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EVALUATICN OF THE DCW 17 TREATMENT FOR MAGNESIUM ALLOYS

SUMMARY

The operating parameters for the Dow 17 surface treatment of magnesium
alloys hnave been determined, The thickness of Dow 17 coatings can be

satigfactorily controiled from the thickness-time relationship at
specific current densities,

The cleaning effect of Dow 17 has been coapared with that of fluoride
anodising, The results obtained were not cons:istent, but suggested that
no significant deleterious efrext would result irom substituting a

1,0 mil thick Dow 17 treatment for fluoride anodising, chromic acid
stripping and chromating.

Various thicknesses cf Dow 17 pretreatment have been coumpared with
standard DTD 911C pretreatment, The assessment included corrosion
tests on the various pretreatments with surface cealing, painting
to DTD 558¢, and a full DTD 911C procedure, The results indicated
that Dow 17 pretreatments in excess of 1,0 mil thick, were as good
as the DTD 911C pretreatment,

The effect of various thicknesses of Dow 17 ccatings on the fatigue
strength of ZwW3 and R23 alloys has been determined under rotating

bending conditions. Sigaificant reductions in the fatigue strength
of ZW3 were observed with increasing thickness of Dew 17.

However,
comparable reductions were not observed with R25,
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1. INTRODUCTION

At the time of imceptivn of the work descrited ian this report (May 1968)
the UK. arrcraft danstry was increasingly wndertaking joint projects
with otner Buropean manufacturers, and an increasing nuwslher of Arerican
built, or American designed aircraft or components were being used, As
a r¥sult, the fow 17 process, widely used in the (,§,A, and Eurcpe, was
assuming increasing importance in the UK,

Various uvsors adopted different conditions for the Dow ;7 treatment, and
no comparative studies of their effectiveness as pretreatments had been
made, In particulzvr, no direct comparison had been mads “etween Dow 17
pretreatmenvs and fluoride anodising followed by stripp.og and chroasting,
as required in D 91iC,

The purpose of this investigation wus to study the Dow 17 process and
evaluate the coating in comparison with equivalent curreantly used
nretreatments, The following main areas were investigated;

{a) Irvestigation of operating parameters of i{he Dow 17 bath,

{Iry Comparison of Dow 17 treatments with the DD 911iC required
pretreatment.,

{c) Comparisou { various currently used protective systems basad
on Dow 17 with DTD $11C procudnre,

(d} Comparison of fatige prepartizs sfser Dow 17 treatments,

Frequent reference is made iircughout this report to the thiclness of
Dow 17 flims, Film thicinesses were obtained by nicrométer measurement,
and are actually increases in dimension, The true {ilm thicknhesses
would be gsomewhat greater due to inward growth «f the {ila, The term
“thickness" is used, however for simplicity.

2. _INVESTIGATICN GF QPERATIMG PARAMETERS OF DOW 17 BATH

2.1 INSTALLATION AND PREPARATION OF BATH

A Dow 17 pilot plant with an electrolyte capacity; of 58 gallions was
desigred and installed, The pl.nt cunsisted of a mild stzel tank

with oxternal e}ectrical heating cnils (12 Kw) and & thermostat,

As the tank coald not be earthed during operatioa it was surrounded

by 8 wooden guard, with removeable 1i3 operating a safety cut-out on
the anodising aand heating circuits, A 40A aute-transiormer supplied
the apodising current via 14 ins, dia, aluminium bus bars toc the
electrod. jigs. The electrode jigs were made in magnesiusn alioy after
iniiial trials showed Dural jigs to cause variations in current density
bet{ween paneis oa the positive and negative electrodes,

As the Dow 17 proo~ss operated in the temperatuvve range 70 ~ soaC,
and evolved JIF fuzes, evaporation from the surfegce of the bath was
minimised by a layer of “Allplas" 20 mm. dia, hollow plastic
gspheres, Fume sxtraction equipnent was also provided above the dath,
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56 galions of eluctrnlyie were made up to the following formulation
in tap water.

Ammoniunt 8ifluoride (NH4HF°) 249, w/v
sodiee Dichromate (NaQCr207.2890} 10% w/v
Phosphoric Acid (B5% Hapod} % v/v

2.2 EXPERIMENTAL DETAILS

2.3

2.%2.,1 Establishment of Parameters

2%3 (BSL 5043 alloy panels, dimernsions 4 ins, x 2 inz, were used
for initial trials to establish operating conditions, Thre
composition of ZW3 and other slloyvs used in this evaluation are
given in Table 1, The Z¥W3 phne.s were degreased. cleanert in
boiling 207 chromic acid, then given a }J0 second pickls i1 ¥
aitriec acid before anodising,

Panels were anodised in the range 20 to 50 A/ftz {calculsted

on the area of one electrode) using AC supply for times un

to 30 mins, Voltages attained at the eni of treatments w-re
noted, amd micrometer weasuraments on panels pefore and afier
treatment indicated the inecrease in dimensicns due to aaxdising,
The relationship between the various paramefe:rs was then
determined,

RESULTS

2.3.1 Thickness of Coatings

Ti:e relationship between thickress and time could be interpreted

as approximately linear up to 2 mils (2,002 ins,), For thicknesses

in excess of 2 mils, particularly that produced at high current
densities, the thickness Increased more rapidiy with time, (see
Fig. 1'. As would be expected, a greater rilm thickness was
obtain=d for a pgiven time with increasing current density,

The plot of thickness again3t terminal veltage in Fig, 2 showed
that a2 rapid increase in thicknese occurred 2t termiral voltages
in excess of 100, particularly with higher current densities,
Higher current densities guve higher terminal voltages for
equivalent film build-up, although behaviour at 50 A/ft™ was
anomoious in this respect for lower {ilm build-ups. (Fig. 2)

Nee gimple relationship between thickness, current density and
terninal voltage could be seen,

The thickness of Dow 17 films up fto approximately 1.2 mil, could
with 2 little experiace be very accurately judged from the
colour of the films produced., The colour nof both sides ol each
sawple, and 21l samples from = baich of ireated samples, was in
every cage similar, indicating that the throwing power of the
treetment was exceptionally good.
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2.3.2 Anodising of fest Panels

Having established a2 relationship between f£ilm build-up and
anodising time at various current densities, batches of panels
were anodised with specific thicknesses Qf pow 17 for subseguent
tests, Batches were anodised at 30 A/ft“ on thn basis of data
showa in Figure 1, Actual thickness ranges obtained are shown
in Figures 1 and 2, The thicknesses were sligh:ly greater than
predicted by the earlier teats, and in addition the terminal
voltages were higher, These variaticns were probably due to
changesin bath compesition with increasing uzage,

