed on each of the
types of culverts under examination. The average values
esented graphically in Figure 12. Also listed in Table 5
the corresponding weight losses based on the amount of zinc
on in the solution as determined by atomic absorption (AA).




Since the metal is conposed of zinc and iron, these AA mumbers
should theoretically correspond to the weight loss values. In

the AA analysis, the 250 ml of solution from each test day are
completely digested and then run for zinc and iron using AA.

Plots of the cumulative zinc and iron are presented in Figures

13 and 14, respectively. These data allow a plot to be constructed
of the cumlative weight of zinc and iron for each day. Figure 15
shows a typical weight loss plot which can be constructed

using daily AA data. The average AA results in Table 5 are

within *+ 8% of the weight loss data from weighing.

. Test No, 3. In an attempt to evaluate the effect of P on the

experiments performed in the Baroid cells, a set of tests were
performed using the standard solution but excluding acetic acid.
The resultant test solution had an initial pH of 5.7. The
procedure followed in this test is exactly the same as in Test
No. 2. The test solutions were changed every 24 hours, but

the coupons were left in the cell until the end of the third
day. They were then heated at 130° F for six hours and the
weights recorded. The results for a set of runs of the six
culverts under examination are presented in Table 6. The order
of the culverts is the same as found in Test No. 1. These
results are presented graphically in Figure 16. The AA test
was run on the test solution that was removed each day. The
daily zinc and iron results of this test are shown graphically
in Figures 17 and 18, and the cumlative results are presented
in Table 6 and shown in Figure 19. pH measurements made on

the test solution revealed that the solution became very alkaline
after 24 hours. The results of these pH measurements are
presented in Figure 20. One cbservation of these tests was
that the samples began to precipitate some scale which can
affect an accurate determination of the weight loss.

Test No. 4. In an attenpt to provide a hetter means of discrim-
inating between coatings, it was decided to increase the temp-
erature of the pressurized Baroid cells to 130° F. The three-
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Jday experiments used the same procedure as Test No. 1, with

the Baroid cells being pressurized with oxygen to 500 psi before
being placed inside of an oven. The cumulative weight loss

of the six culverts under examination is given in Table 7,

and a plot of these data is shown in Figure 21.

These results are somewhat different than those obtained at
room temperature. The asphalt-asbestos material was still the best
but the blackclad performed much better, and the asbestos was
mich worse. Figure 22 shows the pH results for this test. As seen
previously, there does appear to be a difference between pH values
after the first day of exposure. On the second and third days

this difference does not exist.

. Test No. 5. Since the test coupons are touching the 31658
Raroid cells, there is a galvanic effect that should be examined.
In this experiment a 2" X 2" coupon was weighed and placed
inside a plastic cup which fit tightly inside the Baroid cell.
The same procedure as Test No. 1 was used. The standard amount
of test solution, 200 ml, was placed ingide the cell. The cell
was then pressurized to 500 psi with oxygen. In this fashion,
it was clear that there was no possible electrical contact
between the coupon and the cell. Figure 23 shows the results of
the no-contact test in which the weight loss of asbestos,
asphalt-asbestos, and fiber-bituminous coupons were determined
each day for a three-day period. The weight losses were very
1ow and the curves tend to overlap with no significant difference
between them.

The same three types of coupons were then tested for three
days, making sure that electrical contact was made with the
Baroid cells. This is the condition under which all previocusly

run experiments were conducted. The 200 ml of solution was
again used and the oxygen pressure was 500 psi. These results
shown again in Figure 23 are higher than the no-contact results
by a factor of four. These tests were conducted during December
break when there was no heat in the Engineering building,

50 these results are not directly comparable to previously




These results are very significant since they show the
izrpoftaﬁsce of how coupons are prepared when placed in the Baroid
cells. Since the objective of this project is to accelerate
the corrosion rate of coupons, it is suggested that the galvanic
corrosion be allowed to cccur. However, this requires that the
cells be carefully cleaned between each run, and that all four
corners of the steel in the coupon must be in electrical contact
with the cell at all times. All previous tests were run with
the coupon in full electrical contact with the steel.

