
ELECTROLYTIC COATINGS FOR 

MAGNESIUM ALLOYS 

By 

DUAl\lE WOOD PUGH 
I,' 

Bachelor of Science 

Oklahoma Agricultural and Mechani.oal College 

St,:Ulwate:r, Okle..ho:rn.a. 

1.952 

Submitted to ·the faculty of the Graduate School of 
the Oklahoma Agricultural a.nd Meeha.n.ical College 

in partial fulfillment o:f' the requ.i.rements 
.for the degree of 
JVJi\.STER OF SCIENCE 

MayJ> 1955 

i 



ELECTROLY'l'IC 00.ATHTGS FOR 

MAGN&1Siul/I ALLOYS 

Thesis Approvedg 

-------

349769 
ii 



PREFACE 

o:rii ma::zy- fatrl:!oz"s mu@h as its stab:Uity under. sali.ne oonditions.o bonding 

propm~ty ev·aluations 11 prior to the seleC1ti.on of any o:ne 01.>ating prooesso 

Th!QI au:thol'f w-lshes to express his app:~'"ec:i.ation to Dro Charles Lo 

Nickolls fer his counsel (;.!n. this project and to othe:r members of' the 

Chemical Engineal"ing Depaz·t:m.ent fo1• the:!..r en@ouragememt and interest. 

hom.~ I:nstH;u.te of Tet~hnology j) and in parti,r:r.1le.r the EleiJt:rical 

Engineering Department for use of spe~ial electri©al gearo 

Th~ author is ea1pe~ially grateful to the Dow Chemical Company for 

th.air sponsorship cf t.he Oklahc:ma A & M Dow Chemical Compa.:rcy- Gr:ad1:!.ate 

able to do graduate work tha.t would :n:ot have o",;.he:rwise bee.n pot~sible,, 

Fra.nkf"o:rrd Arsenal for his assistance in. supplyin.g det;ai.l!S of the HAE 

Ooat.ingo M@ssr!.'l,, Ho Ho McClu:r.e and a .. F .. S<ihrieber of' ·t.h.e Daw Chemii;:,~l 
; 

Co:mpa:ny h.av® been espe@ially h@lpf'ul in arranging for the supply of 

material and th~ ou.t~oox" we~thering o.f one set of' panels., 

Lastly.I' the a:utho:r 11:l indebted 'to his loving wif'e Mar.t.ha.1> for with-

out her .thoughtfulwi.ssj) this 1m\:;Jrk 6ould not have been completed,, 

-iii 



Chapter 

Io 

II. 

III .. 

TABLE OF CONTENTS 

Page 

INTRODUCTION ... " .. .. • " 0 • 1 

PROCEDURE .. . 0 0 QI 0 • 0 .. 4 

Cleaning of Test Panels. o ••• o .. • 4 
Application of the Dow #12 (Caustic Anodize) o 5 
Coating 
Application of the Dow #14 a.o. Anodic Coating 6 
Application of the Dow #17 Anodize for o • o 6 
Magnesium. 
Application of the BAE Coating for Magnesiwn o 7 
Evaluation of the Coatin.gs • ., ., • o o o 8 
Evaluation of Sulfuric Acid for Coating .. ., • 10 
Properties. 
Review of A Magnesium Anodize Suggested by,. o 10 
the Bureau o.f Standards 

RESULTS 0 0 0 0 0 11 

The Dow #12 Caustic Anodize 0 " ·O " 0 • ll 
The Dow #14 Anodize 0 0 0 0 0 • 0 0 0 13 
The Dow #17 Anodize 0 0 0 0 0 • 0 • • 13 
The W Coating 0 0 0 .. 0 • 0 0 0 16 
Sulfuric Acid as an Electrolyte for Anodizing .. 18 
Magnesium 

BIBLIOGRAPHY 0 0 0 0 0 0 • 0 • 0 • 0 0 0 0 .. 19 

APPENDIX 0 0 0 0 0 0 .. 0 • 21 

iv 



LIST OF TABLES 

Table Page 

1 .. The Development of Anodic Coatings for Magnesium • • • 0 • 3 

2 .. Composition of the HAE Bath for Magnesium • 0 • ·o • • o • 22 

3., Composition of the Dow #12 Caustic Anodize Bath • • .. .. • • 22 

4. Composition of the Neutralizing Bath • • • • • . • • • • . 22 

5. Composition of the Dow =l/=14 Anodizs Bath • . .. . .. .. • .. . . 23 

6. Composition of the Dow #17 Anodize Bath .. .. • .. • " • • • • 23 

7., Record of Treatments Dow #12 Anodize Process • • .. 0 .. .. . 29 

8., Record of Treatments Dow =f/:14 Anodize Process . • 0 .. • • • 30 

9 .. Record of Treatments Dow /17 Anodize Process .. .. • 0 • • • 31 

10. Record of Treatments HA.E Coating for Magnesium • .. • 0 • . 32 

11 .. Panels Treated by the Dow #12 Proeess for Weatheri:ng • .. • 33 
on the Gulf Coast of Texas. 

12. Panels Treated by the Dow #14 Process for Weathering • • " 34 
on the Gulf Coast of Texas 

13. Panels Treated by the Dow #17 Process for Weathering 0 • • 35 
on the Gulf Coast of Texas 

14. P'anels 'Treated by the HAE Process for Weathering on •••• 36 
the Gulf Coast of Texas 

15. Results of Weathering Dow #12 Coating 200 Hotll"'s in • 0 •• 37 
Salt Fog 

16. Results of Weathering Dow #14 Coating 200 Hours in ..... • 38 
Salt 1'"'og 

17. Results of Weathering Dow #17 Coating 200 Hoi.µ-s in • & •• 39 
Sal1! Fog 

18. Results of Weathering HAE Coating 200 Hours in Salt Fog • ., 40 

19. Voltage Rise During a HAE Treatment Cycle •• 0, ... • 0 0 0 42 

20. Voltage Rise During a Dow #17 Treatment Cycle. o .. " . •• 44 

V 



LIST OF ILLUSTP..ATIONS 

Figure 

1. 

2o 

3. 

4. 

60 

6. 

7. 

80 

The Effect of Salt Fog on the Dow =f/=12 Coated Panels. • 
The Effect of Salt Fog on the Dow #=14 Coated Panels • • 
The Effect of Salt Fog on the Dow #17 Coated Panels• • 

The Effect of Salt Fog on the HA.E Coated Panels • • • • 
Method of Identi:f'ying Panels • • • • • • • • • • • • • 

Diagra:ma.tio View of Process Arrangement • • • • • • • • 

Flow Chart for Dow 4/:12 Process • • • • • • • • • 0 • • 

Flow Chart for Dow #14 Anodize for Magnesium. 

Flow Chart for Dow #17 Anodize for Magnesium 

••••• 

0 • • • • 

Flow Chart for the HAE Coating Process • • • • • • • • 

Page 

• 0 12 

• • 14 

• • 15 

• o 17 

• • 21 

• • 24 

• • 25 

• • 26 

• • 27 

•• 28 

llo Current Density as a Function of Ammeter Readings •• • •• 41 
.and. Number of Pane ls 

12. Voltage Rise During a HAE Treatment Cycle• ••••••• • 43 

13. Voltage Rise During a Dow i/=17 Anodize Treatment Cycle • •• 45 

14. Appearance of Coated Panels After 200 Hours in Salt Fog•• 46 

vi 



INTRODUCTION 

The development of satisfactory protective coatings for use 

on magnesium alloys has come about as a result of the modern need 

f·or light structural materials., Magnesium alone displays good 

corrosion resistance it however pure :rna~;nesium has poor structural 

properties. Aluminum is one of' the principle alloying agents for 

magnesium .. The addition of this element greatly increases the new 

made alloy's susceptabili·by to corrosive attack~ :Manganese is 

generally added to the alloy in proportion to the aluminum present 

since it has a property which tends to reduce the deleterious effect 

of the aluminumo Thus far, no one has determined a ratio of manganese 

to aluminum that will completely compensate for the aluminum's 

tendency to accelerate corrosion .. Other elements such as iron also 

greatly accelerate the corrosion if present in excess of established 

critical maximum values~ Consequently» the usefulness of magnesium. 

alloys is in some cases limited by the quality of their protective 

coatings. 