2,4 DISCUSSION

From the zbove results, the most pronising method of contrelling film
thickness during snodising was by prediction from the thickness-time
curves at specified current densities (Figure 1), Dow literature
indicated that for a spacified alloy, the teotal ampere minutes
required was independent of current density. in Figure 2 thicknesses
wore plotted against total ampere minutes for all the irial rums
carried cut, Up to 1.5 mil, the relationship was approximatiely
linear, However, some variation with current density was evident,
and the use of the total ampere minute requirement alon® to proedict
film thickness was not thought to he sufficiently valid,

when the initielly determined film thickness-~time relationship at

30 A/ft2 was used to predict film thickness for subsequent batches
of panels (2.3,2.), actfual thicknesses produced were greater than
these predicted, This was attributed to changes in bath composition
with increasing usag?, Subsequent anodising work carried out in the
bath indicated that actual thickness had drifted to an even higher
ievel than those shown in Figure 1, In order to compensate for this,
the slope of the prediction lin» was increased empirically tc the
position indicated by a broken line in Figure 1, This was used
successfully in later anodising work., It seams likely that parameters
would have to be re-deterwmined for a fresh bath or for a scaled up

plant, but the present method has beea found adequate for small scale
worx,

COMPARISON OF DOW (7 TREATMENTS WITH DTD S11C PRETREATMENT

2.1 INTRODUCTION

The purpose of this investigaiion wns to compare variovus thickaesses

~f Dow J7 film with ptetreaiment in accovrdance with OTD 911C., The

Dow 17 ceatment had poiential advantages in that, given good cleaning
and corrosion resistant piroperties and compatability with stoved epoxy
resing, the single process cotld :aplace the rather lengthy, and more
expensive procedure of fluoride anodising, chromic acid stripping,
activation and chromating. The investigiation included the assessment
of the cleaning effect groduced by the application of various thicknesses
of Dow 17 film in comparison wilh flucride anodiging and the comparsion
of the corrosion resistance of surface sealed Dow 17 films with that

of the current DTD 2)1C pretreatment,
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3.2 COMPARISON OF THE CLEANING EFFECT OF THE DOW 17 TREATHMENTS WITH
1. PREINEAIRENT

-

3.2,1 Introduction

Two separate tests were carried out, In the first the cleaning
eifect of a 1,0 mil Dow 17 film was compared with fluoride
anodising on shot blasted A8 (BSL 122) alioy. In the second
test ZRE1L {BSL 126) and ZWl {BSL 507) alloys were used, and a
rarige of Dow 17 and fluoride anodising treatments were applied,

3.2.2. Experimental Procuedure

Test 1

The investigation was carried out using a single } ins. thick cast
A8 alloy plate, with a relatively smooth cast surface, 3 ins, x

3 ins. specimens were cut from the plate and heavily blasted on
both surfaces with steel shot, Quadruplicate specimens were then
given the following treatments;

1. Fluoride anodised 15 minutes atv 120 v,

2. As (3) then stripped in boiling 10% chrosic acid,
3., Dow 17 treated to give a nominal 1 mil per surface,
4., As (3) then stripped in boiling 10% chromic acid,

Specimens were weighed to ob* 1 the increase in weight due
to anodiging, and re-weighed ufter stripping,

Corrosion testing wag carried out in 3% sodium cklorjid- sslution
saturated with Mg(OH),. Corrosion rates were deternined after

2
76 and 414 hours,

Test 2

Four ZREl aslloy cast plates, 8 ins, x 7 ins., x iin. thick,

aad § in, thick rolled Z¥Wl plates were used, Both materials
were heavily shot blasted with st2el shot before cuttiing into
4 in, x 2 in, test parels, Panels were silecizd [or treatment
so tnat the whole range of pretreatments was carried out on
panels from 2 single plate, in order to prevent inaccuracies
resulting from differences betwseen plates,

Panels Zrom both alloys were given the following treatments:

{1) Untreated

- {2) 0.5 nil Dow 17
(3) 1.0 mil Dow i7
- ¢4) 1.5 mil uow 17

(5) Fluoride anodised - 15 mins, at 120 volts,

{6} Fiuor.de anodised -~ 15 mins, at 90 voltis,




Details of these treat=cn%s are given in Appendix I, Half
the samples in each condition were then stripped in boiling
10% chromium trioxide solution,

Duplicate gamples were weighed and immersed, in a 3 sodium
chloride solution saturated with magnesium hydroxide, Corrosion
rates were then determined after 16% hours,

3.2,3 Resultr
The results of corrosion tests are shown in Tanle 2,

In test 1, on A8 alloy specimens, the lowest corrosion rates
were shown by specimens which had been fluoride anodised and
stripped, followed by specimens Dow 17 treated and stripped,
Specimens {rom which the films had not been remov 1 zhowed
nigher corrosion rates, with Dow 17 treated specimens the
highest, 1In test 2, on ZREl and ZWl alloy specizens, the
results were 1ess denisive, The conclugiorns could be
summarised as follows:

(1) The corrosion rate of ZRAE1l was higher than that of
Zwl uncer all treatment conditions,

{2) Subsequent stripping of the anodised film made &
major contributicon to the reduction of corrosion
rates after both Dow 17 and flucride anodising,
particularly with ZwWl samples.

(3) 120 volt fluoride anodising shewed less cleaning
effect :han the 1.0 mil thick Dow 17 treatment,
which was generally the most efficient cleaner
of the Dow 17 treatwents, Cleaning effects of
0.5 and 1,5 mil Dow 17 treatments were roughly
corparable with that of the 120 volt fluoride
anodising,

(4} 9C volt fluoride anocdizing gave less cleaning effect
than the 120 vnlt fluoride anodising and wasg poorer
than any of the Dow 17 treatments,

3.2.4 Discussion

The distinct superiority of fluoride anodising as a cieaning
treatment observed in test 1 was not confirmed in test 2, The
wider range of treatments indicated a greater variation in
cleaning effect although both treatments had a counsiderable
effect particularly after stripping,

The two equivalent practisal processes under consideration were
fluoride ancdising followed by siripping in chromic acid, and

Dow 17 without stripping., Both processes had a significant
cleanirg effect, although the relgtive mesrit varied from tegt 1
to test 2, In test 2 the best cleaning effect was given by a

1,0 mil Dow 17 film, Thicker or thinncr films gave less cleaning
effect,




In retrospect a mere valid comparison would have been between
a Dow 17 pretreatment and a pretreatment consisting of {luoride
anodising, stripping in btoiling chromic acid and then chrome
nanganese treatment, The effect of Lhis would be to further
improve the corrocion resistance of the fluoride anodiszed
samples,

For all practical purposes, the results of both tests umlertaken
sugpgest that the cleaning effects obtained by Dow 17 treatment

. cr by fluoride anodising and stripping are of the same order,
aad application of a Dow 17 pretreatment as a single process
would not show serious disadvantages, from the cleaning aspect,
compared to the 3 stage DTD 911C precedure,
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3.3 COMPARISON OF THE PROTECTIVE VALUE OF DOW 17 THREATMENTS WITH
DTD 911C PRETREATMENT

3.3.,1 Mater:ial and Sample Treatment

The evaluation was carried out on sand cast high purity A8
{B3L 121) alloy plates and rolled sheet specimens in zZW3

(BSL 505). All sheet samples were cleaned by immersion in
boiling chromic acid followed by a 10 second dip in 5% nitric
acid, Batcnes of sheet samplec were then given the following
.reatments:

(€3]
. (2) 9.8 mil build-up of Dow 17

-
(3]

mil build~up of Dow 17

(3) 1.3 mil build-up of Dow 17

~
oo

) 1.5 wil build~up of Dow 17

) DTD 911C pretreatment, (i.e. fluoride anodised,
chromic acid stripped
amd 2 hours chrome manganese
bath treatmeni}

~
L4]]

Details of treatments are given in Appendix I. All sampies
wore surface sealed with Araldite 985EF resin. The coating
produced a film thicknzss ¢° 1,5 mil on the non-porcus chrome
manganese £ilm and a corregpondingly smalier build-up on the

e Ty AR ST Y LRA PR S S YO AR S ST

more porous Dow 17 films,
§ It was rather more difficult to ubtain a predetermined thich L3
H of Dow 17 film on the zand cast AR samples, as accurate micrometer
£ measurcments could not be made on the rough sand cast surfaces,
aad no experience of anodising conditions for alloys other than
3 P%3 was available, natches of shot blasted AC alloy plates were
3 tuerefore Low 17 treated to give norzinally thin, mediwm and
thick coatings, by comporing the fiim weightis cbiained on A8
£ with thoss cohiained on ZW3 2lloy.
g
i,:-: ’ . & 1 I
& These samples wzre also surface sealed with graldite 985E,
f;;
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3,3,2 Evaluation Tests

