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FOREWORD

Thie ""‘“C" =a cg?e_:_eaari hu thn Rottalls Mamorizd Tgsti#q_ﬁ-a wndar

USAF Contract No. AF 53(038;)0750. Tha contract was initisted under' Row
search ar.: Development Order No. 6l1=11, ®Electrodeporition and Electro-
chemical Treatments” and was administersd wunder the direction of the
Materials Laeboratory, Directorate of Research, Wright Air Development
Centor, w' th Major L, E. Michael acting as projeoct engineer, This is the
Final Report on the phase of the work related to outdvor exposure testing
of certain experimental ocoamtings on eteel.

The work was conducted by A, B. Tripler, Ji., J., Edwir Bride, Glenn

Schaer, C.en Fuller, and C. L, Faust, all of Battelle Memorial Institute,
Columbus, Ohio,
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sAneamAnm

Pure-mangensese, mangancse-zinc-elloy, and rinc=tin-alloy coatinge
on steel were expoeced for 21 monthe at the Bsttelle North Florida Research
Station, Panels coated with zirc, ocsadmium, and chromated zinc wsre exposed
concurrently &s satendards.

The pure-menganese and manganese-zinc coatinge were inferior to the
zino snd cedmivm standards.

The zinc-tin-alloy ocoatings of O.2-mil thickness =sd greater pro-
tected the underlying wsteel as well &8 the zine rnd cacriuwn standards,

PUBLICATION REVIEW

This report has been reviewed end is approved.

//;;;ngi;:;; SORTE
: Colonel, USAF

//<;Zd///t// ' - hief, Meterials Laboratory
k4 Directorate ¢ -a.aroh
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THTRCDUC TTON

In & tempsrate climate, electrodeposited cino or eadmium keeps
stoel from rusting for tem years or more, In the tropica, zine and ocadmium
coatings dotcriornis rapidly and the atesl then aorvader. Tn many cases.
this ocours in less than & year, During World War II, this conditlon beceme
a menace to airoraft which were operating in the tropics. In addition, the

storage of steel aircraft parts could not be accomplished with safety.

In 1946, the Air Force contraoted with Battelle Memorial Institute to
conduct an exploratory research for substitutes for ginc and cadmium costings
for steel parts of aircraft., In plannirgz this work, two restrictions were es-
tablished for ths substitute coetings: (1) the costings must provide secrific-
jal (cathodic) protection teor SAE L130 steel, (2) the coatings must be capable

of being eslectrodeposited.

The practicel gelvanic series of metals and alloys shows that, of the
metels wnich can be electrodeposited from aqueous solutions, there are oniy
three expected to be more active than iron. These threc metals are zinc,
oadmiuvin, and manganess.

This limited the search to alloys of oadmium or zino, and pure mangsnese
and its alloya. In order to keep the problem from becoming too complex, the
study wes further limited to binary alloys.

Although climatic oonditions veary in the “tropies™, the common denomi-
netor was the daily cycle of mojsture condensation and dryirg. In accelerated
laboratory tests made to simulate those conditions, pure mangemese coatings,
zinoetin-alloy (20-80) coatings, and manganese-zinc~alloy (50-50) coztings
showsd pramise of being supericer to 2ino and possibly aiso to cadmium,

This report telle what heppenad when panels plated with these experimens
tal ccatings wers exposed outdoors &t the inland site of the Bettelle North
Floriadas Ressarch Station, Daytone Beach, Floridsa,.

)
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SURLARY

St

Of the throe sxperimental coatings tested at the Batiolle North
¥loride Researsh Station, only the zinc-tin-alloy ocoatings of O¢3. and
Oe5=mil thicknsssss offered protection squal to the zino snd cudmiuvm
gheudard coatings. Becauvzs the test was disconiinuved aftoer supronimstaly
21 months' exposure, no conolusions om bse drawn as to whether o £ince-
tin 48 superior or inferior to 2ino and cadmium at thiz exposure site.

Zino-tin-alloy coatings of O.l-mil Lhickmess were infesrlior 9 hoth
gino and cadmium coatingzs of like thickness,.

Pure-manganese and manganese-sino-alloy ocatingas failed rapidly.
A 0.5-mil oocating of elther cno was somewhat inferior to 0.l mil of gins,
and was not nearly so good as 0,1 mil of osadmium,

The preparation of the test panels is described in detail in the
roport.