Through the years there has been in excess of one hundred dif­

ferent methods proposed for surface protecting magnesium alloys. 

The greater number of these methods has been purely chemical in 

nature. Since the first electrochernical method was suggested in 

1926., this method has come to be regarded as superior to other methods,. 

The reason for this is due to the outstanding qualities of many of 

the new protective coatings made possible by the electrochemical 

methods .. 

l 
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The objective of this work is to make an evaluation of four of 

the newer electrochemical methods for producing coatings on magnesium. 

alloys. In particular this work is aimed at determining over what 

latitude the inventor's reconnnended current density and time require­

ments may be varied and still maintain a serviceable protective film. 

The protective coatings studied are the Dow #12 Caustic Anodize for 

magnesium, the Dow #14 a.c. Anodic Coating for magnesium. the Dow 

://=1'7 Anodize for magnesium, and the HA.E Coating for magnesium. In 

addition a chilled 15% by weight solution of sulfuric acid is inves­

tigated for possible film forming properties. A method of coating 

magnesium proposed by the National Bureau of Standards Journal of 

Research is brd.efly reviewed. 

The results of this work may be of particular interest to the 

industrial firms making use of these treating processes. It is 

the belief of the writer that from the results of this work it may 

now be possible to determine optimum operating conditions for those 

cases where it is now of questionable economic fea~ibility to follow 

exactly the recormnended treating oyoleso. The work is of academic 

interest £or the effects of current density on coating quality. 



TABLE 1 
·. 

THE DEVELOPMENT OF ANODIC COATINGS 
FOR MAGNESIUM ALLOYS 

Process Name or Principle 
Electrolyte Reagents 

Date Appearing in Likely Film 
the Literature Components 

Hydrogen Fluoride 

National Bureau of Standards 

Sodium Hydroxide (5%) 

Ma.nodyz Process 

Sodium Carbona:ce 

Daw Chemical 1/=12 Process 

Dow Chemical #14 Prooesi 

HAE Prooess 

Ammoni Ulil sulfate, sodium 
dichro:mate and ammonium 
hydroxide 

Lithitml Hydroxide and 
Diethylene Glycol 

Dow Chemical #17 Anodize 

1926 

1936 

1946 

1947 

1948 

Prior to 

Prior to 

1951 

1952 

1952 

1953 

1952 

1952 

Fluoride, oxy-fluoride 

Oxide, phosphate, and 
chromate 

Oxide, hydroxide 

Oxide, silicate 

Carbonate 

Oxide, hydro.xide 

Oxide; silioate, and 
borate 

Oxide, :ma.nganate, and 
hydroxide 

Oxide, sulfate, and 
chromate. 

Oxide, hydroxide 

Fluoride, chromate 



PRO OED DRE 

Cleaning of Test Panels: 

Test panels of magnesium. alloy FS-1 were furnished by the 

Dow Chemical Company. These panels were out into sections 2 3/4 

by 4 inches from 20 gage sheets of the alloy. The sheets had 

been given a mill dichromate treatment and a coat of heavy oil 

had been applied to reduce any tendency to corrode while the sheets 

were in storage. It was neoessary to clean the panels do11!lll to the 

bare metal before the. coatings to be evaluated could be applied. 

The following cleaning scheme was used. This scheme is a combina­

tion of several suggestions from the literature 0
12 

The panels were submitted to-an alkaline electrolytic cleaning 

step. This was accomplished by making the panels the oathode in 

a bath composed of 3 ounces of sodium earbonate, 2 ounces of sodium 

hydroxide and 1/2 ounee of detergent per gallon of solution. A 

direct current under a potential of 12 volts was impressed on the 

pa.nels. The current density was maintained. at appro::rlmately 20 

amperes per square foot by inserting a slide resistor in series with 

the panels. The temperature of the bath was :maintained in the range 

190-212 °F. by the use 0£ an electric hot plate under the stainless 

steel cleaning tank. The panels were kept in this bath £or nearly 

10 minutes or until no water break was noticed when the panels were 

withdrawn from the bath. 

Following the alkaline cleaning the panels were rinsed in tap 

water and then immersed £or l minute in a 24 ounce per gallon 

4 
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solution of hot chromic aoido This bath removed the last traces 

of the oil and diohrornate films on the test panels. The panels were 

again rinsed in tap water and ·bhen immersed in a 2% solution of 

nitric acid. The nitric acid pickle was effective in giving the 

panels a brighter finish and removed any surface impurities that 

may have been rolled into the sheets. Following the nitric acid 

pickle the panels were washed by hand in a warm solution of ttFab•' 

detergent~ throughly rinsed and allowed to air dry. 

Identification of the individual test panels throughout the 

work was accomplished by a notch and hole system. See page 21 in 

the Appendix for complete details. 

Application of the Dow #12 (Caustic Anodize) Coating: 

The procedure for the application of the Dow #12 coating was 

12 
that recommended in the Dow Magnesium Finishing handbook. The 

current density and time of application were varied beti.,een 25 and 

200% of the recommended maximum values. This gave a range of actual 

current densities from 5-40 amperes per square foot and a range of 

treatment times from 60 25-50 minutes. The application of this 

coating was comparatively easy to control since this i.s not a self-

sealing ooati.ng. That is to say, the current density onoe set, 

remained constant throughout the run without subsequent adjustment 

of the voltage •. 

Following the anodizing in a bath of the composition shown in 

Table 3, the panels were thoroughly rinsed in tap water and then 

immersed for 5 minutes in a neutralizing bath. The composition of 

this be.:bh :1.s indicated in Table 4 • The panels were rinsed once 
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again after neutralization and allowed to air dry. See Figure 7 

for the flow chart of' the process and Figure 6 £or the equipment 

arrangement. 

Application of' the Dow =/1:14 a.c~ Anodic Coating: 

The procedure for the application of the Dow :/1:14 coating was 
. 12 

that recommended in the Dow Magnesium Finishing handbook. The 

current density and time of application were varied between 25 and 

200% of the recommended maximum values. This gave a range of actual 

current densities from 3.75 to 30 amperes per square foot and a 

range of treatment times from 5 to 40 minutes. This coating is of 

the self-sealing type. That is, as the coating builds up on the 

surface of the panels• the current density falls off. To hold the 

current density constant for a run it was necessary to continually 

adjust the voltage across the work. This was done by changing the 

position of the annature in the tra.nstat and by changing the setting 

of the series resistor. The voltage across the work rises from O 

to about 50 volts in a fraction of a second. The voltage continues 

to rise rapidly to about 75 volts and then gradually levels off. 

Maximum voltage for any run in this work was 128 volts. See Figure 

8 for t.he flow chart of the proees~., Figure 6 for the equipment 

arrangement and Table 5 for the composition of the bath. 

Application of the Dow 4}17 Anodize f'or Magnesiunu 

The procedure for the application of the Dow :/i:17 Anodize 
11 

for :magnesium was that recommended in the literature. The 

current density and time of application were varied in a different 

:ma.nner than was the case for the otner coatings. In this case the 

recommended conditions were expressed in ampere-minutes of treatment 
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time. The specified range was I'.rom 200-500 ampere-minutes per 

square foot of surface. The actual range over which the tests were 

run in this work was from 125-1000 ampere-minutes per square foot. 

