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FOREWORD
——meie

This report describes work carried out by British
Commercial Aircraft Division, Weybridge,
ract KS/1/0692/CB4a3A2. ;

BB s B e R e

Aircraft Corporation,
under Ministry of Defence (PE) Cont

The work was supervised by MAT .F2 under the direction

ot AD MAT.FI.
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UNLIMITED

SUMMARY

The investigation wes concerned with the analysis and
corrosion testing of a series of fluids collected from the bilge
areas of aircraft of the Royal Air Force, Air Support Command,
Assessments were also made of the influence of stress, reduced
oxygen levels, microbiological action and general environment
when relsting the corrosion behaviour,
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1, INTRODUCTION

1.1, A great deal of research has been conducted on aircraft
alloys in assessing their characteristics towards various types
of corrosion; notably pitting, intergranular (exfoliation),
microbiological and stress corrosion, This work has usually
involved the use cf synthetic corrodents formulated in the
laboratory, but little work appears to hiave been performed
upon corrosive fluids actually existing in or on the aircraft
structure,

1.2, The purpose of this programme was to investigate both
chemically and microbiologically the nature and composition of
airframe fluids sampled from aircraft of the Royal Air Force
Air Support Command. These fluids would then be used for
a series of corrosion tests using the appropriate aircraft alloys,

1.3, The programme was designed in an attempt to relate the
recorded history of airframe corrosion with the behaviour of the
fluids, collected from the aircraft, under laboratory corrosion
tests. Fluids which exhibited anomalous behaviour in the
corrosion tests, being either more or less corrosive than would
be expected from analyses for known corrodents (e.g, chloride),
were to be further investigated both chemically and microbio=-
logically, All test work was to be related to similar tests
conducted on a series of synthetic corrodents.
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1.4, Collection of samples was spread over a period of two
years and was scheduled to take place during the Base 11 and
Base 11I servicing periods, Sampling was to be pertormed by
both R.A.F. and B.,A,C. personnel, and was to be accompanied by
as full an inspection of the airframe as was possible, This
was limited to the structure available for examination as
detu.22d by the appropriate service schedule.

bt

2, TEST PROGRAMME

kot Ll

4 2.1, Collection of Bilge Fluid Samples {
2 3
j Sampling was carried out in conjunction with personnel §
; of the Royal Air Force, Air Support Command, whose ussistance ;
f is gratefully acknowledged. After preliminary meetings between 3
3 A,S,C., Ministry of Aviation Supnly and B,A,C,, two aircraft were 3
: chosen as being the most likely to nroduce representative bilge 3
fluid samples, These were the Britannia and Comet, V.C.10 i

aircraft were omitted from routine sampling procedures because E

automatic draining resulted in little bilge fluid collecting. E

£ Isolated samples were taken {rom this aircraft on a non-routine 5
3 basis, and also from Hercules aircraft, 3
; 2.1.1. Sample Areas i
4 3
1., The torward freight bay, :

] 2. The hydraulic bay. E
3. The reer freight bay, 3;

3 4, Servodyne bays, 3
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Britunnia Atreraft

3 1, Wing box B

2, Front of rear freight bay.

T A

3. Rear freight buy,

1solated samples were also taken irom other areas,

SRRt

2.2, Examination of Aircraft

Sample collection was normally at the Base 11 and Base III
servicing of the aircraft. Wherever possible, an examination
3 . was made of the structure available for inspection in order to
: agsess the corrosion behaviour of the aircraft, Efforts were
made to assess, from the information available, the service
history regarding corrosion of ihe aircraft under examination,
In this respect, discussions with personnel at the Central
Servicing Development Establishment, Royal Air Force, Swanton
Morley were particularly valuable,

2.3. Corrosion Testing

2.3.1, Standard Laboratory Corrosion Test

Much of the early work in the programme was
towards the development of a laboratory corrosion
test that was both rapid and reproducible, was
applicable with a small quantity of fluid, and gave :
a reasonable sorting of the fluids under test. The ;
vibrating test described in para., 3.1. was shown to be
a more rapid method than the normally accepted immersion
tests, This method was used as the standard corrosion
test for all samples examined,

2¢3.2, Limited Oxygen Supply Tests

Crevice ccrrosion of aluminium alloys is known to
occur in environments where there is insufficient
oxygen available to maintain the natural protective
oxide film, Some work was undertaken to investigate
corrosion testing under these conditions, Details are
given in para, 3.3,