AVLR OG22 Svaopi
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Thres thicknesszy weve tested for 2ach expevimaenial coating: 0.1 ml,
0.3 mil, and 0.5 mil, There were four 4 x beinch vanels for each thicks
ness. For the three experimental coatinge, this added up to 34 panels,

As standards of comparison, panels coated with pure zinc¢, chromaled
zinc, and cadmium were exposed sunuitancousiy, They werc also prepered
in the three thicknesses, and there were four panels for each thickness,

Thus, there were 36 standard panels, making a grand total of 72 panels,

Each of the 72 panels comprised a '"four=-in-one'' test; that is, each
panel had four significant areas which were obeerved separately during the
test period,

The surface facing the sky (the panels were nmiounted on ASTM racks
at an angle of 30° from the horizontal) is referred to as the top, and the
eurface facing the ground is referred to as the bottorn, Each of these two
surfaces had a 4 x 4-inch area which was unmarked, and a 2 x 4-inch area
which had two intersecting, diagonal scratches (see Figure 3 in Experimental
Work section). The coatings were scratched in order to determine the degree
of sacrificial protection given to the undcrlying steel. The scratches were
:nilled to a width of 0.00¢& inch and a depth sufficient to expose the underlying
steel,

In the tabulated results, found in Appendix A, four symbols are used
to designate the four areas, T refers to the unmarked portion of the panel
that faced the sky, TX refers to the scratched por.iuva of the panel which
faced the sky, B rcfers to the unmarked portion of the panel which faced
the ground, BX refers to the scratched portion of the panel that faced the

ground,

During the first four months, the panels were examined semimonthly,
after that they were examined monthly,

The arrangement on the exposure rack is shown in Figure 1,

Each panel was notched according to a code illustrated in Figure 3
in the xperimental Work section,

i SAoR Supel h
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In addition io the regular Laboratory Record Book entries, Kodachrome
slides were made of the panels during exposure. These were made after 6
morths, one year, and 21 months, Two sets were made each time, One
set was retained by Battelle, the other was sent to the project engineer at
Wright Field, The slides were marked according to the numerical arrange~
ment given in Figure 1,

The tests commenced May 17, 1951, and were discontinued on Feb-
ruary 27, 1953,

The sole criterion for judging the protective value of the experimental
coatings lies in how they compare with the zinc or cadmium coatings,

Zinc-Tin=Alloy Coatings

For the iwenty-cne months that the panels were tested, the 0,3 mil.
and 0,5 mil zinc=tin~alloy ccatings protected the underlying steel as well
as the zinc and cadmium standard coatings of like thicknesses,

The 0.1=mil zinc-tin-alloy coatings were much inferior to the zinc
and cadmium coatings of this thickness. The bottoms showed considerable
rusting after two months {see Table A~1, Appendix A). Table A-2, Appendix
A, shows that, after four months, rusting was severe,

The observation here, that thin coatings of zinc-tin alloy fail rapidly,
confirms the findings of other observers, The thin ccatings are probably
more porous than thicker coatings,

Zinc-tin-alloy coatings confer about the same amount of sacrificial
protection on steel that cadmium coatings do. This was shown by the early
appearance of rust in the scratches. Rust waus present to approximately
the same extent in the scratches of the cadmium coated paneis, Corrosion-
current-density measurements were made several years ago when the
laboratory phase of this work was in its early stages. Zinc=-tin {20-80) had
about the same static potential as pure zinc, Yet, when coupled with bare
steel, a smaller current flowed in the cell containing the zinc=tin alloy,
This is because the zinc-tin alloy polarizes to a greater extent than pure
zinc, thus accounting for the lower degree of cathodic protection,

It is not recommended that zinc~tin coatings as light as 0,1 mii be
used, Since the testing of the 0, 3-mil and 0.5-mil coatings was discontinued
before they had failed, no conclusions can be drawn concerning their relative
effectiveness as compared to zinc or cadmium,

LPIR 5692 Supnl U 5



Pure-Manganease Cortings

Pure-manganese coatinga were inferior to zinc or cadmium coatings,
Reference to the cumulative data tabulated in Appendix A shows that 0,1 mil
of either zinc or ¢admium was better than 0.5 il of manganesz,

The manganese coatings failed largely due to undercutting (this was also
true of manganese-zinc=-alloy coatings). The point of weakness was the inte: -
face between the coating and the steel, The rust spread iaterally beneath the
coating, prying it loose, After the coating flaked off, rusting proceeded
rapidly,

The degree of sacrificial protection given by manganese zostings is
difficult to determine., Manganese corrosion pioducts formed in the scratches,
but, being brown, they masked any iron corrosion products which formed,

Any sacrificial protection offered by manganese was not of long duration, be~
cause of the rapid oxidation of the manganese, The corrosion products were
cathodic to steel and this may account for the undercutting which was
obeserved,