Panels were subjected to the following tests:

Physical tests

1., Shet test

2. Bend test

-

Corrogion tests

. 1. 8Salt Spray and Humidity Test - 12 wonths
2. R.LA,E, Seawater Spray Test - 12 months
3. Atmospheric Exposure Test - 12 months
4, Distilled Water Column Test - 12 zonths
Da2tails { these tests are given in Appendix Ijf,

3.3.3 Results

pPhvsical “ests

The results of the bend and shot tests are given in Table 3. The
athesion of the Araldite 985E resin film to a chrome manganese
film was better than that to the thin (0,5 - 0,8 mil) Dow 17 filxs,
Thicker Dow 17 films ternded to craze on the inside of the bend,

and the resin was detached, where this occurred part of the
anodised film was removed ~ith the resin, leaving, in the case of
tae thinner film, a2 very thin light buff coloured eccating, With
thiccer films, a thin greenish-buff coloured film with minute
areas of the darker green film remaired,

-

The shot test alse indicated this tendency for failure to occur
within the Dow 17 film, rather than at the metal-fiim or film-
regin interfaces, The superior adhesion of Araldite 985E to
the chrome manganese films was agajin evident,

Cor-osion Tests

Salt Spray and Humidity Test

Samples previcusly used for the shot test were used for this part
of the evaluation, Details of examination after 12 months exposure
are given in Table 4, On as cast A8 samples co-:siderabie asperity
ettack cccurred on the thinner coatin s, Medium and thicker Dow 17
coatings were less affected by asperity attack, and the thick Dow 17
film showed good resistance to creepage corrosion from all points

of damage. 9TD 911C procedure gave be.ter protection than the

tiin or medium Jow 17 with surface sealing tut hick Dow 17 with
surface sealing showed .he best protection,

-
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Or Z#3 panels, all brealdowr was by creepage béneath the surface
s2sling resin and a”) the Dow 17 films gave better protection
thaa DTD $11C procedure, Tre extenkt of creepage corrosion
decressed with in~rexsing thickness of Dow 17,

%.A.3, Seawater Spray Test

Detatls ¢f the exasinatisn aficr 12 months exposure ave given in
Tabla 3,

The corrosion occurring during this test was more severe than
thatf obtainer in the humidity test although the annust of
creepage corrusion was less, On cast paavls, thin and medium

Dow 17 filrs showed severs asperity attack, BTD 9117 prr treatments
showed slight asperity attacl:. whiie the {aick how 317 film was
virtually uwnattacked., On roiled pasels, zae corrcsion resistance
of Dow 317 7ilma jincreased wita ine)egsing thickness, DTD 911C
treated pznels ware slightliy worre than the thinnest Dow 17
t.reated panels,

Atmospheric Expasure: Test

vittle breakdown ccrurred on any of the panels although lightening
in col>ur <n asperities of cast panels could indicate slight
asperity corrosion, This was apparent on all the cast panels,
although slightly less marked on the ITD 9liC treated panels,
Rolled panelas showed slight pitting along scribed crosses and
sitnazp eoses of coding, but there was no significant Gifference,

Distilied Water Column Test

~3i1 the £s cast panels shownd sowme elacirical conduction shortly
2{ter the start of the test, but this did pot incroase significantily
during the test, The DTD 9L1C treated parels showod sligntly less
conduction thanr the Dow 17 treated paneis, but no true breakdown

ar comrasion occurred on any panels after 12 months,

3.3.4 Digcussion

The inability of ar unpigmented restis to adequately cover the
zoperities of cast surfaceés was deponstrated by ths Humidity and R.ALE,
seawater spray tests,

The amount of crespage from peints of damage decreased with increasing
taickness of Dow 17 coating, The adhesion of suriace sesling war
batter ¢o0 the thickar, rather porcus, Dow 17 ¢satiags, than it

was to the thinner, spoother and more com ¢t Dow 17 coatings, where
the resin was nor able to fuvlly impregnate the very fine pores,

Or. the smoother susiace of DTD 61iC treated roliicd panels. the
amount of creepage {rom points of damage was considerable, This
was undoubtediy due to the reduced wmechanical keoving, compared to
that obtained on a cast surface, anpd the resjilient nstyre of the
resin.

S

. +
Sy el Selds el w«-:ﬁmmﬁ?ﬁ

iy

Il I I i |
L LR Oy T R ORI A P T AP SN

o

Lol e e




ny o e A TR S TV i R R R SR W TSI IR G T T ONES TR MR RN ARAsIS
eI T Bt i A - P BN -

4. CUMPARISON OF VARIOLS CUIHINILY USED PROTECTIVE SYSTEMS BASER ON
DY 17 WiTd DD 911C PROCEDYRE

4,1 INT..OCXITICON

The effect of Dow 17 praircalmernt, as an alternstive to DT 9110
proceduwra on the properiiles of the complete protective syvatem E
investignted, The coating system uwsed was DOTD 5580 eith amd without
prior surface gealing., Dow 17 treatmenis by Procol in France and
M.E,L, were investigated,

4.2 EVALUATION OF BO# 17 TREATMENT ON SIMPLE PANELS

4,2, NMste. ~1 and Samnie Tregiment

The svaiuntion was caxried out ep 3 ins, squnre by 6 swg, aasg

4 ing, x 3 ins, x 15 a%,, rolied panels in Z§3 alloy, The

panels were deburred; degreased and clesned in 185 chromium
trioxide soiution followed by 2 10 second dip in cold & nitric
acid solution, Dow 17 treatment was carried cut at 30 amps/s39.

£t; the tiwes being aqjusted to give the reavirsd f£ilm hicknesses,
Some samples were Dow 17 treated ny Preocel, France, Thesz

samnies had a very thin (G,18% mil) greenish buff coioured fiim,

4,2,2 DProtestive Schemes Evalunted

Bitches of panels were given the folloving surface treatments:
1, ©.13 wil pProcol Dow 17 + Fainting to DTD 5580,
2, 0,13 mil Proceol Dow 17 + Surface Sealing + Painting to DTD 548C.

3, 0.5 mil Dow 17 + Painting to DID 55350, :

4, 0.8 mil Dow 17 + Surfac2 Sealing + Painting to DTD 3580,
8§, 0.8 mil Mow 17 + Painting to DTD 5380,

6, 0.8 =il Dow 17 + Swrface Sealing + Painting to £LTD 3580,

7. 1,7 mil Dow 17 + Painting to OTD 5580,

AR IR

8, 1.7 mil Dow 17 + Surface Sesling + Painting i DTD 3380,

g, Rluoride snodised, Stripped in boiling Chromic Acid,
Chrome Manganese traated, Surface Sealsd + Painting to DTD 3580.

Doteils Df the treatments are given in Apperndix I,

L T T

4.2.3 Evaluation Tesis

o

Sampie panels have been subjected to the following tests:

{(2) ©Physical tests {bend tests, shot tests)

{b) Salt Spray ~ Humidily Test (Using shot tzst specinmens)
- 12 sonths
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(¢} R.A.E, Seavater Spray Test ~ 12 months

mﬁ%{%ﬁmn :‘ N

{(d) Dpistilled Water Column Test -~ 15 mo.iths

il

The tests are fully described in Appendix II,

4.2,4 Resulfs

(a) Physical Tests

%ﬁy\:ﬁf%ﬁw bzt V{:‘) i

Th2 results of the chot a2ad bend tosts are given in Table 5, iIn
all cases where frilure occurred on the inside .7 tae beni ihe
underside of the .e¢tacked paint c¢r resin was green ia colous,

and some ol the Dow 17 fiim could be seen adhering to st. A

thin greenish-buff film remained on the meizl surface, With

the 0.3 ®ij Pow i7 Film, very littie could be seon adhering te the
resin or paint, but with the thick fili simost all the Dow 17

filas was detached with the organie f£ilm.

