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NOTICE

This report was prepared to document work sponsored by the
United States Government. MNeither the United States nor its
agents the United States Departmert of Energy, che United
Statas National Aeronautics and Space Adminiscratiom, nor any
faderzl emplovees, nor any of their contractors, subcontractcrs
or thair employees, maks any warranty, express or implied, or
assuxze any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus,
product or process disclosed, or represent that its use would
not infringe privately owned rights.




TECHNICA

—
RAEPORT wO,

DOE 'NASA CR-150513

2. GOVERNMENT ACCESSION NO,

d
RESQRT STANDAREL T TLE 2A5
3, RECIPIENT'S CATALOG NC.

4, TITLE AND SUBTITLE
Inhibitor Analysis for a Solar Heating and Cooling System

S5 AEPORT DOATE
Jupe {, 1977

5. PERFORMING ORGANIZATION ZUCE

7. AUTHOR(S)

John H. Tabony

3 PERFORMING ORGANIZATION FERNR " =

9. PERFORMING ORGANIZATION NAME AND ACDRESS
Department of Mechanical Engineering
Southern University
Baton Rouge. LA 70813

1. WORK UNIT NO, i

11, CONTRACT OR GRANT NO,
NSG S025

12. SPONSCRING AGENCY NAME AND ADORESS

| National Aeronautics and Space Administration
Washington, D. C. 20546

(8]

13, TYPE OF REPOR: & PZAIQU JOVERE

i
|
Contractor Report l

Jan 1976-April 1977
14, SPONSORING AGENCY CODE

1S, SUPPLEMENTARY NOTES

This work was accomplished under the technical supervision of J, G. Williamson,

18, ABSTRACT

This report is a study of notential corrosion inhibitors for the NASA solar heating and
cooling system which uses aluminum solar panels. The work is a continuation of the work
performed in Supplement 1 of the NASA Grant 3025. This second phase of the research under
this grant consisted of continued testing using the dynamic corrosion system developed in
phase one, along with an economic analysis of the corrosion inhibitors tested in phases one
and two. Very good progress was made in finding a suitable inhibitor for the system.

|
i
Materials and Processes Lab, Marshall Space Flight Center, Alabama. J
|
1

17. XEY WORDS

18. OISTRIBUT'ZN STATEMENT
Unclassified-Unlimited

M&%

illiam A, Brooksbank, Jr.

Solar Heating & Cooling Project Office

Manager
19, SECURITY CLASSIF, (of this repart) 20. SECURITY CLASSIF, (of this page)
Unclassified Unclassified

21. NO. OF PAGES | 22. PRICE

24 NTIS

M8FC - Form 3292 (M\y 1969)

For sale by National Tech Information Services, Springfield, VA 22151




ACKNOWLEDGEMENT

The author is indebted to Professor Ira Graham, electronic
technician George Fairbanks, student assistants Shahrokh Ansari,
Bobby Cooper, and Joseph Nelson for their help in this research
project.

Appreciation is also extended to Marion I. Kent and J. G.

Williamson at George C. Marshall Space Flight Center, Dean M. q.

Burrell (Dean of the College of Engineering) and Dr. S. Chehl
(Mechanical Engineeriing Department Head) for their advice,

assistance, and encouragement in this work.

ii

I 0 T



ACKNOWLEDGEMENT . o ¢« « « o o o o o o ¢ s o s ¢ s o 0 o o »

TABLE OF CCNTENTS . . . . . . & TR R e e .
ABSTRACT. . ¢ ¢ ¢ ¢ ¢ ¢ ¢ o ¢ ¢ ¢ 0 0 0 ¢ 0 0 o o . e oe e
CHAPTER

I. INTRCDUCTION . . . . . . Fde e &0y % ala b

II.

III.

Iv.

VII.

TAHLE CF CONTENTS

1.1 0enaral Information. + « o s s & & ¢ 6 & & v #
1.2 Objective and Scope. . . « « + + ¢ « « ¢ &+ + &

THm RY . s = - - L T . . - - . . . & = .