Anodic Undercutting of Coupons
In both the potentiostat and high-pressure oxygen tests, the metal
inside the coating has had its natural potential increased. In the case

of low carbon steel or iron, this procedure greatly accelerates the
corrosion rate of the metal under the coating. It is our contention that
the amount of undercutting which occurs on these coupons should be a
consideration in evaluating the effectiveness of coatings. In both test
methods, the coupons were 2" X 2" and the edges of the coupons were left
exposed to the environment.

The approach taken was to remove the remaining coating from the
exposed coupon after the drying and weighing was completed, and measure
the exposed area. In most cases, the remaining area of the zinc was
highly visible. The coupons were photographed at a power of 1X and the
area measured using a planimeter. The result reported was the % zinc
left on the coupon after exposure. The asbestos and asbestos-asphalt
were the most difficult to measure by this procedure since the attack
was more random on these coupons.

The photographs of the coupons exposed to the l-volt Potentiostat
Test after the coating was removed are shown in Appendix A (page 75).
The percentage of zinc left on the coupons was measured on both sides
for each coupon for the l-volt potential difference tests., The results
of this test are presented in Table 8. The photographs of the 2-volt
test are not shown, but the % zinc remaining on each side is given in
Table 8. The % zinc reported on both the 1 and 2 volt tests was based
on the area of zinc remaining divided by the original surface area

of 8 i.n.z.




The photographs of coupons exposed to the T

No. 2 are shown in Appendix B (page 82). The

exposure, and the zinc remaining was clearly vi.

initial solution pH was equal to 2.7 and the test .

e the attack was less severe than &

temperature. Sinc
the coupon dimensions did not change. The results from .

sides of the coupon are presented in Table 9. The results

same general order as seen in the weight loss data (page 34),

loss data and photographs of these repeated tests show that thera

a high degree of consistency in the High-Pressure Oxygen Test No. 2.
Coupons from the High-Pressure OXygen Test No. 3 wexe examined J_n

the same fashion as described in Test No. 2. The % zinC remaining on |

the coupons has been determined and is given in Table 10. The initial

pH of 5.7 used in this test reduced the general level of zinc removal.

The samples experienced some scaling due to the high pi levels produced

during the test.
Test coupons from the High-Pressure Oxygen Test NoO. 4 conducted at

an elevated temperature of 130° F and initial pH of 2.7 were examined
for the $ zinc remaining. Table 11 shows that in spite of the higher
tenperature, the % zinc remaining is higher than it was at lower
temperatures. This can be clearly seen by comparing the results in
Table 11 with those of Test No. 2 shown in Table 9 (page 54).

Examination of Culvert Metal and Coating
The six culvert materials that were used in this project were all

with zinc on the outside of the

low carbon steel, essentially iron,
steel. Since zinc is a very important component in the corrosion

process, it was decided to determine the zinc content on the various

culverts. 7inc was removed from the 2" X 2" coupons by placing them in
concentrated hydrochloric acid for 24 hours. The entire liquid sample
was digested and run on the Atomic Absorption Unit {(AA). Duplicate
runs were made and in some cases the test was performed three times until
representative results were cbtained. Table 12 shows the final results
and the average values. Most of the samples have very similar zinc
content except for the fiber bituminous,which contained less than half
Blackclad also showed a slightly

~F tha 7inA ~f the other samples.



lower value than the average. Table 12 also contains a factor of grams
zinc/in2 which allows a quick comparison between the various galvanized .
culverts. The majority of the steels contain 0.21 g. zinc/inz.

Another important consideration in this testing was the effect that
various solutions have on the coatings. Literature on asphalt revealed
that it is insoluble in water, alcohol, acid, and alkali solutions;
however, no information could be found specifically on bituminous
coatings. A series of experiments was conducted to check the solubility
of this coating in the various test solutions. The experiment was
conducted in the Baroid cells for three days at room temperature and
300 psi pressure. The results of bituminous coating weight loss in the
two solutions used in the High-Pressure Oxygen Test Are:

Solution Coating Weight Ioss, g
Standard Solution, pH = 2.7 0.012
Standard Solution, pH = 5.7 0.009

These mumbers reveal that the weight loss of the bituminous coating at
the conditions of the Baroid cell tests is low. However, the weight
loss of the fiber bituminous culvert in these solutions was 0.802 g
and 0.104 g, respectively. Therefore, the coating loss at pH of 2.7
is 1.5% while at the pH of 5.7 it is 9% of the total weight loss.
Therefore, these numbers are significant in the High-Pressure Oxygen
Test No. 3.