G

[}

My
K

Although the DTD 5580 system was sufficiently flexibl. to withstand
bending to the peirt of metal faylure arownd the sutside of the
bend when applied to 5 Dow 17 f£il.- it showed nocr ankesion over

the Araldite 983F resin 7ilm and e.iher spzlled or ¢ould be nceled

b ol
£f Zrem the entire deformed area, No breakdown of the surface
gealing occurred oa tho cuiside of the bend,

Ju the shot tests, pansls with paint applied directiy or the
Do#x 17 ©ilm spallea within the Dow 17 film excepi ifor very thin
Procol Dow 17 treated panels, in which the failure appeared to
he at the paint/Dow 17 interiace, The poor adhesion of the
DTD 5580 paint to surface seaiing was again shown, Thare was
no spalliing of the surface sealing,

(b} Salt Soray-Humidity Test

fhie resultsg of this test ave given in Tzble 3, The <hin Dow 17
treated pane‘s which were not surface sezled showed severe creapage
corrosion and some blistering., Frotective schomes bpsed on the
thicker Dew i7 coatings had improved corrosion resistance,

Although the adnesion of the DD 5320 paint scheme to surface sealing
wa$g poor, the benefit of surface ssaling was evident, even on the
tiiin Dow 17 treated panels,

¥odium and thick Dow 17 films with and without surface sealing

gave better protecticn than the DTD 91iC system but thin Dow 17

was inferior to DTD ©11C, in both conditions, gzest protection

was gaven by the surface sealed medium (0.8 mil) and thick (1.7 midl)
pow 17 films.

{¢) R.A.E., Srawater Spray Test

The results of this test ars also shown in Table 6,

R R et PR A0 ) A 500 Pt MR I8 ORI | B T K B AT
1’ & v N W Iy

g

Comparatively iittle breakdown occurred. That which did occur was
pitting at damage points with little creepage. Ag=in medium and
tnick Dow 17 films gave good protection, but the thin films

srticularly without surface sealing were inferior to the DTD $1iC
procédure,
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{d) Distilled Weter Coliwnn Test

A I o A

Ne spparent deterioration of any cne of the schewes occurred
durirg the 18 month expozure,

sty Y

4,2.5 Discussicn
showod zn irprovement in the protective value of
g by curface sealing, 1In addition, the schemes basad
¢k and mecium Dow 17 films with surface sealing were
¥ Suporidr to the DD 911C scheme, However, the
hsmne was superior tw the swrface gealed thin Dow 17

The DTD 5580 paint scheme showed poor adhesion to surface sealing
and exhibvited blisztoring under conditicns of high hunidity,
particuiarly in the absence ef surface gealing. This indicated
gome degree of water permezbility in the polyurethare scheme,

4.3 EVALUATICH OF DOW 17 TREATHMENT ON PFLANGE ASSEMBLIES

4,3,1 Nstcerial and Suapl2 Treatment

The evaluation was carried out on standard ¥ E.L, flange assemblies,
Ezol sangd oast flangt was spproximately 434Y diameter and had a

diamoeter pipe. Raisod spot faces equaliy spaced around the flange
wer® driiled tc accommodate 3716 ins, diameter bolts, Flanges
zere machined then given the appropriate protective treawment, Two
- such fiapges, one in AR ailoy, and the other in ZRE1L alloy, were
ugsed in each asscmbly., They were bolted tcogether using 5/16 ins.

diameter 8SF noadmium plated rnuta, bolts and washers, A 2 ins, length

£ miid siee. pie was screwed into the boss of the A8 alloy flanye
and a similar length of chromsted aluminium alloy (HT30Wp) was
serewed in the 2ZREL alloy flange,

R T R NP T T PO P VRS o F NPT R T WD T T TR ST T S TR e TL AL BAR ST It 1A 1) R ST R T P [ R T

4,3.2 protective Schemes Evaluateg

(ke of

Ail the flanges were thoroughly deburred and degreased in
trichloroethyliene vepour, Batches of A8 and ZREl flanges were
given the following treatment:

1. ©.15 mil pow 17 (Procol)

TP PEMAEHE L MSTIN P B PO IR oS o 1

2, 0.13 mil Dow 17 (Procol) + Surface Sealing
2, $.€ mi) Dow 17
4, 0,8 =il Low 17 4 Surfisce Sealing
s 5. 1.5 mil Deow 17
6, 1.5 mil pow 17 4+ Suriace Sealing
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7. ©OTD 911C Pretreatment (Including Chrome Manganese)

8, DTD 911C Pretreatme:nt (Including Chrome Manganesc) .
Surface Sealing

9. DID 911C Pretreatmeat (Including Chrome Manganese ) 4+
J. Bails 588/0066

10. H.A.E,

11, H.A.E. + Surface S=2aliing
Details of these treatments avre given in Appendix IT.

The niid steel and aluminium slloy tubes were screwed into

the flanges using Pciycast Type 2 sealing compound, additiconal
Polycsst was then used to caulk the mrgnesium/steel junction,
Pairs of siailarly treated flangas were boilted together; the
nuts being tightened to a toraue of 12 ft, lbs, Polycast was
again used 16y gssembly und caulking the joints and bolts.

All flange assemblies with the exce.tion of thosc having the

J. Halls 588/0066 coating were then painted to DD 5580. Those
naving the .J, Halls treatment wers pairtad to DTD 55355, Details
of the paiant treatments are given in Appendix I.

4,3.3 Corres:ou Tests

Asgemblies were subjected to the following tests,

{a) 8salt Spray =rd Humidity - 1 year
(b} R,A.E, Ssawater Spray - 1 year

{c} Marine Atmospheric Exposure (Beaumaris) - 2} yeare
betails of these tests are given in Appendix If,
4.3.4 Besults

{a) Salt Spray and Humidity Test

Details of the gxa=minstion of the assemblies alter 12 wmonths
exposwure are sumsgrised in Table 7. The asscmblies have been
given a cerroslon rating, A to E, based on visual sssessment

of the degree of blister and bregkdown, All the assamdlies which
had been overcosted with DT 53&8% puint schems showsd blistering
to some extent, Corrosion breakdown had occurred bennath some
blisters, particularly adjscent to spot faces and on flange edges.
Blistering and breakdowns wers more pronpunced »n non-swrfacs
sealed flaéng<s =3 ¢3h be geen by comparing Figures 4 and 5 shich
show the paximus blisfering observed, and the irprovement sSiroduced
by surfatzc serRiing. Fewsr blisters sore evident on the H A.E.
treated gssembly.

The flsnge assexbly SGat

&d with J. Halls svstem 2ad overcoatiasd
with DTD 5555 showed no vl

istering, bkut some breakdown had occurred,

£
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A1 the non-surface sealed assemblies showed poor resistance to
high humidity conditions, Systems incorporating surface sealing
showed a higher oxmder of corrosion protection, The best protection
wag given by H,A.E., surface sealed and overpainted with D7D 5580,
which showed no breakdown an” only minute localised blistering,

The stardard DTD 911C sys.ter Tell into the same general category

as the other systems emiodying swrface seallng.