Manganese-Zinc=-Alloy Coating )

The manganese-zinc-alloy coatings were formed on the steel by plating
manganese on the steel, plating zinc over the manganese, and then heating
8o as to cause diffusion., Details are found in the Experimental Work section.
The composition of the coating approximated 50Mn~50Zn (weight per cent),

Manganese~-zinc showed the same failing at the baeis metal-coating
interface that pure manganese did,

The manganese-zinc-alloy coatings were also inferjor to zinc or

cadmium ccatings., Zinc or cadmium coatings of 0.1 mil were superior to
the 0.5-mil manganesc~-zinc coatings,

AFIR 5692 Suppl L 6



EXPERIMENTAL WOKK=

Preparation of Exposure Panels

General
O, S s e R

The SAE 4130 steel on which the experimental and standard coatings
were plated measured 4 inches x 18 inches x 1/32 inch as received. Be-
cause the larger size facllitated polishing and buffing, these operations were
completed betore cutiing ihe sicel tc the 4 2 b=inch aize,

The large panels were cleaned in 8 hot, alkaline, soak cleaner, They
were then polished on 240~grit, subatantially new, emery belts, The final
finishing was done with a sisal buff (Tempico wheel), which produced a finish
about equivalent to & 300 grit, The psnels were then cut to the 4 x 6~inch
size, care being taken not to mar the surfaces, The cut panels were stored
under kerosene until ready to plate,

A "robber' type rack was used for plating the panels (see Figure 2).
It was formed by bending 1/8 x 1-inch hot=-rolled, plain-carbon steel into
a rsctangular frame measuring 6-1/2 inches x 4~1/2 inches, inside dimen-
sions. The butting ends cf the frame were welded together. As shown in
Figure 2, the steel panel was supported within this frame by three contact
points. Two of them were located on the inside of ths lower 4-1/2-inch side.
The third was a spring clip located on the upper 4-1/2«inch side. A 1/4-inch
rod was brazed, end on, to the outside of the upper 4-1/2-inch side. The rack
was suspended in the plating bath by this rod, which in turn was fastened to
a reciprocating or to a stationary work rod.

The dimenszions of the rack were determined cxperimentally as those
giving uniform plate distribution. A slight modification of the rack was
necessary in o-der to get uniform distribution when plating manganese. The
one-inch strip of ihe "robber" was narrcwed to three-quarters iach, and four,
1/4~inch nol=s were drilled in 1:e top strip to allow gas to escape. Smal
defects in the plates occurred at the three points of contact with the rack.
'They were lacquered ta eliminate thern as foci of corrosion,

Tharee coating thicknessges, 0.1 mil, 0.3 mil, and 0.5 mil, were pre-
pared ior each type of coating, and ihere wers {our panels for ench thickness.
The Magne-Gage** was used for determining coating thicknesses. A tolerance
of =10%, relative to the nominal thicknesses given above, was allowed. A
magnet was especially calibrated for measurement of manganese coating
thickrneeses. The method i2 described later in thi2 sectior under Mangrnese
Pleting.

? Bl Labotatyy Becotd book de. G361, pp 64 Hi. and No, 8083, 5p 1-88,
* Amezioen Inatrrment T, Stiver Spring. Marylead,

7
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Identification of the type of coating and thickness was made on each
panel by a series of V notches cut in the edge of the panel prior to plating,
The code used is explained in Figure 3. The observer is looking at the top
(side which faced the sky during the test) when the coating code notches are
at the upper left and the thickness code notches are at the upper right.
Figure 3 also shows the position of the scratches or scribe marks, The
latter were made after the panels were plated, They were cut accurately
on a milling machine to a width of 0,006 inch and a depth sufficient to expose
the underlying steel, The milling was facilitated by use of a specially pre~-
pared jig, The diagonal cuts were made on each side of each panel,

Zine Pleting_

The zinc plating on those panels having zinc alone was done from a
cyanide~type bath, The composition of the solution and the conditions for
plating are given in Appendix B,

Cadmium Plating_

The cadmium plating was done from a proprietary cyanide~type bath,
The composition of the solution and the conditions for plating are given in
Appendix B,

Man&anese Plating_

Sound, lustrous~-gray deposits of manganese were obtained from a
sulfate=-type bath containing large amounts of ammonium ion and a very
small amount of sulfite, The bath composition and plating conditions are
given in Appendix B,

A calibration curve for the measurement of manganese plate thickness
was not available, A calibration was made by first testing the thickness
magnetically, and then, using exactly the same spot, measuring the true
thickness of a microsection with a microscope, The magnetic values were
plotted against the true values to obtain the curve,

Zinc-Tin=Alloy Plating

The zinc~-tin alloy was deposited from a cyanide-stannate bath developed
by the Tin Research Institute in England*, The alloy had a nominal composi-
tion of 80% tin and 20% zinc,.