2.1 Basic Corrosion TOOORY o 5 5 %0 % 6.6 % 4 4 0

2.2 Potential Corrosion Hochaniana in a
S0lar SYStam . ¢ » ¢ s 2 4 2 ¢ 2 2 ¥ s s

CORROSION TEST SYSTEM AND OFERATION. . . . . .
J.1Test Apparatus . . . + o« ¢ o o o o & ¢ o o

32 700 DBlaliol. s 5 s ov vt a5 e
3.3 T8t Procsdirs + = &b s ' » 5 % > v 55 ¥

usmtrs . & » . . . . @ = ® # & ® o & & a @ - . - -

Bl Bhort Porm TORER & o s o o 5 62 0 876 & 4
L.2Long TermTests. . . . « « « + & P

L.3 Bconomic Analysis of the Tested Inhibitors .

CONCLUSIONB:. » - ¢« ¢« o s s 06 0 4 o & K R
FUTURE STUDY AREAS DURING THE THIRD YEAR

0? Tmm e @& & o & & & & & & = « ® & & & & * @

Apmnu - - - - - - . - - - . . - - - - - - -
T-1Equipment List . . . « ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ & &
7.2 Test System Schematic. . . . . . . . . . .

iii

n S N ol ol o

[= S M e s

11
11
12

16

17

18
19
21



I. INTRODUCTION

1.1 Qeneral Informstion

A solar heating and cooling system basically utilizes a
solar energy collector, a large reservoir or water tank for thermal
energy storage, heat exchaiygsrs Ior space heating and water heating,
and normally an absorption cycle air conditioner for space cooling.

The water in the system is subject to temperatures in the
approximate range of 2000F (93°C). In addition, the metallic con=
struction materials are composed of both aluminum and steel with
possibly small amounts of copper. The different materials, the
hizh operating temperatures, and naturslly the desire for long,
maintenance-{ree operation necessitate analyzing the system for
possible corrosion problems. One way to minimize corrosion pro-
blems is to add an inhibitor to the water.

An inhibitor is simply a substance which when added in a nor-
mally small amount to a corrosive solution reduces or gliminates
corrosion problems in a system.

A study was begun in this area and is continuing with very good
results under National Aeronautics and Space Administration

Cantract No. NSG-8025. The results presented in this report are
through April 1977. The grant has been refunded and the studies

will be compleind by April 1578.

i O_blect.iw and Scope

The objective of tais research proposal is to continue the present

studies in inhibitor analysis for a solar system. The continuing work
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to be done will be:

1.

2.

Rather than running a 7-day test on each inhibitor, run an
extended test. That is, based upon the results of the initial
7-day tests, select the best inhibitors and run extensive
tests (possibly as long as 6 months).

Test other inhibitors which may possibly work. These may be
inhibitors we develop, some possibly suggested by NASA, or
other commercial grades we think warrant testing.

Perform an economic evaluation of the cost of the tested
inhibitors.



II. THEORY

2.1 Basic Corrosion ‘l.'hooq

Corrosion is defined as "the degradation of a material with
resultant reduction in usefulness as far as application is concerned,
because of inadvertent mechanical, chemical, or electro-chemical
action or a combination of these."

There are eight basic forms of corrosion. They are galvanic
corrosion, crevice corrosion, erosion corrosion, stress corrosion,
uniform corrosion, intergranu ar corrosion, pitting corrosion, and
selective leaching.

Gal venic corrosion is a form of corrosion based on electro-
chemical actions. It occurs when dissimilar matals or alloys are
in contact with one another. Such galvanic couples create a dif-
ference of potential between the different areas of the structurs,
The greater the difference in potentials, the more severe the
corrosion.

Crevice corrosion is intense localized corrosion caused by a
shielded stagnant condition. This form of corrosion may occur if
oxygen is available at soms lccations on the metal and is absent
or used up in other localities. Crevices, joints, dead spots, or
the bottoms of corrosion pits are perticularly sysceptible to this
form of attack becausae,even if air is present and the electrolyte
is stirred, oxygen can only reach such places by slow diffusion.
In a crevice or othsr region of imperfect mixing, where there is
an insufficient supply of air, only the anodic reaction takes place
and the metal corrodes. Away from the crevice, where air is more

ORIGINAL PAGE IS
OF POOR QUALITY



readily available; anodic and cathodic reactions take place and a
film is formed.