{b) R.A.E, Seawater Spray Test

»

Teble 7 summarises the results of 12 months expssure, A corrosion
rating has again been given, Severe corrosion breakdowns occurred
on all assemblies which had not been surface sealed, The largest
a2yl most nurercus breakdowns occurred on flanges with the very

thin Procel Dow 17 pretreatment (Fig. 6) and became less severe
witi, increasing thickness of Dow 17 film, No significant breakdown
oceurred con any fiange assemblies which had been surface sealad,
altnough single igolated pcints of breakdown were observed on the
assemblies with 0,15 (Fig, 7) and 0.8 ml Dow 17 coatingz. .5 mil
Dow 17, B A.F, and DID 911C prefrealments with DTD 5580 top coats
1]) showed no breakdown,

The ext2nt of breakdown was generally more severe on AS than on
ZREYl fjanges. The J. Hall's 588/0066 plus DTD 5555 system

shoewed breakdown on the A8 flange, although the corresponding
ZRE1 flange show2d none, The severe blistering which occurred
with DTD 8580 coated assemblies in the humidity test did not ocour
in the R,A.E, test,

{¢) Maringe Atmocugpheric Exposure

Flange assembliss were examined after 2% years exposure, The A3
alloy flange of the 0,15 mil Dow 17 {(Procol) pius DID 558C treated
assembiy hacd three corrosion creepages. None of the cther #aseablies
showed any blistering or breakdowsns,

Siight degradation of the paint itself was evident, as shown by
cracking ¢of the UYTD 5880 and DT 8555 paints on the corners of
the steel washers etc, The epoxy finish on the J, Halls 5388/0666
plus painting to DTD 8555 scheme had chalked consideradly,

4,.3.5 Discussion

The results of the Humidity and R.A.E, Seawater Spray Tests indicated
ir a wost ewphatic manner the necessity to surface seal components
operating in corrosive environments, The poor corrosion rosistance
of al! the pretreatments examined without surface sealing may be

due to the water permeability and poor adhesion of the DTD 5580
systen, as indicated by the severe blistering occurring in the
hunidity test, As would be expscted, increase in thickness of anodic
coating improved correosion resistance, although it did not itself
provent corrosiont, even in the case of the H,A,E. film, Surface
sealing prevented significant corrosion on all the pretreatments
studiad and no real differentiation could be made between the .arious
systens although earlier work (3.4.2} on simple panels indicated

that thinner Dow 17 films {up to 0.5 mil) were inferioz to DD 91iC
pretreaime 't even when surface sealed,

o
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The marine atmospheric exposure te: t at Beaumaris proved to be tou
mild a corrosive environment to be useful in the evaluation of
coaplete protective systems,

COMPARISON OF THE FATIGUE PRO™ "RTIES OF DOW 17 TREATMENTS

5.1 INTRCDUCTION

The cbiect of the invegtigeticn was fu determine the eifect of varying
tnhicknesses of Dow 17 on the fatigue strengths of RZ3 and ZW3 alloys,
using 2n Avery 6302 Wohler-type fatigue listing machine, The S/N
curves abtained would be comparable with those previnsiisly obtained for
the same zllovewith a wide range of sarface treataonts.

5,2 MATERIAL AND SAMPLE TREATMENT

50 sand cast RZ5 {L 128) ailoy DID bars were produced ané machined to
standard A ery type, wonler fatigue b-rs with a gauge diameter of

0.,2629", 40 ft. of 1 ins., diameter extruded bar in 2¥3 (L 303} zllov

was 2iso produced, The chemical compositions and méchanical properiies
of the aliloys are given in Table B, Stringent srecautions w.ie taken

to obtairn lengths of extrusion frae of defect, and tiese wera tnen
rachined to fatipgue bars, The fatigue bars in both :illoyvs were randomised
prioc te surface treatment to avoid any progre-<sive deviations arising
from factors asssociated with casting or exirusion of the material.

patahes of 12 fatigue bars from each alloy were Dow 17 treated to
produce a fila build-up of 8.5, 1.0 and 1.5 mils, The test area only
was anodised; the remazinder wis blanked off dur:.ng anodising,
Thinkness of filam preduced by anodising was cbtained by micrometer
measurement at the point of maximum stress beiore and duripg treatment
until the desired thickness was achieve:d, Bars we e also retained in
the un-snodised condition for comparison.

5.3 RESULTS

S/N curves for plain pumiced. thin (0,5 mil), mediw (1.0 mil} and
thick (1.5 mil) Dow 17 treated specimens in Heat Treatad RZS (BSL 128)
and extruded ZW3 (BSL 505) have been obiained., The results are plotted
in Figs. 8 and ¢, The curves show that Dow 17 treatments had no
significant effect on the fatigue properti2?s of RZ5 alioy. On the
other hand, a2 marked reduction in the fsatigue properties of ZW3 was
produced, The effect varied from a reduction in fatigue etrength of
approximately 9% for the 0,5 m%l Dow 17 coating to 21% for the 1.5 mil
thick pow 17 coating at § x 10 cycles,

Spalling of the anodic coaving occurred on fracture with ali three
Dow 17 coatings on Z¥32 but no such spalling occurred on RZS5.
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Examination of m‘'a: iographic sections taken from the fractured fetigue
bars showed rhat 7=.® Dow 17 treztments produced a roughening of the
metal surface; the waghening increased with increasing f£ilm thickness,
There was no discerna: iz :ifference in the surfac: roughness produced
by similar Dow 17 traa:weuis on RZ5 and ZW3,

8,4

Hefd

DISCJSSION

1t is known that treatmeuts 1J.ulling fn pitting or roughening of a
motal surface result in the reduroyon ix the fetigue strengths of the
material, and that tie greabtws the trughening 2ffect., the greater the
raduction in fatigue gstrengtin, Sin any Dow 17 treatment of magnesiwm
produces some degree of surface —cughuvuing, the treatment is likely

to reduce the faligue properties of maghreaium alioys. Although this
was shown to be the case with ZW3 alloy whin reductions in fatigue
strerngths of up to 21% were obtained, the efivel 0! Dow 17 treatments
on RZ5 was negligible,

The notch sensitivity of magnesium casting alloys ig generally lower
than that of wrought alloys, (©onsequently the e“iect of Dow 17
treatments on the fatigue streangth of RZ5 should be Yeas than that

on Z¥W3. However, some rewnction in the fatigue strength of I' °

wauld be expected. It was not possible to explain this uppare.t aromoly
from the results and observaticons made,

A compariszon of these results with those of previous work} showed that
the effect of Dow 17 and H,A.E, rnodiring on the fatigue properties of
743 was, thickness for thickmess, very similar, The reduntion in
fatiguee properties of ZW3 alloy resuiting from & 9.5 mil tihick Dow 17
treatment was similar Lo that produced by a chromz manganese ireatmunt,
However, the chrome munganese treatment hed no significant effect on tue
fatgiue properties of RZ5 slloy.

GENERAL CONCLUSIGNS

The following conclusions can be drawn from the resuiis of the work,

INVESTIGATION OF OPERATING PARAMETERS OF DOW 17 BATH

1t is possihle to control the thickness of Dow 17 film with a
reascnable degree of accuracy by controlling the anodising time
at specific current densities in accordance with the graphs
shown in Fig, 1.

1.

COMPARISUN OF DO¥ 17 TREATMENTS WITH DID 911C PRETREATMENT

No significant deleterious effccts would result from substituting
a 1,0 nil thick Dow 17 treatment for {jiuworide snodising,

1.

1.0 mil, and thicker, Dow 17 coatings are comparable to the DTD
911C pretreatment as bases for further organic protection e.g.
surface sealing. Thinner coatings, particularly the very thin
coating? commonly used ipn the U,S.A, and Rurope, are inferior to
DID 91iC precedure, and their use is not raecommended,

2.