This range represents from 25 to 200% of the maximum recommended 

values., This coating is also of the self-sealing type and conse-

quently this required the adjustment of voltage throughout the 

runs. The voltage in this oase rises quickly to 40 volts and then 

rapidly to about 70 volts. From this point the voltage rise is 

rather slow with a maximum of about 92 being reached. See Figure 

9 for the flow chart; of the process, Figure 6 for the equipment 

arrangement and Table 6 for the composition of the bath. 

AFplication of the HAE Coating for Magnesium: 

The procedure for the application of the HAE Coating for 
26 

magnesium.was that recommended in the literature. The current 

density and time of application were varied from 25 to 200% of the 

recommended :maximum values. This gave a range of current densities 

from. 3.75 to 30 amperes per square foot and a range of treatment 

times from 22.5 to 180 minutes. This coating is also of the self-

sealing type and required constant adjustment of the voltage in 

order to maintain the desired current density. The voltage in this 

case rises qµiokly to 40 volts and then rapidly to about 70 volts 0 

From this point the voltage rise is rather slow with a maximum of 

about 93 volts being attained. See Figure 10 for the flow chart of 

the process, Figure 6 for the equipment arrangement and Table 2 

for the composition of the bath6 
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Evaluation of the Coatings: 

The evaluation of a protective coating is an extremely di.f'ficult 

tas~ at the best. Many schemes have been suggested for the evaluation 

of the coatings, each with its own particular applications and limi­

tationso The method selected for this work is one that is an old 

standard in the eoati:ngs field, that being the exposure of the coating 

to a 20% salt fog. 

A salt fog oha.rnber with racking to accomodate 105 test panels was 

assembled and used to evaluate the coatings for this project. The 

ob.amber was a lead lined., open topped ta:nk,. Eight wood.en racks were 

fashioned with slots at 15° from the vertical to hold the panels. A 

salt fog generator was made by assembling the points of a #16 and a 

#18 hypodermic needle at right angles to each othero By passing air 

at about 12 psig through the #18 needle a syphon was generated in the 

#16 needle. A flow of 2G% salt solution was. thus syphoned into the 

jetting air stream from a reservoir connected to the #16 needle by a 

rubber hoseo This flow of salt solution in oombina:bion 'With the jet 

of air produced a very fine mist or salt fog. A bleeding of low 

pressure steam into the chamber was used in holding the temperature 

of the chamber between 95-l05°Fo The tank was covered over with a. 

sheet of' polyethlene, this prevented the fog from escaping into the 

room and allowed limited visual inspec·tion of the chamber. A water 

jet was used to remove condensate and residue from the bottom of the 

tank. 

One set of coated panels was submitted to 200 hours of salt fog 

exposure. Following exposure, the panels were rated for overall ap­

pearance by three fellow students. The results of these ratings are 
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included in Tables 15-180 The panels were then scrubbed with a soft 

bristle brush to remove loose corrosion products., Photographs of the 

scrubbed corroded panels are presented in Figure 140 

Estimation of the percent of coating failure was made in the 

following manner., A coun:t was made of the corrosion pits on those 

panels havi.ng less than about 3% failure., By calculating the average 

size of a corrosion pit, multiplying by the nuxn.ber of pits and then 

di tiding by the surface area., the -percent failure was attained0 Three 

independent estimations of the percent failure were weighed in estima-, 

ting the failure for those cases where the figure was in excess o:f' 

about 3%., 

The results of the percent of coating failure are plotted against 

the ampere-mi.nutes of ·treatment per square foot., Di:f.'ferent symbols 

for the various current densities were1 used in preparing these charts 

which are listed as Figures 1-4., 

There has been no direct correlation of the results of salt fog 

exposure with other types of weathering of coatingso In order that 

there might be some comparison drawn for one other type of exposure 

at least:, duplicate panels of all runs in this work are being evaluated 

at the Dow Chem.ieal Company plant site in Freeport~ Texaso The re~ 

sults o.f the outdoor weathering are not necessary in completing the 

work at hand.t but the results will be of sig:ni.ficant value in aiding 

the correlation of salt fog and outdoor exposure results., 
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Evaluation of Sulfuric Acid for Coating Properties: 

Recently, Patent Noo 2692851 was awarded to Burrows of Alcoa 

for a new method of coating aluminum., This method involves the 

anodization of the metal in a chilled 15% by weight solution of 

sulfuric acid for 90 minutes wi·bh a current density of 20 ... 25 amperes 

per square foot of surface area. An attempt is :made to treat an 

alloy of magnesium in the same manner. 

One and one-fourth pounds of 96% sulfuric aoid are diluted 

With 7.08 pounds of water to prepare a 15% by weight solution of 

the acid. This solution, contained in a four liter beaker was 

centered in a .five gallon bucket and packed in place With crushed 

ice and rook salt,. After two and one half hours the temperature of 

the solution was reduced to SOQFo 

A 12 volt doc• power source was utilized in providing a current 

flow of 4.16 amperes. This current flow is equivalent to 25 amperes 

per square foot of panel surface. A 2 3/4 by 4 inoh panel was made 

the anode and a carbon electrode was made the cathode in the solution. 

Review 0:t A Magnesium Anodize Suggested by the Bureau of Standards: 

A water solution composed of 10% by weight of sodium phosphate 

(NaH2P04: H20)., 4% by weight of sodium diohro:mate (Na.2Cr207 g 2H20)., 

and phosphorio acid to control the Ph at 4.0 - 408 was prepared. 

Several test panels were prepared using the recommended current den .. 

sities.8 The coating is not of the self-sealing type., and is reported 

to be very susoeptii.ble tororros:lve attaok under saline oonditions .. 8 

The oolor of the £1.lm when properly formed is dirty green to shiny 

black. The film has very poor adherence to the base metal and flakes 

oft the compression side of the panel even on a 3/4 in. radius bend0 



RESULTS 

An evaluation of four industrial anodic coatings for :magnesium 

has been made by exposing; test panels to a 20% $alt fog a:bmosph.ere., 

The particular conditions of current density and time o:f' treatme:n:t 

ha"l!e been designed to determine over what latitude the reco:rn:mended 

treatments might be varied without sacrificing coating quality~ and 

to d.e't:;ermine what effect, if a:r1y,11 ou.rrent density has on the coating., 

The conclusions and rel:1,soning :t'or these conclusi.ons followo 

The Dow #12 C~usti.c Anodize z 

This coating was found to be not of the self~sealing typeo The 

current density remained const;ant once the ini·tial voltage had been set., 

A study of Figure 1 reveals that the tmro families of points for less 

than the recommended cmr:ren.t densities lie to the right of ·the cm·veo 

This ind:i.cates that less than the recommended current densities are 

not effective in building up ·l;he protective coating and should be 

avoid.ado Fifty percent less than the specified treatment of 500 ampere­

minutes per square foot gives a good degree of proteotiono Panels 

given a t;reatment o.f 250 ampere ... minutes per square foot should develop 

only about 06% coating failure after 200 hours in a 20% salt fog at= 

mosphereo This compares with .,38% for the reconnnended treatmento Over 

trea:t;ment reduces the percent of failure at 200 hours, but in view of 

the added application cost and small percent of failure at the specified 

leveli it is likely that over treatment would be unwarranted.., This 

would be alilpeoially true i.f a sealant were to be applied to the ooated. 

pane lo 

11 
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The Dow #14 Anodize: 

This coating was f'ound to be of the self-sealing type" As a re ... 