;-J-. Elecrrochem Soc., 94, 713 (1048).

AFPR 5692 Suppl L 9
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Coding
A= Zinc C = Manganese 1= 0.0 mil
A+C=Zinc + chromate A+Bz Zinc-tin 2= 0.3 mil
B= Cadmium B+C = Manganese-zinc 3205 mil

FIGURE 3. SCALE DRAWING OF TEST PANEL SHOWING CODING SCHEME FOR
IDENTIFICATION AND LOCATION OF DIAGONAL SCRATCHES

AFTR 5602 Svppl L .0



Both composition and plating conditions are given in Appendiz B,
There is also a note regarding the importance of using high~purity nedinum
stannate,

Manganese -Zinc=-Alloy Diffusion Process

The mﬁnganele-zinc-alloy coatinge were prepar=d by heat treating
manganese=zinc duplex coatings so as to cause interdiffusion of the two

elaments,

Mangenese was plated dirsctly on the steel from the regular manganese
bath, A very dilute zinc :venide bath was then used to place & zinc strike
over the manganese plate, The balance of the zinc was ilicn deposited over
the strike from a special acid zinc~plating solution,

After plating, the panels were placed in a ccld blower=-type furanace,
The temperature rose to 600 F in one hour and twenty minutes., The fur=-
nace was held at this temperature for six hours, The panels were furnace
cooled to room temperature in 6-1/2 hours,

Chromate Conversion Coatings

The chromate conversion coatings were formed by the Cronak¥* pro-
cess on 12 of the zinc~coated panels, Details of its use are given in
Appendix B,

The Qutdoor Exposure Site

The panels were miounied on standard ASTM racks at the inland site
of the Battelle North Florida Research Station, Daytona Beach, Florida,.
This site is approximately two miles from the Atlantic Ocean, Salt spray
is essentially nil and a heavy dew occurs nine cut of ten nights.

The racks faced south and were elevated 30° from the horizontal,

® New Jeney Zinc Co., U. S. Pawent 2,035, 380.

AFI'R 5692 Suppl L



AFPENDIX A, CUMULATIVE RESULTS OF OUTDOOR-EXPCSURE
TESTS FOR EACH TWO-MONTH PERIOD

AFTR 5692 lupsl [ 12



TASLE A-1, CUMULATIVE RESULTS OF OUTBOOR-EXPOSURE TESTS
AFLER 60 DAYS® EXPOSURE(D
Coatjng(z) Szcoton
Type  Thickness of Panel® Description of Corzosion
Mn 0.1 T Scattered pin-golat rusiing throughout; very numearows pin poine of
susi on vertical edzges
TR Nunerous ple points of rust
B Small area of rust o 1~wer left comers of all 4 specimens
BX Numerous pin point of rust on 1 specimen; » few pin points on 3
speolines
Zn 0.1 T No ruet
X Very slight wace of rust in scratches; scratches mostly filled with
white corresion products
B No nst
BX Same g2 TX
Mn-Zn 0.1 T No rust on 2 panels; iracz on 2 panels
TX A few nst pin poinm on 1 panel; rust traces in scratches on 3; 3 panels
show small rusted ares
3 One pin point and a few umall rusted areas
X Same a: B
Cd 0.1 T No rusi
X Slight scaniered traces of rust {n scratches
B No st
BX Same as TX
Zn-Sn 0.1 T Several pin points of rust
TX Panel 1 shows 1% rusi; pancl 2 shows 2% rust; panels 3 and 4 show 4%
rust
B Pin-point rust covers 80%, 40%, 20%, and 3%, respectively
BX Rust spreading from scribes
2n(Cr) 0.1 T One small area of rust on each of 2 specimens
X Same a3 T
b No rust
BX Traces of rwst in scratches
Mn 0.3 T No rust
TX One pin polnt of ruer visible afe=r 18 days; no longer visible after 80
days
B NO rust
ihd Yo st
S 0.3 T HNo rust
TX No rust; whiie coirosion product In scribes
5 Ho nist
Bx No rmmt; white corrraron prodipen in seribes

AFTR 5692 suppt L
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TABLE A-1. {(Contmmued)