3. Dow 17 coatings have been shown o be porous and consequently must

ba surface sealed fur optimum proiection,
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COPARISCN OF VARICUS CURRENITL ¢ USED PROVELFIVE SYSTEMS DASED ON
DOW 17 Wity DTD 911C PROCEDHRE

1. Systems based on surface sealed Dow 17 coatings were cenp-rable

with 0TD 811C procedure, Dow 17 films, without surface sealing
were inferior t» DTD 911C,

2, The use of "<t assembly techniqiles were essential to avoid the
galvanic corrosion of magnesium in complex assemblies,

PR R i

3, The DTD 5580 paint scheme exhitited blistering under Ligh bumidiily
test coaditione indizcating tha: the paint wags to some exter &
waler permeazble,

i

',
b

CCMPARISCN OF THE FATIGUE PROPERTIES OF DOW 17 TREATMENTS

1, The :atigue gtrength of ZW3 was considerably reduced by Dow 17
treatyents, UNo simiiar deletdrious effect was ontained with
P25 anl further work is requared te expiain this appavent anoumoly.
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- TABLE 2: RESULTS OF TESTS TO OCOMPARE CLEANING EFFECT OF DOW 17
3 TREAMENTS WITH FLUCRIDE ARODISING
g Test 1
£
% AveragBOCorrosion Rate * Average Corrosion Rate
% Alloy ‘freatment (mgs/cm“/day) After 76 hrs, | (mge/cm”/day) After 414 hrs,
§ Unstripped | Stripped in Cro, | Unstripped | stvipped in Cro,
120 v
E Fluoride 3.74 1.51 5.76 3,10
3 Anodise
] A3
% 1 =il Dow 17 £.34 2,14 9,33 4.04
£ L
§ Test 2
% Average Corrosion Rate (mgs/cmi/aay) After 168 Howrs
g Alloy Treatnent
g Unstripped Stripped in Cr03
| 3
H
§ None 39,3 43,0
: 0.5 mil o
: Dew 17 32,2 16,1
H
g 1.0 mil
bow 17 10,5 15.1
1.5 nmil
2 E1 * . 2
ZR Dow 17 16.9 13,
120 v
Fluoride 30.3 18.5
Anodising
90 v
Fluoride 34.8 21.4
Anodising
MNone 4 46 14,3
0.5 mil
Dow 17 9,2 0.4
1.0 mil
bow 17 3.2 0.7
zZw1l 1,9 mil
8 1,
Dow .7 -8 0
120 v
Fluoride 7.9 3.7
Anodising
S0 v
Fluoride 28,1 1.7 °°
. Anodising .
l |
[y *

Specinens washed and scrubbed only,
Not cleaned in chroaic acid

€ %

Wide Spread in corrogion rates,
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TARly 4: RESULTE €F 12 MONTLY MMIDITY TEST AND 12 MOWTES R.A,E, CCAWATER SPRAY IFST ON VARL. .5 NI XNESSES
S L S M 2o D s DO
OF DOF 17 FLIM WI1H SUAFACE SFALING
Section 3.3
4
12 Morths Shot, Selt Spray Hustdity Twst 12 Nonths R,A.E. Seswater Spray
o -
¥
Aid ferial Surfece  Trestasnt ! :
i
No, | Cromugpe (rom Crose| Crowpage froo shot{ General Surfaces [No. Croupage fron | General Surfaces
Cross :
i
Dow 17 (6,28 oz/ydz) 1) |G2neral aspority brvakdown on front face with creepage, 3) 1Genersl heavy (Num2rous breskdom
+ Surfowe sealing 2) iCrecpage frox shot, aod cracks on rrar up to 10 c=», 4) lcorroston wp to both surfxces
Croepage froa shot, crosa, cracks to 10 eos. on frontfmce 15 =zw, lup to 18 nes,
few 17 (C.92 ox/rdz) 9 liarge sress to 15 =2y Generzl to 16 o, § Asperity b.d, around | Il {Pitting up to  bhuereus 5.4, on
+ Zuorfacs sealing ot 0 10 mx, 8§ =ms, pax, Hoth faces
0 mus
Canerally ¢ <3 m
10 |Pew 0 1 xm, 3 s, wax, Azperity b,d, at skot |12 |Pitting to S z:-#m‘-nx b.d, cn
to 10 n=, max, =aX, path sicdes to
Crevpage 2roa cracks 7 n=5, pax,
on rear.
Dow 17 (1.53 cz,‘ydz) 1.7 ( 1 e, ( 1 e, Slight aspority b.e, 119 14 b.d.{ 1 =z, |4 b.d, on rear
+ Surface aasling near shol, Croepage {ace o 4 &1, T
Iraz crzcks on rear
{act to 13 caj,
s 18 (41 e, L1 ==, Ligat naperity 5,4, 120 U b.2.{ 1 o, |Severai b.d, on
£ &I hot, Creepagze buth faces,
g fros ¢racks on rear ( 1 =,
face ta % oz,
-
o
8 mnrms anvitsed + RS | 6 2 3 rus, 43 s, met miperity b.d. |27 |1 b.d, 1 wr, [Muoerous aszperity]
g + Ciross : ppn front face culy, b.d. on both face
& t\nge.mm ~ Eurtace L lem,
Sealing 2 | 4todem s, |45 s itgnt asperity boe. |22 |6 b.d, {1 o=, [Seversd mspertty
n Zrast tane nnly, b.d. on both face
to 3 ==s, =ax,
h\n;m\u(}. o,
Dow 17 (0.9 ai¥) < 63 | 8 ¢ 13 r=u, =mBX, 18 azg, aax, veepmge from edge on | 57 (24 b.d, tu ¢4 m4.b.d, 2round aole
Surfaze seling ear {ace to 13 =23, X, coding to = m=s,
Crecpagks on resr
2Ce to 23 m3s,
63 | 12 to 12 zns. max, 17 s, max, f craecpage on rvar 03 3130 b.d. to I m=y. D.4. aroundt
Sace ta 23 =wa, rax, holé, coding to
I 3 =3,
fow 17 (0.8 =43) » 33 | Several { 0.5 m2a, 11 =23, max Creepase from cauape 135 lio bia. {1 e, | V. slogmt v.a.
Surfesa gealing #¢ rear to 4 ome, and zt holes axd
frox «dge to 4 e3m, coding,
48 to 1Y =g, sax, 15 o8, xox, Crecpace fros desage 36 10 b,.d4. {1 =v. {Siight b.e, at
at rear to 7 eag, 1 to 2 =os, holes, coding
e 1 nm. sax.
Dow L7 (1.3 nil) » a4 | Several <0.3 o8, 7 emx, =X, Creepage frosm dasage 143 | 7 b, (}. r3. [Slight b.d, at
Surfacd s¢aling at rear to 7 mxs, holes, coding
to 1 mm, nix,
2 }J1 & 3o, § oto Imd 1% oms, aox, Creepage froe dasage 144 | 7 b.d L =w,  [As for 43
nt rear to § mes,
17 £1.% afl) - 4% §3 to ) o=, max, 13 =3, mox, Crexpage frox damage {31 }20 b.d, ( 1 &=, {51120t b.d, at
* Suriece oexling at rear o0 4 »ms, fles, coding
] odgas %o 1 ra,
g nax,
It 30 13 to 2 emé. max, 14 o2s, max, Creopepe from dazsge 132 ] 10 b.d, to 1 == As for 51
T 2t roar o 3 o3, 1,
4
-
& wat:do rocdimet ¢ 467 § Numerous to 14 wma, 23 mos, oax. Crenpage fros demage (22 [ Numoroul to 3 o 0.4, at holas,
v + Chrowe "X, at rear to 13 mss, ard| zax, udges coding {0
N hbag:.mu + Surface fros edge to 10 masy, 3 =za, Cne b.d.
ealing oq {ront face
2 =8,
S& | wamernus to 19 saa, 2% xxa, mex, {respage frondamage 160 INubnreus to 3 as3.B.d, at holes,
cax, at rear %o 16 mes. fax, edges, o=
Joveral ciwepages on ing to 2 mmc,
fognt W 1Y o2s, o b.d. o0
Tear fxce 4 ==,
: I