Erosion corrosion is an accelerated rate of deter.oration or
attack of a metal because of relative movement between a corrosive
medium and a metal surface. Brosion corrosion usually occurs in
a pipe carrying a corrosive fluid at a very high Reynolds Number
(turbulent flow)., It can also occur in pipes which carry corrosive
fluids at laminar flow speeds, but have sharp bends. The bends will
cause turbulent conditions thus increasing the chance of erosion
corrosion.

Stress corrosion is the acceleration of corrosion caused by the
presence of an internal or external stress and a corrosive medium.
This type of corrosion is found a great deal in cold-worked material
where the distortion at ths slip planes produced Ly ths cold working
causes accelerated precipitation and therefors a depleticn of the
solid solution of the alloy. When it occurs, normally the stress
is below the yield strength.

Intergranular corrosion occurs in alloys where there is a
potential difference between the grain boundary and the center of
the grain. It is characterized by a localized attack between the
grain boundaries with little corrosion damage to hhe grainsthem-
selves. It is commonly found in austenitic stainless steels
( sensitization).

Pitting corrosion occurs when heterogeneties are present in
the metal. Because of the difference in potential between the
diffsrent points on the surface of the alloy, some of them corrode

faster thus protecting the remainin; areas and giving the surface
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a pitted appearance. It also occurs in metals protactea by oxide
film when a break or scratch occurs in the {ilm causing a large
cathode and 2 small anode affect.

Uriform corrosion is the most common type of corrosion. It
takes place when the metal is completely homogeneous. The surface
of the metal is evenly corroded and continues to dissolve, layer
by layer.

Selective leaching is the selective removal of one element
from a solid alloy by a corrosion process. Some forms of selective
leaching are dezincification, the removal of zinc from brasses, and
denickelfication, the removal of nickel frow stainless steels or

other nickel alloys.

Potential Corrcsion Mechanisms in a Solar S;lt.cn

Cf the eight forms of corrosion, there are three that
will lead to corrosion problems in a solar heating and cooling

system. They are uniform corrosion, galvanic corroeion because

of the. coupling of diseimilar metals, and pitting or crevice corrosion

because the copper may dissolve in the solution and set up local-

ized corrosion cells (anodes) on the aluminum panels. Erosion

corrosion has not been a problem due to the low flow rates in the

solar systen.



III. CORROSION TEST SYSTEM AND OPERATION

Corrosion test results are onl; a2 accurate as the test systam
and procedures used to simulate the actual system. To produce
useable results, the test system must duplicate as closely as possible
the operation of the actual system. Further, the test procedure must
be identical from test to test so that reproduceable results can be
obtained. It is the author's opinion that the test system used and
procedure followed do closely approximate an actual solar heatiig

and cooling system.

3.1 Test Apparatus

In the test simulation of a solar heating and cooling system,
a cartridge hercer enclosed by an aluminum test coupon is used to
simulate the solar panels. The aluminum tubing is 1100 series which
is the same type used in the NASA panels. The cartridge heater
which fit snugly in the tube provided the heat to the aluminum
similar to the way the sun heats the «ctual solar panels. The cart-
ridze heater and aluminum tube tiot coupon are then seated in a glass
Jacket. This glass jacket with inlet and exit spouts is mounted at
a slight angle with the outlet spout on the high side. In the test
system, the cartridge heater heats the aluminum which in turns heats
the fluid. This is the same type phenomenon which occurs in an actual
solar system. The sun's radiant energy heats the panels which in turn
heat the fluid.

The storage basin is a L4 liter beaker which provides the fluid
storage reservoir. The storage basin metal in the actual solar systaem

is represented by a small piece of mild steel test coupon. The steel

ORIGINAL PAGE I‘-
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to aluminum area ratio is approximately 1:10. The galvanic couplin:
of the aluminum sola: panels to the mild steel storage reserv ir that
exists in a: actual solar system is accomplished by a copper wire
attached to both the aluminum test coupon as well as the steel test
coupon. Using a copper wire also simulates possible use of copper
Joints in the plumbing of an actual solar system.