sult it was necessary to make periodic adjustments of the voltage in 

order to maintain the constant lei.rel of current density 0 A study of 

Figure 2 indicates that a:n:y treatment less than that recommended. 

regardless of current density. gives an inferior coatingc This is 

evidenced by the fact that points representing less than the recommended 

treatment for all current densities lie far ·to ·bhe right of the zone 

of recommended treatment0 An even distribution of various current 

density points seems to indicate that a variation from the :recommended 

current density has no effect on the coating quality. Treatments in 

excess of that specified gave slightly superior protection., The results 

of this work indicate a treat1nent of 300 ampere-minutes per square foot 

should pra·vide a coating having only about ,. 7% failure after 200 hours 

in a 20% salt fog atmospherec A treatment of 1000 ampere-minutes 

should provide a coating having only abou't, ,.3% failure., 

The Dow :f/=17 Anodize: 

The Dow #17 Anodize was found to be of the self-sealing type. It 

too required periodic adjus'i:;ments of the voltage in order to :maintain 

the desired ou.rrent density .. This ooating seems to be the best of the 

Dow coatings,. Current density had no detectible et.feet on the coating 

quality and less than the recommended treatment gave excellent p:roteo ... 

tion., A study of Figure 3 indicates panels receiving; 126 aro;pe:re-ndnutes 

treatment per square foo·t had anly about 025% failure compared to ol% 

failure :f'or the pan.els reeeivlng the :recommended ·treatment 0£' 500 ampere 

:minutes per square f'oo·tc Over treatment reduces the pereent o.f failure 

to some deg:reeo A panel h.a:ving a treatmen:t:. of 1000 arri.pere-minutes 
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Figure 2 

The Effect of Salt Fog on the Dow #14 Coated Panels 
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should have only about .08% failure in 200 hours 0 This small percen­

tage eompares to aboU'b 10 corrosion pitsa, 1/32 inch in dianie·ter on the 

surfaoe of a 2 3/4 by 4 inab. panel. The power consumed in application 

of the recommended treatment wa.s determined by graphical irftegration 

of the voltage rise curve in Figure 200 This il'lllue was calculated 

to be 0665 Kw-Hr/Sq Ft •. , 

The HA.E Coating;i 

The HA.E Coating for magnesium was also found to be of the self­

sealing type. This coating provides superior protection o~er a wide 

range of treatments as did the Dow #17 Anodize. The panels receiving 

the recommended treatment of 1350 ampere-minutes per square foot de­

veloped only about .,16% failure a:f."te:r 200 hours in ·the fog ohe.mber., 

Less than the recommended treatment gave a good degree of protection 

over a wide range., Panels receiving only 350 ampere""ltlrl.nutes treatment 

per square foot had but 08% f'ailureo Over treatment gave increased 

pro·teotion with a minimum of failure being .021%0 This peroentage 

compares to only 3 oorrosiop. pits about 1/32 in.oh in diameter on the 

surface 0£ the panel., Considerable·variation from the reoomrnended 

current density may give a lower degree of proteotion. This is in 

evidenoe by the faot that ·tb,e family of points for the reoommended 

ourrent density a.re slightly to the le:f'·t; of' the Ottr'ire in Figure 4., A 

'better e:x:pla:nation of this o'bservation would probably lie with the con­

dition of' the panel surfaces prior ·to treating. Even though all panels 

were subjected to the same cleaning soheme, it is possible that this 

particular group o.f panels ma:y ha:ve had fewer S'Ul"fa.ce inclusions to 

af'feot the finished coatingo In oon.sider(il.t:ion o:f' the very small percent 

of failure observed, this appears to 'be the preterred e:x;planationo 
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Figure 4 

The Effect of Salt Fog on the HAE Coated Panels 
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The power consumed in application of the HAE Coating~ calculated from 

Figure 19~ was found to be 1.505 Kw-Hr/Sq ft. 

Sul.furic Aoid as an Electolyte for Anodizing Magnesium.: 

Chilled sulfuric acid of. the concentration tested is of no value 

in providing a protective coating for a magnesium ~lloyo As soon as 

the magnesium panels were illlUJ6rsed in the solution, a violent evolution 

of hydrogen begano The flaw of current through the bath had no apparent 

effect in either increasing or decreasing the evolution of the hydrogen. 

After one minute in the ba·bh a panel of 00325 inches in thickness was 

decreased to .0037 :i..nches in thicknesso · Subsequent attempts to form 

an;y sort of a coating in ·this bath were without success. The results 

of this work are quite :i.n line with what might be expected on ana.lysis 

of the likely film productso The sulfates of both aluminum and :magne ... 

sium are soluble so the likelihood of them being present to a:ey- extent 

in a film is rather small •.. Likewise the hydroxides of' both these 

elements are soluble in acid., This leaves only the oxides of the metals 

for film formationo The oxide film of aluminum. is self-sealing sinoe 

its oxide occupies 1.,24 times the spaoe of the metal from whi.eb. it is 

derived0
22 The case of magnesium. is differentp here no seal can be 

a:ttained since the oxide of magnesium ooeupies only • 79 times as much 

space as did the metal from which it was derived. The evolution of the 

hydrogen from the magnesium is so violent that any oxide formed would 

be carried into the solution. Higher ooncentrations of acid might be 

used in oonjunetion with lower temperatures" Lower temperatures would 

necessitate extensive refrigeration and probably prohibit such a p:t•ocess 

because of the added cos·t. 
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Figure 5 

Method of Identifying Panels 

Panels are first designated by a Roman Numeral code nW!!-ber. 
This code number is either I. II~ or III, and may be deter­
mined from the number of notohs in the upper left hand corner 
of each panel. 

Panels are further designated by the position of a single hole, 
through the panel. The location of the hole may be determined 
by the below coordinate system. 

For Examples 

Oode I 

[7 
1 2 3 4 5 6 

N 
:,co 

·I--· 

,__ -~@) 

..._, 

--
-·-

--, -

--

Code II 

[7 
7 8 9 10 11 

. 

Oode III 

[7 
With the notch in the 
upper left hand. corner 
we immediately know 
that this must be a 
oode I pane 1 o 

Further. if a hole were 
in position (l), this 
panel would be further 
designated as a B-5 
panel. The complete 
designation would of 
oour se be I-B-5. 

Should the hole be in 
position (2), we would 
then have panel I-E-2. 

Duplicate panels are 
prepared in all oases. 
there is no differen­
tiation made between the 
duplicate panels. 



Table 2 

Composition of the BAE Bath for Magnesium 

Potassium Hydroxide (KOH) Tech. 
Aluminum Hydroxide (Al(OH) 3) u.s.P .. 
Potassium Fluoride (KF') Tech,, 
Trisodium Phosphate (Na3P04:12 HzO) Teoh. 
Potassium Manganate (97% K2Mn04) 
Water -to make-

Table 3 

16 oz.., 
4 oz. 

4.5 OZo 

4.5 oz .. 
2 .. 5 oz. 

1 g;al. 

Composition of the Dow #12 Caustic Anodize Bath 

Sodium Hydroxide (ljaOH) Tech. 
Ethlene Glycol (CHzOHCH~OH) U.S.P. 
Sodium Oxalate (NazCz04) u.s.P. 
Water .. to make-

Table 4 

Composition of the Neutralizing Bath 

Sodium Acid Fluoride (Na.HF ) Techo 
Sodium Diohromate (Na Cr O 2H 0) Teoh. 
Water -to make-

32 oz .. 
,,55 pint 
033 oz. 

1 gale-

6.,66 oz. 
6.,66 oz .• 

1 gal. 