TAALE 5: RESULTS OF BEND AND SHOT TESTS O\ VARIOUR THICKNESSES OF O0F 17
FILM WITH AND WITHOUT SUSFACE SEALING PLUS PAINTING TO DTD £530
Section 4.2
RESULTS OF ur<n TESTS RESILYS OF SHOT TESTS
Saeple
Trectzant inside bend Outsfde  pend
Duscription rail- Dewoription k- Front  face Pegs Fnoe
ure ure L
0,15 2il Dow 17 & Spalitng of paint up to Sphiing of patut up to
oTD 5580 R0, K.D. 9 emx, ¥ ox§,
10,15 =il Do¥ 17 & . Spalling of pafnt ~xxd N .
is.5. + 07D 5380 *.D. N.D. surface zealing up to Spalling of paint and
P surfase seallng wp ¢o
i2 sme.
8 ==s,
¢.5 ail Dow 17 + Datackment of paint [Dow 17] o breakdown - Spaiiing ©f patnt o 12 3:m{Spalling of peint to 10 =
DID 5580 to 6 =es, mx, /paint
0,5 mtl Dow 17 + Datach=ent of total {Dow 17) Dotachnont of p=ant{S5.S8,/ § Spalliag of paint only Spalling of paind to ¢
§,5. + DID 5580 i1 up to 6 =mi. / 8.5.1 only up to ® wmes,  paint to 50 mas. s, Crackiag of paint
eax, to 2% ==s,
0.8 =il Doe 17 « Detachment of paint In No breakdawn Sealling of paint to |paliing of paint to 4
orTh 358D + 5Co@ Dow 17 to Dow 15 mzs, =25, Further crackiny
8§ u=s, e of paint to 5 sns,
0.8 il Dow 17 » Dotach=ent of paint In fetachsent of paint| 5.S5.. {1 Spallang of paiat only Spalitng of paint iy to
8.S. + DID 350 5.5. &rd s0ze Dow 171 Dow only up 0 9 nne, piant to 40 =w, 23 rms. 4« spalliine of
to 8 mzs, 17 S.5. t0 3 mas, froc cracky
2.7 ui) Dow 17 & Datachment of saint in N0 breakdown - Spalling of paint o Spalling of pxint 0 4
DTD 3350 + sone Dox 17 tO Do 23 =us, sas, Purther cracking of
& mux, 17 paind to 12 =as,
1.7 =1} Dow 17 « Datsclaent ofnasnt, in Cetachrent of panatis.s., Spall ng of paint only to iSpalling of paint oniy to
8,5. « DTD 3380 8.5, und sues Dow 17§ Ik« only to 9 =zs, paint § 3% ons, some crazing . f 25 s, Furthe: criacking
to 5 ==, Further i7 axposed £.5, to 12 ane, Crazing sd
eracking to 6 zna, wpalidng cf S.8, v 4 =mo,
Chioze songanesa + Detachzent of paint {Thre® | Dotactment of pRintiS.5,. Spailtng nf paint only Spalliing of peint oniy to
5.3, + 9TD 5380 + 5.5, to 2 =, ~xts/ | only to 9 maus, piint { to 18 mas, gonerslly buk 4 en5, FPurthor cragking
nAX, 8.8, 43 =ax, alony eracks of paint to 25 oxs,

8,5, =

surface Sxaled with aArnieite 2A5E
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RESIZTS OF 12 MONTHS HUKIDITY TEST AND 12 KONTH R,A.E. SEARATER STRAY TEST

O VARIGUS THICINESRSES OF DOW 17 FILM RITH AND JITHOUT SUIFACE SEALENG

R.US PAIXT TO DT 5535

12 Xonths 5hot, sSalt Spray s

Huzidity Toet

Creepage from Shot

e ———n — e

P -

section 4,2

12 Months R_AE_ Seaentrr Spray

Cr0, trip -
Thrims Hangsnese s
8.8, s 2T 3880

& o 2 o=, pax,

e o

Siight plistering
slong cdges

Sazple Creopage froz Gorerst Creepage from
Traatzent sust .
Cross Front Rear suriaces Cross
0,15 =11 Dow 17 « 3up 0 15 me. « |5 =ma, Y msg, Nuzerous blisters | 12 m to 3 =zs,
DD 3580 1 up to 7 ==zs, 0.3 zms.
0,15 @il pow 17 & 3 up to 1l =zs, N2 =, 12 e=s, No breakdeown 12 ¢p to 3 =x=s,
&.8. + MD 5360
8.5 nil Dow 17 o - 137 =o%, - Creoepage fros 21 to 5 =ws,
DD 5380 dagaged cdpes to
22 en2, Nuserous
einute blistcrw
10 up o 15 ms. - - Crespags fron 15 to & zms,
nex, + piSerous bottoa hwle w
e.5 s, 17 =2s.,
6.8 mii Dow 17 & - 130 moa, 18 m=s. § No bresxdown 8 b.d, to 2.5 oma,
5.8. « DID 5380 . sax.
iC o 23 m=s, zax, - - %o breakdosn 18 b.d, t 2,5 ams,
nax,
2,8 nil Dow 17 « - 1 oN, 10 =5, Corrosion of 4 to 2 =me, & 10
PTD 53580 oxposed Dow 17 0.5 =&,
rilz, Crozpuge
{roa botton hole
to 17 o=s
10 %o 15 =ms, oax, tc 2 enn,
+ KeVersi ¢s 1 =m, = o breakdown é to 1 =2,
0.8 21l Dow 17 » - 1§ =g, 3 o=, | No hreakdown Breakdosn slong
8.8, + DYD 3350 part of Cross to
1,3 ==s,
T to 4 2oy, b v.d. at several
to 1,5 ==¢, - ¥ broskdown points o 1 =z,
1.7 =il Dow 17 4 - 10 me=, - Slight creepage S to 1.5 zea. oax,
DIT 5580 fron damzaged edpe
8 to 1 za, - - No breakdown ¢ to 1 =a, =ax,
s; =11 Dos :_.is; - 15 cas, 8 w28, | %o breaxdeen b.d. At seversl
e or= S points to 1.3 ==,
3 tc 1 as, max - - No broasdown b.d, &t sceoral
points ia 1.5 ==s,
Fluaride Anogised » - 18 =g, - Ko hreskdown & tc 2 =38, Dax,

9 to 2 =xe. oax,

Gone ral

~urfaces

No breaklusn

Ko nreakdosn

No breakidown

No breakcown

%0 breskdosn

¥ hreakdown

No proskdoen

No break.down

No preakdown

Nu dreakdown

No breakdown

No treakdown

¥o broakdown
No Lecakdown

No broekdowm

= Surface Sealing with Araldite 355£
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7: ERESULTS OF 312 LIONTHS HUMIDITY TEST AND 12 XONTHS R.A.E,
SEAWATER SPRAY TESTS ON FLANGE ASSEMBLIZES

o i s i & . S Tt ot PP N T TR - el
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3