- = DISCUSSION OF RESULTS

The objective of this project was to develop an accelerated test
to help the Louisiana Highway Department select the best culvert coating
material from among the large group that is available. The primary
criteria was that the test results must correlate with results found
in the field. This study considered the following six culverts provided
by the Iouisiana Department of Transportation: galvanized, asphalt
galvanized, blackclad galvanized, asbestos galvanized, fiber-bituminous
galvanized, and asbestos-asphalt galvanized. IZach of these culvert metals
was checked microscopically and found to be a very fine-grained, low
carbon steel (essentially iron). Elemental analysis using the scanning
electron microscope revealed the existence of only zinc and iron on the
metal. Their zinc content was determined by atomic absorption (AA), and
the results, presented in Table 12 (page 57) show that they averaged
0.21g zinc/in2 except for fiber-bituminous and blackeclad, which averaged
0.086 and 0.19g zinc/inz, respectively.

Since the time for testing had to be relatively short (a matter of
days), it was decided to use test methods which raised the potential
of the culvert metal above its natural potential and expose it to a
corrosive environment. A discussion of two test methods and an interpre-
tation of their results follows.

Potentiostat Test

The Model 363 Potentiostat has the capability of raising and
maintaining the potential of a metal several volts above its natural
potential if necessary. The first test performed using this equipment
involved placing two 2" X 2" test coupons in two liters of the test
solution at ambient temperature and maintaining a l-volt potential dif-
ference between them. The coupons were weighed and dried every 24 hours
for the duration of each run. Figure 5 {page 21) shows that based on
weight loss, this test was able to rewveal the poorest coating, which is
asphalt. However, it had a more difficult time distinguishing between
the better coatings, such as blackclad, asbestos, fiber-hituminous,
and asbestos-asphalt. Measurement of the amount of zinc remaining on
the coupons after testing was performed. The results, presented in




Table 8 fpage 52).," look promising. The galvanized and asphalt coupons
had all of their zinc completely removed during testing and there was
a distinct difference between the other four coatings, with blackclad
losing the most zinc, and asbestos-asphalt losing the least.

In an attempt to better discriminate between coatings, three ad-
ditional potentiostat tests were developed, which produced the following
results.

1. Elevating the temperature to 125° F and using a 1-volt potential

difference produced a significant spread in the coatings (Figure
7, page 23). This method showed the asbestos-asphalt to be the
best material and the asbestos to be the worst. The blackclad
material looked much better at this higher temperature. There
is concern that at the higher temperature there are signs of
deterioration of the organic coating. Also, the zinc is known
to become cathodic to steel as the temperature increases. For
these reasons, the high temperature results are somewhat suspect.

2. Since a rore aggressive environment will cause rapid deterior-
ation of the galvanized steel, it was decided to use a 5%
hydrochioric acid solution at ambient temperature for testing.
The potential of the coupon was elevated 0.5 volts above its
natural potential by means of a reference electrode. The two-
day test (Figure 8, page 23) shows results which are very
different than those seen previcusly. The blackclad material
looks the best while the fiber-bituminous loocks worst. Again
there was considerable damage to the coating with a heavy
sediment forming at the bottom of the test cell. This deterior-
ation of the organic coatings most likely led to these materials
performing so poorly in this corrosive environment.