The flow in the system is accomplished by a metaless (there are
no metal pump components) pump. The flow rate is 50 ml per minute.
The pump bezins flowing at the same time as the cartridge heater begins
heating. They both run for 9 hours per day which is the approximate
time that sun energy heats the panels .n an actual solar system. The
reservoir which contains 3} liters of test solution (test solution is
covered in section 3.2) is maintained at temperature when the cart-
ridge heater isn't heating by a calibrated hot plate. Power to both
the hot plate and to the cartridge heaters is provided through variacs.
This allows closer temperature control. The base temperature in the
storage basin is always maintained at a minimum 1809F (87°C) and once
the cartridge heater is turned on, the temperature incrsases to 200°F
(939C) steady state for day time operation. The entire system is
closed as is the case in an actual solar system. The system is on an
electrical timer and the wariac power is turned off and on by relays.
A list of major components and a system schematic are included in the
appendix.

Test Solution

Water composition varies from location to location. Because of
this and in the interest of reproduceability, a synthetic water is

used for testing. The water is made in the lab under close tolerances



o that the chemical composition will rnot vary from test to test.

The symthetic water is made by adding the following to distilled water.

300 mg/1 CaCl, AL
100 mg/1 Mgso),
25 mg/l NaCl
100 mg/1 Nazsﬂh
75 mg/1 NaH003
To this synthetic water the correct proportions of various inhibitors

ware added.

3.3 Test Procedurs

Care was taxen so that all tests were conducted as nea..y identical
as possible. The procedure is as follows:
«+ Sample preparation
a. The aluminum ana steel test coupons are sanded with 120
4rit emory paper. They are than washed and air dried.
b. The area of the aluminum and steel test coupons were come
puted to the nearest 0,001 square inch.
¢. The aluminum and steel test coupons are degreased with
acetone.
d. The aluminum and steel test coupons are each weighed to an
accuracy of 0.01 mg.
6. The coupons are placed in a dessicator until the test is
to begin.
2. Test solution preparation
a. The chemicals used to add to the distilled water were
weighed to an accuracy of 0,01 mg.

ORIGINAL PAGE IS
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10.

11.

b. The chemicals were then added to the three liters ol
distilled water,.

¢. The correct amount of inhibitor was measured and added to
the synthetic water,

Set up all a'paratus and test samples as shown in the schematic

of the system in the appendix.

The test solution is added to the storage basin. The special

top is then sealed on the beaker.

All connections are sealed to close the system.

The electricity to the system is turned on. The test is

monitored, but the entire test is controlled through timers,

relays, and variacs.

The test is continued for the desired test time.

The aluminum and steel test coupons are removed from the

system and cleaned. Cleaning is performed with mild soap

and a tocthbrush. They are then drised and placed in the

dessicator.

The following day the test coupons are again cleaned by the

same method outlined in numbar 8.

The test coupons are again weighed in order to be able to

compute the weight lost by the coupons during the tast.

The corrosion rate is then computed with the following

equation,

534 x W
DxAxT
where W = Weight loss in mg

A = Exposed area in square inches

D = Density in grams per cubic centimeter
T = Test time in hours

Corrosion Rate =

By using this equation, the corrosion rate is computed in
mils per year.
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13.

The entire system is cleaned and flushed with distilled water,

then allowed to dry.
The pump is flushed wiih distilled water and the {lowrate

checked so that it is still operating at SO ml per minuta.
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IV. RESULTS

L.l Short Term Tasting

All inhibitors noted in the inhibitor survey conducted in the
first final report on the research were tested. All short term tast-
ing consisted ol 7T-day tests. The best 7-day test results were
obtained rrom Hercules' CR 408 (Southern Test No. 10), Pro=Chem's 7131
(Southern Test No. 22), a special innibitor developed by Genaral
Motors (Soutliarn Test No. 29), and sodium chromate (Southern Test
No. 28). The best overall performance was achieved by using 1000 ppm
of sodium chromate. In 7-day testing, there was zero corrosion noted
on the aluminum and only a 0.65 mpy corrosion rate noted on the staeel.

All short term test results and long term test results are

shown in Table 1.