3

H

ection 1,3

3 12 Month 3plt Spray- 12 Zonth R.A,E, Seawater
- & Humidity Test Spray Test
g Treatnent - ;
é No. C.R.* o, C.R.*
;%% 0.15 mil Dow 17
/ é . (Procol) + 2509 D 2803 E
§ DTS 5580 2/8 1/7 :
: i
= % . 0.15 ail Dow 17 ’
g (Procol) + 2809 B 2809 B
z Surface Sealing + 5/11 4/10
|4 DTD 5580
§ :
: g 0.8 mil Dow 17 + 2848 D 2848 E -
8 DTD 5580 ag/52 37/61 :
: g 0.8 mil Dow 17 +
§ gurfaca Sealing + 2848 C 2848 o4
B D10 5580 41/65 10/64
-
- & 1.5 nil Dow 17 + 2848 D 2848 D -
: E DTD 5580 44/56 43/55 :
- E
5
% 1.5 wmil Dow 17 +
- £ Surface Sealing + 2848 B 2848 A
§ oTh 5589 47/59 4€/58
- £
§ ’ Fluoride Anodised,
: % Sarface Sealing + 506/68 19/67
DD 5580
Fluoride Anodised, 2848
4
i Chrome-Ydenganese + qj?l D igxgo E
t pTD 5580 =
Fluoride Anodised,
Stripped, 2866 c 2866 £
= Chrose~Mangan2se 4+ 2/4 1/13
£ J. Halla 5B8/0066 i
; DTD 5355
H.A.E. Anodised + 2856 o 2366 C
DTD 5580 5/17 4/16
H,A.E, Anodiseds o "
- - - - 66
Surface Sealing + gigg A ;3q0 B
DTD 5580 . j

*C.R,

Corrosion Rating asg follcews:

No significant deterioration

A

3 No visible corrosion. Slight Blistering only

C Snall isolzted corrosion breakdowns only with slight blistering
D

More general corrosion breakdown and/or general blistering
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Fig. 4 ZRIY Flange 57tor 12 nenths Bunidiiy iest,
0w -7 TINS5 ; .
Procol Dow 17 5 1D 55-0 Paint Schonee, soecLion 1,0




Fig. 5: 7ZRUL Flanme After 12 Months Huridity Test,
Procol Dow 17 + Surface Scaling + DTD 5560 Paint Scheme
Scction 4,3,
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10, APPENDICES

10.1 APPENDIX f - DETAILS OF SURFACE IREATMENTS

(1) CIRUATE TREATHENT TO DID 911G

(a) Fiuoride Anodising

Bath Composition 25% w/v Ammoniwm Bifluoride
in water

Anodising Conditions 10 mins, at 120 volts

(unlees othe~wise stated) {Ambient temperature)

{(b) s:trigping

Bath Couposition 10% w/v Chromium Trioxide
in water
Stripping Procedure 10 mins, imsersion in

boiling solution

(¢) Activation

Rath Compogition 15% HF in water

Procedure § minutes immersion at
ambient temperature

(d} Chrome Manganese
{(Bath (v) of DTD 911C)

Bath Compositicn 10% w/v Sodium Dichromzte
Crystals

5% w/v HManganese Sulphate
(4nS0,5K,9)

3% Ww/v Magmesium Sulphate
(ugso 41520)

Procadure 2 hours immersion at
anbient temperature

{2) DOY 17 TREATMENT

th Composition 24% w/v Apponium Bifluoride

10% Sodium Dichromate
Crystals
9% v/ 85% m'tho«Phes%k}%rdic

Current Denaity 30 am;s/sq, £t, (unless
otherwise statud)

Teaperature . 70 ~ SDOC

Time Dependent on thickness

required (See Fig, 1)
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{(3) H.A.E. TREATMENT

Bath Composition

Current Density
Temperature

Tine

{4) _SURFACE SEALING

Material

Procedure

(5) J, HALLS CHEROMATE PIGMENTED
DRIMER

¥eterial

Applicavien

{6) OVERPAINTING TC DTD 5553

terial

Application

(7) OVERPAINTING ‘fO DID 5589

¥aterial

12% Potassium Hydroxide
1.04% aluminium

3.%% Trisodium Phosphate
(N33P04.12H20)

3.5% Anhydrous Potassium Fluoride
2.2% Potassium M¥anganate

60 amps/sq, £t. (85 volts max)

Anbient

¢ minutes

CIBA Araldite 985

samplss preheated to 220°c - cooled
to 60 and dipped, Air dried for

10 mingtes, then stoved for 20 mins,
at 220°C, Two further coats applied
by dipping (inverting sample each
time) and stoved for 20 and 45
minutes respectively at 220 C

Total thickness of 3 coats: 1.5 milg

J. Halls Chromate pignented stoving
epoxy primer Ref: 588/0066.

2 spraged coats stoved for lg mins,
at 1256 C and 60 mins, at 200 C
respectively,

Total thickness approximately 1.0 mil

Primer - Cellon chromate pigmeated
cold curing epoxy primer

2 parte SL5538: 1 part SLO538 +
i0% Thinmners TSL 537%

Finish ~ Cejlon pigmented cold
curing epoxy finish (White)

1 part SL5452: 1 part SL5838 +
1% Thinners TSL 5373

1. Spray coat off each of primer
and finish to give 1.0 mil and
1.3 mil coatings respectively,

Primer - Pinchin Jobanson's chromate
pigmented epoxy primer SLB382 o
Catelyet CSH 6331,

Finish -~ Pinchin Johnsonts wWhiie

Piguented Polyurethane Finish
813054 + Catalyst CSL3055

- " & - 3
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10,2 APPENDIX II - TESTING PROCEDURES

(a) PHYSICAL TE£STS

(1) Bend Test

A 4" x 2" x 16 swg, 2ZW3 panel was bent slowly round a }" diameter
steel mandrel until fracture of the metal ozcurred, The sample
was then removed carefully to maintain the thinge! formed by the
coating system on the inside c¢f the bend, The two fractured
gections of the metal vere then gently puiled apart, The extent
of detachment of the coating system from the point of fracture
indicated the adhesion, The performance of the coating on the
inside and outside of the bend was noted,

(2) shot Test

A 3" x 3" X 6 swg, ZW3 panel was used feor the test. A 0.22 long
rifle bullet was fired at the coated sample from a range of
25 yards, The extent of spalling of the coating system from

the point of impact on the front and buck fzces of tha panel
wis noted,

(b) CORROSION TESTS

(1} Scawater Spray-Humidity Test

This test was usvally carried out on the panel from the shot test
above, The pan21 «as scribed with two crossed lines, 2 Fuches
long, penetratirg to the metal, Panels were then Sprayed with a
fine mist of n tural seawater then exposed in &4 cabinet at 88 -
160% humidity Jor 6 months, Samples were resprayved after each
intermediate exaasination.

The test was similarly conducted on flange assemblies, although
no scribed damage was included.

{2 R.A.E. Seawater Spray Test

Panels were scribed with two, 2 inch long, crossed lines to
expoge the metal, They were then exposed in a shelter, open to
tae atmospnere on one side, and sprayed three times per working
day with natural seawater, at Magnesiuw Elektron Ltd,, Manchester,

The tesh was similarily conducted on flange assembljes, although
no scribed damage was included, unless siated.

(3) Atmospheric Exposure Test

Panels or flange assemblies were exposed cutdoors in the grounds
of ¥, E,L, at Clifton Junction, Svinton for & pericd of 12 months
or ionger, depending on the degree of deterioration,

{4) Morine Atmospheric Exposur2 {(Beaumaris)

Panels or flange assemblies were exposed outdoors in the grounds
of Laird (Anglesey) Ltd,, 200 yards {rom Mesn Sea Level and

25 fi, ahove it, The site was used by the courtesy of Birmidal
Developrents Lid., and Laird (aAngles-y) Ltd,




{5) bpistilied Water Column Test

A 5 ins, long column of distilled water contained in a glass {ube

was located on a flat area of tne panel 1 ins. ir diameter by means

of rubber washers and clamps, The column was maintained in that
position tor up to 15 months with periodic testing and examining,
Testing was carried out fortnightly by applying an e.m,f, of 12 v,
between the Lase metal of the test panel and the top of the distilled
water cclunn, and noting any deflection of the microammeter in circuit,
The deflection indicated the extent of conduction (water permeability)
of the coating system,