2,3.3, Special Corrosiuu Tests :

Corrosion tests were developed during i.c programme,
designed to simulate specific examples of corrosion founa
during aircraft examinations, viz :-

1, Investigation of corrosion of carpeted DTD,5020
machined floor panels. Test work as detailed in
para, 3.2.1,

2, Investigation into the corrosion of a floor area
ad jacent to a galley, Test work as detailed in
para, 3.2.2,

"
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2,14, Stress Corrosion Tests,

L
\ﬁ.’.v:. "

Stress corrosion tests were pertormed upon a number
of fluids chosen because of their behaviour under the standard
laboratory corrosion test, These were conducted on DTD,.S350
ulloy and 2024 T,351 alloy at the 60% and 90% proof levels,
Details are given in para. 3.4. and results in Table 4,
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2.,5. Chemical Examination of Fluids.,

3 Chemical analyses were performed on all bilge fluid
- . samples, Generally analysis was limited to three types of
5 ion, Namely :-

- ) (1) Those reported to act as corrodents in aluminium alloy
systems,

(2} Those reported to act as inhibitors in aluminium alloy
systems,

R UL M T g

(3) Those indicating that corrosion might already have occurred, 1

Specific bilge fluids which exhibited anomalous behaviour in the
corrosion tests were further examined chemically. A series of
typical aircraft fluids including toilet fluids and some beverages
were also examined. All results are given in Tables 1 and 7.

2.6, Microbiolggical Work.

Mt D A L A LT AP AN

Microbiological work was in conjunction with the
Commonwealth Mycological Ilastitute, Kew, whose assistance is
gratefully acknowledged. The test programme was broadly
defined in two areas :~

(1) Identification of the microbiological species existing
in the various aircraft environments together with counts
of the total number of ceclls per millilitre present in the
e " s .
as received sample. Resul ts are given in Table 2,

(2) Assessment of the role, as corrosive agents, of the :
microbiological species identified during the programme, f
This involved monitoring the changes in microbiological 3
population during corrosion tests using the test method 3
detailed in para., 3.5,2. This work was performed using
both bilge fluid samples and synthetic samples inoculated 4
with microbial species, Test results are detailed in ﬁ
Table 3. %
In addition, work was carried out upon sections of the
carpet recovered from the corroded DTD.5020 panels mentioned E
in para, 2,3.,2, in order to assess the role, if any, of
microbiological species in this corrosion. Details of this E
WwOrk u:¢ given in para, 3.2,1,3. :

3. EXPERIMENTAL PROCEDURES

3.1. Laboratory Corrosion Test

Initially, samples 1 to 23 in Table 1 were tested
using a static partial immersion test. 2" x 8" x 18 s.w.g.
B.S.L.71 specimens, radiused at one end, were pickled in chromic/
sulphuric acid (method O Def. Stan., 03-2), rinsed in distilled
water, air dried and weighed. The specimens were then
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partially immersed in 5 ml, of the test fluid contsined in a
19 x 150 mm, test tube closed, but not sealed, with a poly-
propylene cap, After three weeks, the specimens were removed

band around the liquid/air phase boundary,

Subsequently, repeat tests on these fluids and on all
further fluids utilised a vibrating technigue, This differed
only in that the test tube system wac subjected to 70 cps
vertical oscillation, fed from a powe‘ oscillator at constant
amplitude, This resulted in constant aeration of the sample
and produced more rapid corrosion in a one week test period.
This attack was relatively uniform and not confined solely to

using the method detailed in para 3.5.2,

are given in the f..i-;7ing tabler :-

Table 1 : Bliye Fluiad Rasult:,
Table 2 : Synti.atic Sc'+t:1on and Blank Results,
Table 3 : Aircraft Contaminating Fluid Results.

3.2, Special Investigations

3.2.1. [Investigation i : Severe Corrosion of Carpeted DTD.5020
Machined Floor Panels.

During the course of the programme, instances were

fully protected and painted panels had occurred,

The corrosion product and aqueous extract from the
carpet were both analysed and the aqueous extract used
for corrosion and microbiological tests. In addition,
a simulated aircraft environment test was performed
comparing the aircraft carpet with a sample of now
carpet.