3. Returning to the original conditions of ambient temperature
and the standard test sclution, it was decided to run the poten—
tiostat at a 2-volt potential difference between coupons.
Table 2 (page 26) indicates the weight loss numbers were very
large, with the asbestos-asphalt and blackclad showing the lowest
waight loss and the asbestos and asphalt showing the greatest
loss. After testing, the coupons were approximately half their




original size. Therefore, the test is extremely hard on all
the coupons, and for this reason it may not be possible to
discriminate between good and poor coatings. Based on the
original coupon area of 4 in2, the % zinc remaining ranged
from 4.5% for asphalt to 44.1% for asbestos-asphalt (Table

8, page 52). It should be noted that this test method caused
damage to the asphalt and bituminous coatings. Some coating
fell off since the coupon size was reduced so dramatically.

i T U s

AR i st

High-Pressure Oxygen Test

Based on the literature survey (21), it is clear that the dissolved
oxygen concentration in the solution has a very significant impact on
increasing the corrosion rate. In addition to this, it was demonstrated
that by having the culvert metal in electrical contact with the 31655
Baroid cells, there is a galvanic couple which occcurs that accelerates
the corrosion rate of the culvert metal by a factor of four above the
non—contact condition. Therefore, when using this testing methed, it
was necessary to make sure that all four edges of the coupon were in
electrical contact with the cell.

A total of four different high-pressure oxygen tests were conducted : ?
on the culvert materials. All of the tests described below were nun

at a total oxygen pressure of 500 psi.

1. Test No. 1. In this test, the coupons were removed from the
cell every 24 hours, dried for two hours at 130° F, weighed, ;y
and placed back into the cell with a fresh solution. The j
results shown in Figure 10 (page 31) are similar to those
seen in the l1-volt potentiostat test (Figure 5, page 21).
However, these results show a better spread of the culvert
materials and allow for a hetter evaluatioh to take place.

The asbestos-asphalt and fiber-bituminous coatings appear to
perform the best while the asphalt is the worst. In the ten-year
field study, the asphalt material was much worse than the
asbestos-asphalt. Therefore, from known field results, this

procedure appears to give good agreement.
The pH of the resultant test solution for each day is shown
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into sold;ion."Th; sum of these two figures is plotted in

Figure 15 {page 39) as the total weight loss by atomic absorption.
Although Figures 13, 14, and 15 are for a specific run, the
values of average weight loss by AA in Table 5 (page 35) are

seen to be within 8% of the weight loss values which were
obtained by weighing the coupon. The order of the coupons from
lowest to highest weight loss exhibited by Figures 13 and 15

are the same as for the actual measured weight loss in Figure 12.

Most of the test coupons listed in Table 5 were photographed
at 1X and examined visually to determine the location of zinc
on the coupon. The photographs, shown in Appendix B (page 82),
were measured for the amount of zinc remaining and these results
are tabulated in Table 9 (page 54). These results generally
agree with the weight loss data except that the asbestos-asphalt
is significantly better than the fiber-bituminous material and
asbestos is significantly better than the blackclad.

The difference between the % zinc removed numbers and the
weight loss numbers, either by weighing or atomic absorption,
can be explained on the basis that the fiber-bituminous and
blackclad materials have less zinc on the coupons than the other
culvert materials. Since zinc is the most significant element
lost in the corrosion process, these coupons lose proportionally
less zinc, as is shown in Figure 13- (page 37). This means that fiber-
bituminous and blackclad look better when comparing total
weight loss data as seen in Figure 12 {page 34).

Test No. 3. The effect that pH has on culverts in the High-
Pressure Oxygen Test has been examined in this test. The same
procedure as Test No. 2 was followed with the exception that

the acetic acid was left out of the standard test solution. This
means that the initial solution pH was 5.7 instead of 2.7.

Figure 16 (page 41) shows the weight loss values for the various
culvert materials. These values are substantially less than the
values in Test No. 1, but the order of coupon weight loss is
essentially the same, except that asbestos-asphalt is slightly
better than fiber-bituminous. The daily atomic absorption




berformed, and the amount of zinc remaining was measured with a
Planimeter. Table 19 (page 55) shows that the average values
of % zinc remaining are significantly higher than those Obtained
in Test No. 2. This method shows the asbestos-asphalt and
fiber-bitiminous to be very close. The asbestos value 1S somewhat
lower than expected, which Probably arises from the difficulty
of measuring the area of zinc remaining on this coupon.