— Qg}_{r_{g@) Section
Xypz  Thickness of Panel(?) Descripton of Corrcaion
Mn-2a 0.3 T No rust
X Very slight trace of rust In scratches after 18 days; no longer visible
afrer 60 days
B No rust
BX No ruse
Cd 0.3 T No rusc
TX Slight wace of rust in scratches
B No rust
BX Scattered traces in icratches
Zn-Sn 0.3 T No rust
TX Traces of rust {n scratches
B No rust
BX Traces of rust in sctatciies
Zn(Cr) 0.3 T No rust
TX No rust
B No rust
BX Few maces of rust in scratches; white corrosion products in scratches
Mn 0.5 T No rust
X No rust
B No rust
BX No rust
Zn 0.5 T No rust
TX Poasible mace of rust in scratches; white corresion producs in scratches
] No rst
BX No rust; whiie corrasion products in scratches
Mn-Zn 0.5 T No rust
TX Powible alight races of rust in scratches
B No rust
BX No rust
Cd 0.5 T No rust; 1 pin-point blister on each of 2 specimens
TX Numerous uaces of rust in scratches; several tiny blisters on 1 specimen
8 No rust
X Rust o scraiches for about 60% of lengih
Zn-Sn 0.5 T No rust
TX Traces of rust in acratches for about 5% of length
B No rust
BX Slight e ce2 of rust in scratchies for about 25% of length

AR 5892 Suppl L 1h



TABLE A-1, (Continued)

Cmu.ngm Section
Type Thickoess of Panei(® Description of Concsion
2Zn{Cr) 0.5 T No rusg
TX No rust
B No rust
BX No rust; trace of white corrosion products in scratches

(1) Test started May 17, 1851,
(2) The thickpess wslues {0,1, 0,3, 0.5) are in terms of mils, One mil = 0, 001 inch,
3) T = Unmarked portion of panel which faces sky,

TX = Scrétched porton of panel which faces sky,

B = Unmatked portion of panel which faces ground,

BX = Scraiched portion of panel which faces ground,

AFPR 5692 sSuppl L 15
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Footnotes for Table A-T,

(1) Test started May 17, 1951,

(2) The coating-thickness values (0.1, 0,3, and 0,5) are in terms of
mils, One mil = 0,001 inch.

(3) T = Unmarked portion of panel which faces the sky.
TX = Scratched portion of panel which faces the sky.
B = Unmarked portion of panel which faces the ground.
BX = Scratched portion of panel which faces the ground.
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TABLE A-9, CUMULATIVE RE:ULTS CF CUTDOOREXPCSURE TESTS AFTER 18
MONTHS' EXPOSURE(Y)
L
Coating
Thickress, Section
Type mit{e) of pmcl(s) Description of Corrotien
Zn 0.1 T All panels have a uniform gray-white fllm of cotrosion products with
innumerable pinpoint to pinhead spots of hesvier white corrosion
products, One panel has no rust, two panels each have g wace of
scateerad pinpoint to light rust ar tep edge, the fowth panel has a
1% area at top edge showing scatiered pinpolnt w light run
TX Three panels have 3%, 8%, and 12%, reipectively, of thelr surfaces
showving scattered pinpoint t5 moderate rust; general appearance
same a3 T
B 1%, 3%, 5%, and 35%, respecdvely of the surfaces of four panels
showing moderate to hedvy rust
BEX 15%, 20%, 35%, and 30%, reipectvely, of the surfaces of four panels
thowing moderate to heavy rust
Cd 6.1 T o rust
TX Blight scatterad oacqs of rust in scratches
B NO 1ut
BX Slight scattered traces of rust in scratches
Zn(Cry 0,1 T No rwy all pansli have varying amounts of pinpoint to pinhead ipots
of whita corrosion producn
TX 2%, 1%, 50%, and §0%, reapectivaly. of the sutfaces of four panels
have moderats to heavy rust
B No rust
BX 3%, 12%, 35%, and 35%, respecudvely, of the nufaces of four panels
have molerate o heavy rust
Zn 0.3 T Small ares of pinpoint rust on cne panei; all panels have uniform
gray-white corrotion products over entire surface, with innumetable
rmictoscopic to pinhead spou of white corrosion produca
TX Fairt brown stains aleng lower edges of ail four panels; giay-white
&rd white corrosfon products; same a> 7
B No rust
BX No rusi; white coirotion products {n icratches
Mii-Zn 2.3 T §Fb, 5%, 88%, 80%, respectively, cof surfaces of four parels
covered with thickly clustered pinpoint to 2=millimeter rust spous
TR 5692 Swrl 4 Ll