22 



Table 5 

Oomposition of the Dow #14 Anodize Bath 

Phenol (C 0H50H) U.S.P. 
Sodium Hydroxide (NaOH) Teoh. 
Sodium Metaborate (Na2B204: 4 H20) Tech. 
Sodium Metasilioate (NazSi03: 9H20) Teoh. 
Water -to make-

Table 6 

Composition of Dow #17 Anodize Bath 

Ammonium Aoid Fluoride (NH4HF2) Teoh. 
Sodium. Dichro:mate (Na2CrgO. 7: 2H20) Teoho 
Phosphoric Acid ( 86% H3P04) Reagent 
Water -to :make-

23 

1.0 oz. 
.33 oz,,. 

32.0 oz. 
9.0 oz. 
1.0 gal. 

32 @z. 
13.3 oz. 

11.5 Fl.oz. 
l gal. 



Figure 6 

Diagrama.tio View of Process Arrangement 
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Operation 

Alkaline Cleaning 

Cold Water Rinse 

Chromic Acid Dip 

Nitric Acid Pickle 

Co.ld Water Rinse 

Scrubbing 

Air Dry Room Temp 

Anodize 

Cold Water Rinse 

Neutralizing 

Cold Water Rinse 

Figure 7 

Flow Chart for Dow /12 Prooess 

Treatment Time 
(Minutes) 

10 

l 

2 

6 

. AJr Dq Room. Te_.·!II=P_. --

25 

Temperature 

190-212 

200 

70 

165-175 

70-90 



Figure 8 

FlQW' Ohart for Dow =l/:14 Anodize for Ma.gnesiwn 

Operation 

Alkaline Gleaning 

Cold Water Rinse 

Chromic Acid Dip 

Oold Water Rinse 

Nitric Acid Pickle 

Cold Water Rinse 

Scrubbing 

Air Dry Room Temp. 

Anodizing 

Oold Water Rinse 

Treatment Time 
(Minutes) 

10 

1 

2 

Temperature 
(OF.) 

190-212 

200 

70-85 
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Figure 9 

Flow Chart for Dow #17 Anodize for Magnesium 

Opera.ti on 

Alkaline Cleaning 

Cold Water Rinse 

Chromic Acid Dip 

Cold Water Rinse 

Nitric Acid Pickle 

Cold Water Rinse 

Scrubbing 

Air Dry Room Temp. 

Anodizing 

Cold Water Rinse 

I Air Dry Room Temp •. 

Treatment Time 
(Tu'linutes) 

10 

1 

2 

1.25-80 

Temperature 
(OF) 

190-212 

200 

70-8q 

160-180 
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Operation 

Alkaline Cleaning 

Cold Water Rinse 

Chromic Acid Dip 

Cold Water Rinse 

Nitric Acid Pickle 

Cold Water Rinse 

Scrubbing 

A.ir Dry Room Temp 

.anodize 

Cold Water Rinse 

Neutralize 

Cold Water Rinse 

Air Dry Room Temp 

Figure lo 

Flow Chart for the HA.E 
Coating Process 

Treatment Time 
(Minutes) 

10 

l 

2 

22.5-180 

10 

28 

Temperature 
C'F) 

19'0-212 

200 

70-85 

78-85 
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Table '1 

Reoord of Treatments 

Dow :/1:12 Anodize Prooess 

Panel %Reo. %Rec. Actua.l Actual Armn.eter Start Stop Date 
I. D. c. D. Time O. D. Time Reading 

nr...a,..:.4/s 200 200 40 60 a.sa 7:06 7:56 3/13 
III-.A.-1()1..1200 150 40 37.5 6.66 6:27 7:04+ 3/13 
II...A-10 200 100 40 25 6.66 4:31 4:56 3/13 
I...A-8 200 50 40 12.6 6.66 4:07 4:19+ 3/12 
I-A-7 200 25 40 6.25 6.66 3:59 4:05+ 3/12 
II-.1\-7 150 200 30 50 5.0 3:00 3:50 3/12 
II~-6 150 150 30 37,.5 5,.0 2:12 2:49+ 3/12 
I-A.-6 150 100 30 25 5.0 1:45 2:10 3/12 
II-.A.-5 150 50 30 12.5 5,.0 1:22 1:34+ 3/12 
I..A-5 160 25 30 6.25 5.0 1:12 1:18+ 3/12 
I...A.-4 100 200 20 50 3.33 9:47 10:37 3/11 
II...A-4 100 150 20 37.5 3.33 9:05 9t42+ 3/11 
II...A.-3 100 100 20 25 3.33 8:34 8t59 3/11 
II...A-2 100 50 20 12.5 3.33 8:12 8:24+ 3/ll 
I-A-3 100 25 20 6.25 3.33 5:52 5:58+ 3/ll 
I-.A-2 50 200 10 60 1.66 4:27 5:17 3/ll 
I...A-ll 50 150 10 37.5 l.66 3:48 4:25+ 3/11 
II-.A-11 50 100 10 25 1.66 3:07 3132 3/11 
II...A-1 50 60 10 12.5 1.66 10:43 10:55+ s/10 
I...A-1 50 25 10 6.25 l.66 10:31 10:37+ 3/10 
III-A-1/3 25 200 5 50 .83 5:38 4:28 3/13 
I.../1.-10 25 150 5 37.5 .ss 2:55 3:32+ 3/13 
II..Jl.-9 26 100 5 25 083 2:27 2:52 3/13 
I...A.-9 26 50 5 12.5 .83 2:13 2:25+ 3/13 
II..A.-8 25 25 6 6025 .~3 4:24 4:30+ 3/l?, 

(C.D) Current density measured in Amperes/Square Foot. 
Time measured in minutes. 
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Table 8 

Record of Treatments 

Dow #14 Anodize Process 

Panel %8.ec. %Rec. Actual Actual Amme·ter Start Stop Date 
I.D .. C.D., Time c.n. Time Reading 

I-E-4 200 200 30 40 5 1:30 2 :10 4/17 
I-E-3 200 150 30 30 5 12:45 1:15 4/17 
I-E-2 200 100 30 20 5 12:15 12~35 4/17 
I-E-1 200 50 30 10 5 12:02 12:12 4/17 
II-D-11 200 25 30 5 5 11:55 12:00 4/17 
I-E-5 150 200 22 .. 5 40 3.,75 2:25 3:05 4/17 
I-E~6 150 150 22.5 30 3., 75 4:50 5:20 4/17 
I-E-7 150 100 22.5 20 3., 75 5:25 5:45 4/17 
I-E-8 150 50 22.,5 10 3.,75 3:10 3:20 4/17 
I-E-9 150 25 22.5 5 3., 75 5t47 5:52 4/17 
I-D-10 100 200 15 40 2.,5 5:50 6:30 4/14 
r ... D-9 100 150 15 30 2o5 5:15 5:45 4/15 
I-D-6 100 100 15 20 2o5 3:12 3:32 4/15 
I-D-7 100 50 15 10 2o5 2tl8 2:28 4/15 
I-D-8 100 25 15 5 2.,5 1:50 1:55 4/15 
I-D-11 50 200 7.5 40 lo25 2 i30 3:10 4/16 
II-D-1 50 150 7o5 30 lo26 3:15 3i45 4/16 
II-D-2 50 100 7o5 20 1.,25 4:13 4:33 4/16 
II-D-3 50 50 7 .,5 10 1.,25 8:55 9:05 4/16 
II-D-4 50 25 7.,5 5 1.,25 9:10 9:15 4/16 
II-D-5 25 200 3o75 40 .625 9:18 9:58 4/16 
II-D-6 25 150 3.,75 30 .. 625 10:00 10t30 4/16 
II-D-7 26 100 3.,75 20 .. 625 10s35 10i55 4/16 
II-D-8 25 50 3o75 10 .,625 10:58 llg08 4/16 
II-D-9 25 25 3.,75 5 ... 625 11:30 11:35 4/17 
II-D-10 480 20 .. s 72 4.,16 12 11:40 lls44+ 4/17 