3.2,1,1, Analysis of Corrosion Product

Samples of corrosion product varied in
sodium chloride content from trace levels to
fairly high concenirations of the order 0.1% w/w.,
pH value was approximately 9, No other factor
was found to account for the severity of the
corrosion,

and the corrosion product dissolved in concentrated nitric acid.
The specimens were then rinsed in distilled water, air dried and
reweighed, Attack was fovnd to be slight and coriined to a narrow

Control te.:., were carried out using distilled water and
synthetic corroden-: rontairiang ~hloride and sulptate, Results

reported cf severe pitting corrosion of DTD,5020 machined
floor panels on VC,10 aircraft No, XV107 in the vicinity
of the rear galley, Complete penetration (0.1") of the

the interface, Where appropriate, pH values of the test solution
were taken before and aiter test and also microbiological counts
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3.2.1.2, Analysis of Aqueovus Extracts from the Carpets

G Yoot

The test method used was that described _/
in BS,.3266:1960.

A

A S e

Carpet From Aircraft | New Material
Xv 107
Method of Extraction Cold Hot | Cold Hot
pH 8,86 6.5 | 7.0 5.2
§ Chloride (As NaCl) gl-l 0,45 3.9 0.24 1,5
3 Sulphate (As Na,SO,) g1t 0.32 5,9 0.21 2,1
Weight loss (Method para 3.1)|0.8 mg - 10,8 mg -

3,2,1.3, Microbiclogical Work - Carpet Samples
Extraction Plate Count,

Small samples (2" x 3") were cut from the
carpet at positions both near to and remote from :
] the galley door area, These were extracted in :
. sterile bottles with 10 cc of 0,85% NaCl + 0,1%
b Nonidet P.40 (a non-ionic detergent) and shaken for
- 30 seconds on a mixer, The extract was plated out
3 on both nutrient agar (N.A.)oand malt extract agar
(M.E.A,) and incubated at 30 C for 3 days. All
samples developed microbiological growths, but none
3 produced significantly high gounts. All counts
E were in the region of 1 x 107,

I S i Ao e L

3.2.1.4, Simulated Aircraft Environment Test. i

2 Pieces of carpet of approximately 4" square
were cut from the aircraft sample together with
new carpet samples and placed in contact with

12 s,w.,g. L71 aluminium alloy panels, The upper
surface of the new carpet was microbiologically
inoculated by placing in wet contact with the
aircrgft carpet, The specimens were maintained

at 30 C ana 100% R,H, for 63 days. Examinations

by visual and radiographic methods were made at

7, 14, 29, 49 and 63 days. After 7 days, the
uncovered areas of the panels were generally

3 : corroded whilst pitting corrosion was evident under
both carpet samples, The pitting was slightly
worse under the new carpet and the corrosion product
was green, After 14 days, the corrosion under the

% sample of aircraft carpet was greater and became
1 progressively worse throughout the test, After'
3 63 days the corrosion was estimated to be 0,030"

deep in places, Visible white fungal growth was
present on the upper face of both carpets after
49 days, Control samples of L71 without carpet
were generally corroded but essentially unpitted
efter 63 days,

o,
.
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Investigation 2 @ Corrosion o1 8 Floor Area Adjacent

to a Gallex.

Another example of corrosion of a floor area occurred
during the programme which illustrated the effect of
environment upon corrosion, This is shown in Fig.l
(plan view),

Door
G
A
L
L 1 c
E 5
Y A E
3
| B
COCKPIT 2 3 1 g
l K
— - 5 ;
4
b
. §
3
Door é

Fig,l : FORWARD FUSELAGE AREA (SCHEMATIC)

key: Area 1 Galley underfloor area: Fully painted open
structure,

Area 2 PVC/Glasscloth sandwich construction placed on
top of the fully painted floor,

B Ny D P Ty 7 B

Area 3 Fully painted area covered by a foam underlay
and carpet,
Observed Effects i
Area 1 No corrosion or deterioration of the paint scheme §
had occurred despite considerable contamination 3

with galiey spillage,

Area 2 No corrosion but the paint had been removed and a
swirl pattern had apprared on the metal,

Qrea 3 The paint had blistered and tairviy deep pitting
corrosion of the metal floor had occurred.