SE (Continaed)

pT

TABLE

Coatng
Thicxness, Section
Type mi(®) of Panel®) Description of Corrosien
TX i00% of surfaces of ail four panels rusting
B §0% of vne panel, and 100% of three remalning panels have rust
breaking through coating or undercutting coating which has lost
achesion
BX 95% of one panel, and 100% of three remaining panels have rust
breaking tirough coating or undareutting coating which ~as lost
adheson,
Cd 0.3 T No rust
TX Slight trace of rust in scratches
B No rust
BX Slight vace of rust in scratches
Zn-5 9,3 T No rust
TX Traces of rust in scratches
B No rust
BX Slight vace of rust in scratches
Zn(Cr) 0.3 T No rust; scattered pinpolnt specks of white corrosion products ajong
TX lower edges of all panels; a few scattered large white spots else-
where on all panels
B No rust
BX Few maces of rust in scratches; white coirosion products in scratches
Mn 0.5 T 10%, 63%, 95%, and 95%, respectively, of coaungs on four parels
have flaked off and the exposed steel is rustirg
X 15%, 40%, 20%, and 50, respectively, of coatings on four paneis
have flaked off arnd the exposed steel is rusting
B 3%, 8%, 12%, and 40%, respectively, of four paneis have rust
(modtly along cdger) undercutung the coating or where ccating has
already flaked off
BX 10%, 12%, 16%, and 15%, respectively, of four panels have rust

(mostly along edges) undercutng the coating or where coatlng has
already flaked off

Ly



% T

TABLE A-3, (Continued)

Coadng
Thickness, Section
Type mu®) of pural™ Description of Corrcsion
Zn 0.% T No rust
X Pomible maces of rust {n scratches; white corrosion peoduct in scratches
B NO ruit
BX No rust; white corrosion procuct in scratchat
Mu=Zn 0.8 T 18%, 1%%, 38%, and 100%, respectvely, of the coadngs of four panels
elther flaked off or being undercut by run
TX 85%, 80%, 100%, and 100%, respectvely, of the coatings of four parels
elther flaked off or being uncercut by rust
B 90%, 95%, 95%, and 95%, respecuvely, of the coatngs of four panels
either flaked off or being undercut by rust
BX 100% of the coatings of a1l fow panels elther flaked off or being
undercut by rust
Cd 0.5 T No rust; one pinpoint blister on each of two parels
TX Numerous waces of rust in scratches; several tny blisters on one panel
B No rust
BX Rust in scraches for about 50% of lengths
Zn=%n 0.5 T No rust
TX Traces of rwst in scratches for about 50% of lengths
B No rust
8% Slight waces of rust in scratches for about 25% of lengths
VAL (84 U.5 T No rust
TX No rust
B No rust
BX No rust; trace of white corrosion product i scratches
(1) Teststarted on May 17, 1851

(2) The coating thickness vaiues (0,1, .3, end {.5) are it terms of rails. One mi! = 0. 651 inckh.
(3) T = Unmarkec portion of pane! which faces the sky.

TX » Scratched porton of parel which faces the sky.

B = Unmarked porticn cf panel which faces the ground,

_B}g W ycratched portion of parel which faces the ground,

LTTR G652 Jupp. 4
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TABLE A-10. CUMULATIVE RESULTS OF OUTDOOR-EXPOSURE TESTS AFTER 20
MONTHS' ExpOsUR:(D)

ELe e L e PR SR Y L S LI - Ay, e

Coatirg
Thickness, Section
)
Type mil of Fanel

(3

Description of Corrosion

Zn 0.1 T All panels have a uniform gray *white film of cotiosion ptoducts with In=
numerable pinpoint lo pinnead spots of heavier white corrosion products,
One panel has no rust, two pznels each have & trace of light to modetate
tusl &t top edges, and the fourth pancl has 1% aiza 2t top edge showing
light to moderate rust

TX Two panels have no rust, two panels have 8% and 1%, respectively, of
their surfaces showing light to moderate rust; general appearance same
as T. See text for explanation of apparent discrepancy between data of
this report and those of Tenth 3imonthly Progtess Report

B Fh, 6%, 10%, 40%. respectively, of the surfaces of four panels showing
light to moderate rust
BX 15%, 25%, 30%, 40%, respectively. of the surfaces of four panels showing
light 1o moderate rust
Cd 0,1 T No rust
TX Slight scattered trace: of rust in scratches
B No rust
BX Slight scattered traces of rust fn scratches
Zn(Cry 0,1 T No rust; all panels nave varying amounts of pinpoint to pinhead spots of

white corrosion products

T ¥b, 12%, 50%, and 50%, respectively, of the surfaces of four panels have
moderate 0 heavy rust

B No rust

BX 5%, 12%. 3%%. and 35%. -espec:ively, of the surfaces of four panels have
modctate to heavy rust