(G.D .. ) Current bensi ty measured in Amperes/Square Foot. 
Time measured in minuteso 
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Table 9 

Record of' Treatments 

Dow ·#17 Anodize for Magnesium 

Panel faR.eco %Rec .. Aotual Aotual Ammeter Start Stop Date 
I., D., c .. n .. Time C.,D,. Time Reading --- _., -
II-B-10 200 200 100 10 16,.65 4:05 4gl5 3/15 
I-B-11 200 150 100 7.,5 16.,65 4:17 4g24+3/15 
II-B-11 200 100 100 5 16,.65 4225 4:30 3/15 
III-B-1/2 200 50 100 2.,5 16.,65 4i33 4~35+3/15 
III-B-3/4 200 25 100 1.,25 16065 4i48 4:49+3/15 
I-B .. l 150 200 75 13.,35 12,.50 6g59 7s12+3/14 
II-B-1 150 150 75 10 .. 12 .. 50 3&52 4:02 3/14 
II-B-2 150 100 75 6.,67 12.,50 7:18 7i24+ 3/J.4 
I-B-2 150 50 75 3.,33 12c50 7:28 7:31+ 3/14 
I-B-3 150 25 75 1.,67 12.,50 7g35 7i36+ x:14 
II-B-3 100 200 50 20 8.,32 7t42 8t02 3 14 
I-B-4 100 150 50 15 8t32 8g03 8:18 3/14 
II-B-4 100 100 50 10 8.,32 8:24 8:34 3/14 
I-C-5 100 50 50 5 8.,32 8:48 8:53 3/14 
I-B-6 100 25 50 2 .. 5 8.,32 9:05 9t07+ xl4 
I-B-9 50 200 25 40 4ol6 2:17 2:57 3 15 
II-B-9 50 150 25 30 4.,16 2;59 3:29 3/15 
I-B-10 50 100 25 20 4ol6 3i31 3:51 3/15 
I-B-8 50 50 25 10 4ol6 11~41 lli51 3/14 
II-B-8 50 25 25 5 4.,16 lli54 11:59 3/14 
II-B-6 25 200 12.,5 80 2 .. os 9:12 1Qg32 3/14 
III-B-6/7 25 150 12 .. 5 60 2.,08 7:10 8:10 3/15 
III-B-10/1125 100 12..,5 40 2.,08 8g20 9;00 3/15 
II-B~7 25 50 12o5 20 2.,08 11:19 llg39 3/14 
I-B ... 7 25 25 12.,5 10 2o08 11:05 11:15 3/14 

(C.D.) Current Densi·by measured in. Amperes/Square Foot .. 
Time measured in minuteso 
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Table 10 

Record of Treatments 

HAE Coating for Magnesium 

Panel %Rec., %Rec,. Actual Actual Ammeter Sta.rt Stop Date 
I .. D,. c .. D,. Time c .. D., Time Reading 

I-F-2* 200 150 30 135 5 1:00 3:15 4/4 
II-C .. 11 200 150 30 135 5 7:1.3 9z28 3/30 
II-F-2 200 1.00 30 90 5 3:20 4;50 4/4 
I-F-3 200 50 30 45 5 11:00 11:45 4/4 
II-F-1 200 50 30 45 5 4i50 5:35 4/5 
n .. c-s 200 25 30 22.,5 5 11i35 11:57+ 3/30 
I-D-2* 150 166 22 .. 5 150 3..,75 1:45 4:15 4/5 
I-D-1 150 150 22o5 135 3.,75 9:35 11:50 4/5 
II ... F-4 150 100 22,.5 90 3.,75 10:30 12:00 4/4 
II-F--3 150 50 22.,5 45 30 75 9 i42 l0g27 4/4 
n ... c ... 10 150 25 22..,5 22 .. 5 3., 75 4s50 5:12+ 3/30 
I-C-10 100 200 15 180 2 .. 5 9i00 12e00 3/28 
I-0-11 100 150 15 135 2 .. 5 8d50 11:05 3/29 
I-C-9 100 100 15 90 2.,5 7:20 8 :50 3/28 
I-C-8 100 50 15 45 2o5 6:30 7 zl5 3/28 
I-0 ... 7 100 25 15 22.,5 2,.5 6:05 6s27+ 3/28 
I-0-2 50 200 7.,5 180 1.25 12:55 3:55 3/26 
II-C-3 50 150 7.5 135 1.,25 6~45 9:00 3/29 
II-C-2 50 100 7..,5 90 1 .. 25 3:55 5:25 3/29 
II-C-1 50 50 7.,5 45 1,,25 11~10 llt55 3/28 
II-C-4 50 25 7.,5 22.5 1.25 9:05 9i27+ 3/29 
II-C-9 25 200 3.,75 180 .625 1:10 4i10 3/30 
n .. c-7 25 150 3o75 135 .625 9:15 lli30 3/30 
I-F-1 25 100 3o75 90 .,625 9~12 10:42 4/4 
Iros.C-6 25 50 3.75 45 • 625 10i41 11:26 3/29 
u ... c .. s 25 25 3,.75 22.5 .,625 9g37 9~59+ 3/29 

*Panels were wi "hhdraw:n .t':rom the bath in less than scheduled tirne as 
the eoating; began to fail with further increases in potential .. 

(C .. D.) Current density measured in Amperes/Square Footo 
Time measured in minutes .. 



Panel 
Identif'iea.tion 

III-.A-4 
III-A-10 

II-A-10 
I-A-8 
I-A-7 
II-A-7 
II-A-6 

I-A-6 
II-A-5 

I-A-4 
II-A-4 
II-A-3 
II-A-2 
I-A-3 
I-A-2 
I-A-11 

II-A-11 
II-A-1 
I-A-1 

III-A-3 
I-A-10 
II-A-9 
I-A-9 

Table 11 

Panels Treated By the Dow :JI: 12 Prgcess 

ForWea.thering on the Gulf' 

Coast of Texas 

Current Density Time 
Amperes/Sq. Ft. Minutes 

40 50 
40 37.5 

40 25 
40 12.5 
40 6.25 
30 50 
30 37.,5 

30 25 
30 l2o5 

30 6.,25 

20 60 
20 37.5 
20 25 
20 12.5 
20 6.25 
10 50 
10 ,37.5 

10 25 
10 12.5 
10 6.,25 

5 50 
5 37.5 
5 25 
5 12 .. 5 

Appearance--Remarks 

Lt. gray green 
Lt. gray green., some 
spots on one side 
Lt. gray green 
Soft gray 
Lt. gray 
Med. gray green 
Med. gray with gray 
green about edges 
Lt. gray green 
Soft gray, some 
light streaking 
Silvery white. one 
edge lightly pit~ed 
Smooth black 
Smooth bl~ck 
Med., gray 
Very light gray 
Lt. gray 
Med. dark gray green 
Med. gray, streaked 
on one side 
Soft gray 
Very light gray 
Uneven Lt. gra:y • 
many _fine pits 
Very thin gray film 
Silvery white 
Silvery white 
Metallic oolored• 
water streaked 
:Bare metal 
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Table 12 

Pa.uels Treated By the Dow #14 Process 

For Weathering on the Gulf 

Coast of Texas 

Panel Current Density Time 
Identifioation Amperes/Sq., Ft., 1\/dnutes Appearance-Remarks 