In this test, the PH values at the end of each run were
measured. The resulting values of pH were very alkaline as can
be seen from Figure 20 (page 45). The values were all very
close, and it was not possible to see any correlation in the
data. It was noted that at these high pH values there is
considerable precipitation that occurs. This produces a problem
in trying to make a material balance on the coupons. This one
problem makes the results of this test method suspect.

Test No. 4. As in the case of the potentiostat test, it was
decided to elevate the temperature to see how this parameter
affected the High-Pressure Oxygen Test. The procedure was the
same as Test No. 1, except that the Baroid cells were placed in
an oven. The weight loss from each day was determined and
recorded in Table 7 (page 47). Figqure 21 (page 48) shows a
graph of thig three-day test, which again showed the asbestos-
asphalt to be the best coating and asphalt the worst. The
blackclad showeq great improvement over the ambient temperature
result in Figure 10 (page 31).




The % zinc remaining on the coupons was measured. These
results, listed in Table 11 (page 56), are much higher than

expected. The blackclad, fiber-bituminous, asbestos, and asbestos-

asphalt all show % zinc values of 70% or higher. These results

verify the literature statement that at temperatures above

120° F the zinc will begin to become cathodic to steel. In

these systems, the steel will cathodically protect the zinc. Tt

is for this reason that it is believed that high-temperature tests

are a poor way to evaluate coatings on galvanized steel culverts.
The pH of the test solutions was evaluated and the results

are shown in Figure 22 {page 49). There is a large spread in

the pH after the first day of testing, and in general the coatings

with the lowest weight loss showed the smallest change in pH. The

only discrepency is that the pH of the blackclad was lower than

the asbestos-asphalt.

Comparison of Weighing, AA, and Area Analysis

It is clear that there are several methods available to evaluate
the results of the Potentiostat and High-Pressure Oxygen Tests. The
most common and easiest method is the weight loss, which is excellent
when using a single metal having no coating. However, in a coated
sample, if the coating can crumble during handling or deteriorate
during the test, this will lead to a higher than actual weight loss.

If galvanized steel is being used it is important that each of the

metals have approximately the same amount of zinc/inz, or it will not

be possible to directly compare the various culverts. In this study,

it was stated that most of the metals contained 0.21g zinc/inz, blackclad-
0.19%g and Fib/Bit- 0.086g zinc/inz. These problems mean that using

only weight loss as an indicator could lead to some difficulties in
evaluaticn.

Since a chemical analysis has been performed on the galvanized
steel, and it is known to contain only iron and zinc, it is possible to
use an analytical method such as atamic absorption to measure these
elements and establish the amount of metal loss. In the High-Pressure
Test Nos. 2 and 3, the amount of zinc and iron was determined for each

|



x . CONCLUSIONS

Based on the experimental results obtained in this project, a
number of conclusions can be made. Some conclusions are of a general

nature while others are for a specific test method.

General

1. It appears that the best way to accelerate the corrosion of culvert
coupons 1s to elevate the potential of the metal above its natural

potential and place it in a corrosive environment.

2. It was found that the modified NACE solution, which has an initial
pH of 2.7 and contains chloride and sulfate ions, gives a corrosive
environment which is ideal for evaluating galvanized steel.

3. The high~temperature runs produced results which were significantly
different from those at ambient temperature. There was evidence that
the elevated temperature caused some damage to the asphalt and

bituminous coatings.

4. Tt was also verified in this work that at a temperature of 130° F
zinc starts to become more cathodic to the steel. This tends to
change the mechanism of attack, and thus makes the results of high-
tamperature testing suspect.

5. The method of atomic absorption provides a good technique to
determine the amount of zinc and iron in each test solution. It is
best to run AA on the entire solution rather than to run it on a portion
of the sample.

6. The amount of zinc on each of the culverts was measured to obtain
a baseline value. It was found that all of the culverts contained
about 0.21 g/in2 except blackelad, which contained 0.19 g/inz, and
fiber-bituminous, which contained 0.089 g/inZ.