Zn 0,3 T Small area of pinpoint tust <~ one panel; ali pancls have uniform gray-
white cortosion producti »-er entire sutface, with innumerable microscopic

to pinhead spots of wint: <orrosion products

TX Faint brown stains along lower edges of all four panels; gray-white and
white corrosion producty; general appearance same as T

B No rust

BX No rust; white corrosion products In scratches

ARTR 5692 _uppl 4
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TABLE A-12. (Coniaued)

Coazng
Thickness,

Type mi} (2

Section

of P.lnel(s)

Description of Corrotion

Mn+Zn 0.3 T P75, 5%, 6%, and 100%, respectively, of the suzfaces of four panels
covered with thickly clustered 1= o 3-mm rust spots
X 100% of surfaces of 11l four panels covered with thickly clustered 1- to
3-mm ruit spots
B 100% of wrfaces of all four panels have moderately heavy rust breaking
through coating ot unaercutdng coating
BX 100% of surfaces of all four panels have moderately heavy rust breaking
through coating or undercutting coating,
NOTE: The 0, 3-mil manganese-zinc-coated panels were removed
from the test tack on January 18, 1953
Cd 0.3 T No tust
X Slight trace of rust in scratches
B No rust
BX Slght trace of rust {n scratches
Zn-sn 0,3 T No rut
TX Traces of rust in scratches
B No rust
BX Siigiit wace of rust (n sczatches
Zn{Cr) 0,3 T } No rust; scaite 'd pinpoint specks of white corroslon products along lower
™ edges of al' 4nels; a few scattered large white spot: elsewhere on all
panels
B No rust
BX A few traces of rust in scratches; white corroson products in scratches
Mn 0,8 T 1%, T5%, 9P, and 37, respectively, of coatings on four paneis have
fiaked offand the exposed steel {1 rusting
TX 20, 50%, 9%%, and 95%, respectively, cf coatings on four panels have
flaked off and the exposed steel {s rusting
B 10%, 10%, 15%, and 40%, respectively, of four panels have ruzt (mostly
along edges) undercutting the coating or whe:e coalng has already
flaxed off
TR 5632 Zuppl 4 L&



Coatirg

Thickress, Secton .

Type -mil(z) of Pane1 (%) Description of Corrosion
Mn BX 1%, 25%, 25k, and 30%, respectiveiv. of four panels have rust {mostiy
along edges) undezcutting the coating or where rust kas alteady f{laked off
in e.5 T No rust
X Possible traces of rust in scratches; white corroslon products {n scratches
B No ruit
BX No ruet; white corrosion ptoducts {n scratches
Mn-Zn 0,8 T 1%, 25%, 8%, and 100%, respectively, of the coat{ngs of four panels
either have flaked off or are befng undercut by rust
TX 8%, 90%, 100%, and 100%, respociively, of the coatings of four panels
efther have flaked off or are being undercut by rust
B %, 5%, 100%, and 100%, respectively, of the coatings of four panels
either have flaked off or ate being undercut by tus
BX 100°% of the coatings of all four panels either have flaked off or are being
undereut by rust
Cd 0.8 T No rust; one »inpoint blister on each of two panels
T Numerous maces of rust in scratches; several tiny btlisters on one pane]
B No rust
BX Rust in scratches for about 60% of lengths
Zn-sn 0.8 T No rust
TX “.aces of rust in scratches for about 50% of lengths
B No rust
BX §light traces of rust in scratches for about 2%% of lengths
Zr({Cr) 0.5 T No rust
TX No rust
B No rust
BX No rust; traces of white corrasion prodic’s {n scratches
. S —— acaaa » CarraT—

Footnoies appzar on the following page,

AFTR 5692 Luppl 4
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Foctnotes for Table A-1C

(1) Test started on May 17, 1851,
(2) The coating thickness values (0,1, 0,8, and 0,5} ate in termsof mils, 1 mil =0, 001 inch,

{3) T = Unmnarked portion of panel which faces the sky,
TX = Scratehed portion of panel which faces the sky,
B = Unmarked portion of panel which faces the ground,
BX = Scratched portion of parel whieh faces the ground,

gl



APPENDIX B, DETAILS OF PLATLIG AND CLEANING
PROCEDURES USED IN PREPARING PANELS FOR
TIIE OUTDOOR-EXPOSURE TEST




APPENDIX B

Cleaning_

After removing the panels froin the kerosene in which they were
stored, they were degreased in hot trichloroethylene vapors. Following
degreasing, they were cieaned cathodically in Anodex® for 3 minutes at 50
asf{ and 200 F, brushed with hot Anodex solutinn, and then given an additional
minute of cathodic cleaning, After rinsing, they were dipped in 6N HC]
solution (70 F) for 30 scconds,