I-E-4 30 40 Light gray-rough 
I-E-3 30 30 Light gray-rough 
I-E-2 30 20 Light grs,y-rough 
I-E-1 30 10 Light gray-slick 
II-D-11 30 5 Light gray-slick 
I-E-5 22o5 40 Light gra.y ... rough 
I-E-6 22 .. 5 30 Light gray ... rough 
I-E-7 22.,5 20 Light gray-rough 
I-E-8 22.,5 10 Light gray-slick 
I-E-9 22.5 5 Light gray-slick 
I-D-10 15 40 Light gray-rough 
I-D-9 16 30 Light gray-rough 
I-D-6 15 20 Light gray-slick 
I-D-7 15 10 Light gray-slick 
I-D-8 15 5 Light gray-slick 
I-D-11 7 .. 5 40 Light gray ... slick 
II-D-1 7.,5 30 Light gray-slick 
lI-D-2 7.,5 20 Light gray-slick 
II-D-3 7.,5 10 Light gray-very thin 
II-n ... 4 7o5 5 Lt. gray-10% exposed 
II-D-5 3.,75 40 Light gray-sl:ick 
II-D-6 3.75 30 Light gray ... slick 
II-D-7 3o75 20 Lt. gray-5;7~ exposed 
II-D-8 3,.75 10 Lt. gray-BO% exposed 
II-D-9 3.,75 5 Lt., gray-95% exposed 
II-D-10 72 4.,16 Light gray-slick 



Table 13 

Panels Treated By the Dow =/fl7 Process 

For Weathering on ·the Gulf 

Coast oi' Texas 

Panel Current Density Tl.me 
Identification Am:eeres/Sq, .. Ft! N'dnutes ~pp ea.ranee-Remarks 

II-B-10 100 10 Dark green 
I-B-11 100 7.,5 Dark green 
II-B-11 100 5 Da.rk green 
III-B-1 100 2 .. 5 Lime green 
III-B-4 100 l.,25 Chartreuse 
I-B-1 75 13.,35 Dark green 
II-B-1 75 10 Dark g:.ree:n 
II-B-2 75 6.67 Dark green 
I-B-2 75 3.,33 Lime green 
I-B-3 75 l..67 Pale chartreuse 
II-B-3 50 20 Dark green 
I-B .. 4 50 15 Dark green 
lI-B-4 60 10 Dark green 
I-0-5 50 5 Lime green 
I-B-6 50 2.5 Pale char·treuse 
I-B-9 25 40 Da:rk green 
II-B-9 25 30 De,:rk green 
I-B-10 25 20 Dark green 
I-B-8 25 10 Lime green 
II-B-8 25 5 Chartreuse 
II-B-6 12.5 80 Dark gx·t::Hfm 
III-B-6 12o5 60 Dark green 
III-B-11 12.5 40 Dark green. 
II-B-7 12.,5 20 Lime green 
I-B-7 12,.5 10 Chartreuse 



Panel 
Identification 

I-F-2 

II-C-11 

II-F-2 
I-F-3 

II-F-1 

II-C-8 
I-D-2 
I-D-1 

II-F'-4 
II-F-3 

II-C-10 
I-C-10 
I-0-11 
I-0-9 

I-C-7 

I-C-2 

II-C-3 

II-C-2 
II-C-1 
II-C-4 
II-C-9 

II-C-7 
I-F-1 
II-C-6 
II-C-5 
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Table 14 

Panels Treated By the HAE Process 

For Weathering on the 

Gulf Coast of Texas 

Current Density 
As,eres/sq. F·t. 

30 

30 

30 
30 

30 

30 
22.5 
22.5 

22..,5 
22.5 

22.5 
15 
15 
15 

15 

15 

3.75 
3.75 
3.75 
3.,75 

Time 
Minutes 

135 

135 

90 
45 

45 

22o5 
150 
135 

90 
45 

22.s 
180 
135 

90 

45 

180 

135 

90 
45 
22.5 

180 

135 
90 
45 
22 .. 5 

A_l)fearanes-Re1!1!,rks 

Dark ~rown, l/16" hole 
burned through 
Dark brown. 3 holes~ 
1/2 sq in exposed along 
one edge 
Medo dark brown 
Mad. Dko brown with 
some light patchs 
Med. Dk. brown wi·bh 
some light patchs 
Splattered Br. over tan 
Dark brown 
Dark brown, index edge 
slightly attacked 
Dk .. Br • .few light spots 
Medo Dr o Br. i,n th many 
light patohs. 
Splattered Br. over tan 
Dark brawn 
Medium dark brown 
Lt. Br. , with many 
lighter patohs 
Tan with splattered 
light brown 
Tan with .faint brown 
shaded areas 
Med. Br., with·maey 
lighter patohs 
Tan with muoh Med. Br. 
sp la t't;ering 

tt 

Ta.n~ith Med. Br. shading 
Light tan . 
Tan with scattered Br. 
patchs 

It 

tt around edges 
Light tan 
Very light tan 
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Table 15 

Results of Weathering Dow //=12 Goa.ting 

200 Hours in Salt Fog 

Panel Current Amp-min % Failure Relative 
Identification Densi:ty Treatmeft 200 Hours Standing 

Amps/tt2 (per ft) Salt Fog Visual %Wise 

III...A-6 40 2000 o2 l 1 
III-A-1.l 40 1500 024 2 2 
II-.A.-10 40 1000 025 5 3 
I-A-8 40 500· 043 8 10 
I-.A.-7 40 250 .47 6 11 
II-.A-7 30 1500 .,.31 3 6 
II-A-6 30 1125 .. 28 9 4 
I-.A.-6 30 750 038 13 9 
II-.A.-5 30 375 · .50 7 12 
I-A-5 30 18705 093 17 17 
I-A-4 20 1000 .,29 11 5 
II-A-4 20 760 .. 36 15 8 
II-.A.-3 20 500 .. 33 4 7 
II-A-2 20 250 .57 10 14 
I-A-3 20 125 052 12 13 
I..J\.•2 10 500 086 14 16 
I-A-11 10 375 3o0 22 18 
II-A-11 10 250 066 16 16 
II...A-1 10 125 3,,0 18 19 
I-A-1 10 62,,5 4o0 19 20 
III-A-1 5 250 20 .. 0 20 21 
I-.A.-10 5 187.5 60.,0 24 24 
II-A-9 5 126., 55 .. 0 21 23 
I-A-9 5 62.,5 50 .. 0 23 22 
II...J\.-8 5 37o5 95.o 25 25 



Table 16 

Results of Weathering Dow ,f/:14 Coating 

200 Hours in Salt Fog 

Ourrent Amp-min % Failure Relative 
Panel Density Treatment 200 Hours Standing 
Identifi oa. ti on Amps/£t2 per sq ft Salt Fog Visual %Wise 

I-E-4 30 1200 .20 3 l 
I-E-3 30 900 .22 4 3 
I-E-2 30 600 .40 6 6 
I-E-l 30 300 .92 9 l2 
II-D-11 30 150 9 .. 0 15 16 
I-E-5 2206 90() .36 1 4 
I-E-6 2206 675 .20 2 2 
I-E-7 22.5 450 .36 '7 5 
I-E-8 22.5 225 3.,0 13 14 
I-E-9 22.s ll2.5 '7o5 16 15 
I-D-10 15 600 .47 5 8 
I-D-9 15 450 .58 10 9 
I-D-6 15 300 .,61 11 10 
I-D-7 15 150 350 20 19 
I-D-8 15 75 45 .. 22 20 
I-D-ll 7.5 300 .43 12 7 
II-D-1 7.5 225 .94 14 13 
II-D-2 7.5 150 300 17 18 
II-D-3 7.6 75 45. 19 21 
II-D-4 7.5 37.6 55. 21 22 
II-D ... 6 3.75 150 18. 18 17 
II-D-6 3.75 112.5 60. 26 24 
II-D-7 3.75 75. 55. 23 23 
II-D-8 3.75 37.,5 85. 24 25 
II-D-9 3.75 18 .. 75 95 .. 25 26 
II-D-10 72 300 .93 8 11 