7. Post~test examination of coupons and measurement of the area of
zinc remaining with a planimeter appears to be a good way to discrim-
inate between good and poor coatings. However, this method is laborious
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and some coupons such as asbestos are attacked at random instead of
only at the edges, which makes the method somewhat subjective.

8. Once a good baseline number for the amount of zinc on the coupon

is known, it is possible to measure the amount of zinc in the test
solution and calculate the ¥ zinc remaining on the coupon. This method
is able to adjust for the fact that not all of the coupons contain the
same amount of zinc initially.

9. The procedure of drying the coupon only after the three-day test
is completed appears to reduce the possibility of coating loss due to
handling. Since the coupons with the thickest coatings usually lose
the least amount of weight, this can be important.

10. In each test, the pH of the various test solutions shows a differ-
entiation after the first day. Unfortunately, in general the results did
not correlate with weight loss or % zinc loss data.

11l. The results of all the test methods that were tried correlated well
with the results of the ten-year field study conducted by the State
of Louisiana Department of Transportation.

12. From an overali view of the project results, it appears that the
best test method to use for evaluating coating on galvanized steel is
the High~Pressure Oxygen Test No. 2.

Potentiostat Test

1. The 5% hydrochloric acid solution was too agressive since it
appeared to attack the coating as well as the coupon. The acid is
also more selective for zinc than for the coupon in general,

2. The l1-volt potential difference test provided some discrimination
between coatings, but had difficulty distinguishing between the better
coatings. It appears that an area analysis on the % zinc remaining can
provide the degree of discrimination needed.

3. The 2-volt potential difference test appears to be too extreme
a test condition. fThe coupon sizes were reduced to half their originail
size during this test, There was considerable sediment at the bottom




of the test celd which indicated that the test damaged the organic
coating. The area analysis method on the % zinc remaining appears to

correlate with the l-volt test results, although the weight loss numbers
did not correlate.

High Pressure-Oxygen Test

1. There is a galvanic couple which occurs when a culvert coupon is
placed inside one of the 316 SS Baroid cells. All four edges of the

coupon must be in electrical contact with the cell in order to obtain
reproducible results.

2. The values of weight loss obtained from zinc and iron measurements

on atomic absorption compared within + 8% of the actual weight loss
values in Test No. 2,

3. The % zinc remaining on the coupons which was calculated from the

atomic absorption values of zine compare very well with the numbers
obtained from area analysis.

. The % weight loss of the bituminous coating alone was found to be

.about 1.5% at a PH of 2.7 and 9% at a pH of 5.7. This is another

_reason to use atomic absorption instead of total weight loss as a
‘Ieasure of corrosion rate.

T




RECOMMENDATIONS

The purpose of this study was to devélop an accelerated test to
evaluate corrosion of culvert/coating combinations in a relatively
short pericd of time. - The study has been completed and the following
two test methods are recommended for use to the Louisiana Department of
Transportation.

1. It is believed that the High-Pressure Oxygen Test No. 2 is the best
accelerated test method developed in this study. The test reduces the
coupon handling problem that occurred in Test No. 1. After each day

the solution is retained and run for total zinc using atomic absorption.
It is recommended that the entire solution be digested so that any
problem in samp}.z.ng will be eliminated. Knowing the zinc baseline

value (g/J.n ) for the culvert, the % zinc remaining on the sample can

be calculated. Appendix C (page 100) gives the recommended AA procedure.

Tt is necessary that the samples be in electrical contact with the
cell, and it is suggested that the tests be run in triplicate. The
baseline zinc determination should also be rm in triplicate, but need
only be done once.

This method does not require that coupon weight loss or % zinc area
analysis be performed. These analyses can be added to the test procedure
if desired. However, it is believed that comparing the % zinc remaining
on the coupon is sufficient.

2. An alternative method which appears to give good results is the
1-volt Potentiostat Test. This method will easily distinguish between
the good and poor coatings. If a $ zinc remaining area analysis is
performed on the coupon after testing is camplete, the results will
additionally allow discrimination between the good coatings. The
large volume of solution used in this test will prevent an accurate
zinc determination from being made, since only a portion of the sample
can be digested.
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