Zinc Plating

The zinc-coated panels and the zinc-plus-chromate coated parne.s
were plated in the following solution:

Zn(CN); 90 g/i
NaCN 37.¢ g/l
NaOH 53 g/l

Temperature: 100 F

Current: 10 amperes®s
Ancdes: Horsz Head Special Zinc enclosed in cotton bags

Plating Tiines:

0.1 mil 5 minutes
0.3 mil 17, 5 minutes
0.5 mi!l 28 minutes

Cadmium Pla.tirbg_

Cadolyte Single Saltess 120 g/1
Temperature: 3CF

Current: [0 amperes

Anodes: Steel

Bath was continuously filtered,

*McD2emild. Inc., Waterbary, Connecticut,
®[n this and 21l other plating, the curreunt it that per 476" paisl plus i “robbet-type’ rack,

ewThs Udyliss Corparation, Deumoit 11, Michigan,
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Plating Times:

0.1 mil 4.7 minutes
0.3 rail 16 minutea
0.5 mil 25 minutes

Mang_gpgse Plating_

MnSO4. H,0 40 g/!

(NH) 50,4 135 g/1

Na 50, 7H,0 0.5 g/l
Temperature: 10CF

Current: 310 amperes

Anodes: Carbon rods in porous Alundum cups

Anolyte: (NH,),SO, 135 g/l

PH: 7.5

Plating Times:

0.1 mil 3.5 minutes
0.3 mil 11l minutes
0.5 inil 19 minutes

Manganese-Zinc Duplex Piating

The steel panels were first plated with manganese, using the
manganes¢ bath which has becn described.

Zinc could not be plated directly on electrodeprsited manganese from
the ordinary zinc baths, so a special striite solution was davised, Its

composition is as follows:

Zn(CN), 5to 7.5 g/1
NaCN 5 g/l
NaOH 5 g/1

Temperature: 80 F

Current: 30 amperes
Anodes: Stainless steel

AT TG e =
Adarl SohE SUTDA L 3%



In using the strike solution, the manganese-coated panci must be
immersed with the current on,

After the strike coating, the balance uf the required zinc was
deposited fro n a special acid-type zinc solution develcped here for other

applications, Since the manganese-zinc cusating did not perfc . m well in
exposure tests, reiease of inforrnation on the zinc deposition is not nceded,

Plating Times:

Time, minuies

Tota. Zinc Zinc
Thickness Manganese Strike Plate
C. 1l mii 1.175 1.0 1.5
0.3 mil 5.5 1.0 4,7
0.5 mil 9.5 1.0 8.3

Zinc-Tin-Alloy Plating

The bath used for plating the zinc-tin allcy has been dezcribed by
Cuthbertson®, Its composition ia as follows:

Tin (as sodium stannate)s® 30 g/1

Zinc {as zinc cyanide) 2.5 g/l
NaQOH (free) 4tc 6 g/t
Total cyanide (as NaCN) 25 to 48 g/l
Free NaCN 17.5 g/1

Temperature: 140 F
Anodes: Cast 20% zinc-80% tin alloy

Current: 15 amperes

*]. Electrochern, Soc,, 24, 73 (1344),

®High puriry suannate is essendal, The usual commercial material was not pure enough, Material of suiuable
Quality was obtained fem Metal and Tnermit Corp., Rahway, New Jeisy, and J. T. Baxer Chemical Ce.,
Phidipsburg, New Jersey,




The bath should be made up as {oilows: f{1ll the container to two-
thirds of its volumme with water, preferably distilled or deicnized scftenci,
and heat to 140 F, D:sscive the NaCN, NaOH, and 4rn(CN),, in that order.
Finally, add the sodium stannaie. Anaiyze the solution and adjus! the
components, It is well to hold the bath at temperature for 2 to 3 days belure
plating.

Chromate Ccating on Z:nc Plate
el

The Cronak® process was used to produce & chromate ecnvers;on
coating on 12 of the zinc=coated peneis,

H,504 {Cone,) 10 mi/l
Na,Cr,05 200 g/}
Temperature: 70 F
The eincrcoated parels vere :mmersed wet {or i0 to 15 seconds

with slight agitation, removec, drained for 15 to 20 secaunds, rinsed in
70 F water, then in 150 F water, anc finally dried,

ABT:JEB:GS:CF:CLF/mas/pjs/nlk
March 18, 1951

®New Jersey Zinc Cn, . U, S Patert 2, 6035, 3380,
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