Table 11 

Results of' Weathering Dow 1J,17 Coating 

200 Hours in Salt Fog 

Current .Amp-Min % F'ailure Relative 
Panel Density2 Treatment 200 Hours Standing 
Iden:bifioation !5>s/rt per sq ft Salt Fog Visual %Wise 

II-B-10 100 1000 0069 3 3 
I-B-11 100 750 .,125 9 11 
II-B-11 100 500 .,069 7 4 
III-B-2 100 250 .077 14 5 
III-B-3 100 125 .,48 25 25 
I-B-1 '75 1000 .035 1 l 
II-B-l 75 750 .,125 13 12 
II-B-2 75 500 .098 15 8 
I-B.:.2 75 250 018 22 19 
I-B-3 75 125 028 20 24 
II-B-3 50 1000 .,091 13 6 
I-B-4 50 750 .. 125 18 13 
II-B-4 50 500 0056 4 2 
I-0~5 50 250 .. 24 19 22 
I-B-6 50 125 0195 21 20 
I-B-9 25 1000 0126 6 14 
II-B-9 25 750 .. 14 11 16 
I-B-10 25 500 ol'75 10. 18 
I-B-8 25 250 012 17 9 
II-B-8 25 125 023 24 21 
II-B-6 12.5 1000 0091 5 7 
III-B-7 12.5 750 .,125 8 15 
III-B-10 12.5 500 014 16 17 
II-B.,.7 1206 250 .. 12 18 10 
I-B-'7 l2o,5 125 .21 23 23 
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Table 18 

Results of Weathering HAE Coating 

200 Hours in Salt Fog 

Current j,mp-Min % Failure Relative 
Panel Density, Tree.tment 200 hours Standing 
Identifioation Amps/ft8 t~ sq i"t ,Salt Fog Visual % Wise 

I-F-2 30 4050 0035 4 s 
II-0-11 30 4050 0042 7 4 
II-F-2 30 2700 ,,021 l l 
I-F-3 30 1350 016 10 10 
II-0-8 30 675 036 14 14 
r .. D-2 22.5 3375 0091 8 8 
I-D-1 22.5 3037 0069 6 7 
II-F-4 22.;5 2025 0091 9 9 
Il-F-3 22o5 1012.,5 .,26 11 11 
II-0-10 22.5 50602 .,68 20 20 
I-0-10 15 2700 0021 2 2 
I-C-11 15 2025 .,042 5 s 
I-0-9 15 1350 .049 3 6 
I-C-8 15 675 035 17 13 
I-0-7 15 337.,5 .. 67 19 19 
I-0-2 7o5 1350 .26 12 12 
n .. 0 ... 3 7.,5 1012.,5 062 15 18 
II-C-2 7.,5 675 049 18 15 
II-C-1 7,.5 33705 .,89 21 22 
II-0-4 706 168.7 80 25 25 
II-0-9 3o75 675 .49 13 16 
II-0-7 3.,75 506.2 .. 54 16 17 
I-F-1 3.,75 33705 .a1 22 21 
II-C-6 3o75 168 .. 7 :s. 24 23 
II-C-5 3o"75 84o3 5., 23 24 
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Table 19 

Voltage Rise During an 

HAE Treatment Cycle 

Process: BAE 
Current Density:50 amperes/square foot 
Total treatment timat 46 minutes 

Minutes 

l 

3 

4 

5 

6 

7 

8 

9 

10 

16 

20 

30 

45 

Volts (ac) 

so.o 

66.0 

66.,5 

67.0 

68.,0 

68.,5 

68.,5 

70.6 



Figure 12 
Voltage-Rise During a H~E 

Treai;ment Cycle 
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Table 20 

Yolt&ge Rise During a Dow #17 Anodize 
Treatment Oycle 

Process: Dow fl7 Anodize f'or Magnesium. 
Current Densityg 12o5 Amperes/Square foot 
Treatment times 60 minutes 

Minutes 

o5 

1 

2 

3 

4 

5 

6 

8 

10 

16 

20 

30 

40 

50 

60 

Volts (ae) 

46.,0 

50.,0 

55.,0 

62o5 

65.,.5 

67o5 

69o0 

71.,0 

7206 

76o0 

78o0 

82.,0 

85.,5 

87o0 

87o5 
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Figure 14 

Appearance of Coated Panels 

After 200 Hours in Salt Fog 
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Power Consumed During a Dow #1'7 Treatmertib _Qy~~l~g 

From Figure 13 which is a plot of the data from Table 20, a summation 

of tli:e area under the curve will determine the power consum.edo 

Area I = 6 min X 59.,3 volts !!I 355.,8 volt-min. 
IT ::: 6 X 72 .. 0 Isl 432 .. 0 
III = 18 :x: 78.,5 ::,: 1413., 
IV = 30 :x: 86.,0 = 2580,. 

4780.,0 ,rol t-rnino 

Kw-hr, .. = volt-mi.n :x: a.mpsisq! ft., := 4780 X 12c5 "" .,997 
sq.,f'to 1000 :x: 60 Tooox: 60-

0997 Kw-hr/sq.,fto represents the power to apply a ?50 
ampere-minute treatmento This is 150% of the maximum 
re oommende d treat,me:n:t., 

Prorated to 100% of the :ma:x:imum. recommended trea:tment: 

.,99'7 Kw-Hr.,/sq.,ft. 
l.,5 

= 0.,665 Kw-hr.,/sqofto 
****************** 

Po11rer Consumed Dut·i.ng an HAE 'I'reatln.~:rrc ~: 

From Figure 12 which is a plo·t ot the data .t'rom Ta"ble 19:. a sun:rme.,tion 

of the area under the curve will determine the power consU111ed., 

Area I :ta;l 5 min., :x: 63.,5 volts 
II = 5 :x: 68.3 
III = 35 X 72.,0 

Kw-Hr., = vol:bmrnin X amps/sq f"t 
sq f·t 1000 X 60 

= 317 .,5 
- 341.,5 

"" 2420.,0 
307906' 

30'79 X 50 
1000 :x: 60 

volt-min 

volt-min 

= 2.,51 Kw-hr 
sq Ft 

2.,51 Kw-h.r/sq ft represents the power to apply a 2250 
ampere-minute treatment., This is 166% of the maximum 
recommended treatment., · 

Prorated to loo% of the maximum recommended treatment: 

2.,51 Kw-hr/sq .ft = 1., 505 Kw-hr o/sq.ft ... 
1.66 ******************* 



Area of Pane 1 g 

Current Density: 
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Sample Calculations 

2 .. 75 in :x: 4 in 
144 sq lri.7sqf°"S 

e .,0764 sq ft/ per surface 

Arnmet;er Reading/Effective Area 

Effecd:;i ve Az·ea == Panel area + Electrode area 

.L~-~-4il ~+· 3/8~ ~ 4 JI: !!:, 5n .. _(3LeJ x ~ !mil 

144 

0 1665 sq ft pe:r ptiUJ.el uvith electrod.e attached. 

Ampere-Minutes Treatment.; s 

Percent Are~ Failuret 

Nurnber of. J?.i.t~ :.x:. pit. a.rea x 100 
panel area 

. .,.3 o'/ 
-----...-.---·--------- = 6097 N X 10 /0 

,,0764 

For panel. I-F-2i N = 5 

-3 % Failure= 5 x 6e97 x 10 = .035% 
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