Lon" Term Tests

Five 60-day tests were conducted. The inhibitors tested wera:
(1) a control with no inhibitor ( Southern Taest No. 26), (2) Hercules'
CR LO8 ( Southern Test Na. 25), (3) Sodium Chromate (Southern Test
No. 30), (L) Hercules' CR LO8 (Southern Tast No. 32), and (5) The
inhibitor developed by General Motors ( Southern Test No. 33).

Longer testing resulted in a pitting or cravice type of attack.
This savere attack did not occur in the shoru teicu testing due to
the short test duration. It occurrad in all inhibitors tested except
the sodium chromate. It is anticipated that the pitting cr crevice
attack can be reduced by varying the concentrations of the inhibitors.
Howsver, testing to date indicates that the sodium chromate is the

best inhibitor tested. There was no crevice or pitting attack and
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the overall corrosion rate was 0.12 mpy for the aluminum and 1.77 mpy
for the steel. Long term tast results are included in Table 1.

Economic Analysis of the Tasted Inhibitors

An economic analysis of the tested inhibitors was performed. The
data includes each inhibitor's unit cost, concentration tested, amount
required for a 5000 gallon sy.tem,and the cost for inhibiting a
5000 zallon system., Data was supplied by the companies and are

supposed to reflect the retail cost. All data is compiled in Table 2.
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V. CONCLUSICNS

The following list of conclusions are in the author's opinion

the significant findings to date.

ll

There appear to be commercially available inhibitors that can
adequately protect a solar heating and cooling system {rom
corrosive attack.

The test system designed to simulate a solar heating and
cooling system works very well and very closely approximates
an actual solar system.

Without using an inhibitor, the corrosion rate was found ‘%o
be approximately 6.3 mils per year for aluminum and 22.7 mils
per year for steel.

The best inhibitor found in the short term testing (7-day
tests) was sodium chromate. There was zero corrosion notnd
on the aluminum and only a J.85 mpy corrosion rate noted

on the steel.

Lonz term testing ( 60-day tests) resulted in a pitting or
crevice type of attack. This severe attack did not occur

in the short term testing due to the short test duration.

It occurred in all long term tests with the exception of

the sodium chromate.

The best inhibitor found in the long term testing (&0-day
tasts) was sodium chromate. There was no =2revice or pite
ting attack and the overall corrosion rates was 0.12 mpy for

aluminum and 1.77 mpy for steel.
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VI. FUTURE STUDY AREAS DURING THE THIRD YEAR OF TESTING

The following areas will be studied during the third supplement
of HASA zrant N5G-8025.

1. Continue and expand the long term testing.

2. Resurvey the inhibitor manufacturers to see i{ any new

inhibitors have been developed since the original survey
in 1975.

3. Test any new inhibitors found in the new survey.
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7.1 Bquipment List (Equipment numbers correspond to numbers on test
system schemtic,)

Item Source
- g
rch Nettering Pump March Mfg. Co.
Metal-less construction 1819 Pickwide Ave.
Model 210-5 Glenview, Ill. 60025
2 Cart.ric_lﬁo Heatar
inch length Fast Heat Mrfg. Co.
120 volts - 600 vatts 3333 North Knox Ave.
Type A leads Chicago, Ill. 6064l

Stainless Steel Shaft

3. Glass Jacket
Lab Glass, Inc.

Liebig Condenser Jacket North West Blwd.
250mm length Vineland, NJ 08360
L. Nut and Washer
LE-18003-A Lab Glass, Inc.
5. Heat Transfer Tube
Seamless Aluminum Tubing Alcoa

(1100 Series)
.500 inch OD 2 .005
.380 inch ID £ .003 - .000

6. Basin
L Titer glass beaker Lab Glass,Inc.

e
exiglass top to fit inside
beaker and rest on stop made of
hardened silicon sealant

ID of beaker - .2 inch

8. Test Tube Lab Glasa, Inc.

9. Thermometer Lab Glass, Inc.

10. Electrical Switch

11. Variac To Cartridge Heater Lab Glass, Inc.
12, Copper Wiring

:
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Hot Plate

Lab Glass, Inc.
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