A laboratory test was designed to simulate this condition,

Two B,S.L72 sheets 3' x 2' were pretreated by the Alocrom 1200 ;
process and painted with epoxy primer and finish to DTD.5567, 3
as used on the aircraft, Half of the area of each sheet was E

covered; one with the sandwich construction, which is ki
essentially non absorbent, and the other with foam underlay 3
and carpet. Both constructions were placed in a gangway and é
wetted at intervals for three months. At the end of this E




1 period, neither of the two half arcas of exposed paint showed
serious signs of deterioration, Paint under the sandwich
construction was observed to be blistered, but no corrosion
had occurred, Paint under the carpet had discoloured but

no blistering or corrosion had occurred, 4

3.3, Limited Oxygen Supply Tests

These tests were designed to investigate the effect of a
. reduced oxygen availability on the corrosion of aluminium alloys,

s el

3e3els Thunbegngube Test

4NN i

2" x 3" x 18 s.w.gs B.S.L71 specimens radiused at one
end were pickled in chromic/sulphuric acid (method O DEF STAN
03-2), rinsed in water, air dried and weighed. The specimens :
were then partially immersed in 5 ml, of fluid contained in a R
19 x 150 mm., Thunberg tube (See Fig, I1),

YRR

ALKALINE
PYROGALLOL

WO ptagn Lsted o a

SPECIMEN

L A A A

TEST FLUID

Fig.Il : THUNBERG TUBE ASSEMBLY.

The tube was evacuated and the trap partly filled with pyrogallol
to absorb oxygen, After one weex the specimens were removed,
the corrosion product cleaned off in a mixture of 2% chromic
acid and 5% phosphoric acid at 80 C, rinsed in distilled water,
air dried and reweighed., Test results are detailed in Table 6.

3.4, Stress Corrosion

3.4.1. Test Rig

The test rig used for stress corrosion tests was of the
hydraulically operated constant load type. Bach of the four
channels was loaded by means of a hydraulic jack, the pressure
on each being controlled by a dome regulator. Three specimens,
as shown in Fig,III, were loaded in chain in each channel. Side
plates enabled the load to be automatically re-applied to the
chain when one of the specimens failed, The iife of each
specimen was timed by a digital electric time counter. The
counter circuit was completed by wires attached to each end of
the specimen. Failure of the specimen resulted in breakage .
of the wire and the circuit, i
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Fig, ITI : TENSILE TEST SPECIMEN

3 3.4.2. Test Specimens

The test specimens used were 0,25" thick spade ended
type with a gauge length of 0.25" wide and 0.5" long. (See
Fig. I11I). Before assembly, the specimens were pickled
for 30 mins in chromic/sulphuric acid (method O DEF STAN 03-2)
in order to produce a uniform specimen surface. The top ends
of the specimens were protected with a maskant to prevent any

3 galvanic action between the specimen and the stainless steel

ke holder, All tests were carried out on short transverse

3 specimens.
. 3.4.3. Fluid Cups
-3 - The fluids were held in contact with the specimens by means
'f of acrylic plastic cups which were sealed around each specimen
B with a cold curing silicone rubber. At the start of the test,
i ) each specimen was stressed to the desired level, the appropriate
© bilge fluid or control solution placed in the cup and the time

1 to failure determined. Test results are given in Table 4,

3.5, Microbiological Work: Fluid Samples

3.5.1. Identification of Species

’% The identification of the species listed in Table 2 was
undertaken by the Commonwealth Mycological Institute at Kew,
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3,5.2. Change in bPopulation DuringﬁCorrosinn Using Natural

Bilge Fluids,

There have been reperted occasions whepe bacteria played
an important role in the corrosion process. It was decided
to monitor microbiological populations before and after a
corrosion test in order to evaluate possible microbiological
participation in the corrosion processes occurring in the
particular environments being studied., The corrosion test
used was that described in para 3.1, Immediately before
the corrosion test, a portion of the fluid was plated out on
to nutrient agar (N.A,), incubated at 30°%C for 3 days and
counted for total microbiological population, This was
repeated at the end of the test period (7 days). Results
are detailed in Table 3,

3.5.3. Inoculation Tests on Synthetic Fluids.

Synthetic corrodent fluids (1 gl-'1 NaCl) were inoculated
with the following species, both individually and mixed :-

1, Neisseria flava

2, Bacillus megaterium

3. Pseudomonas fluorescens

4. Serratia marcescens

A nutrient consisting of 10 g beef extract, 10 g of gluccse
and 3 g of tryptose per litre was added, and this mixture
used as the corrodent fluid on a vibrating corrosion test
(metlod para 3.1.) Nutrient agar plate counts were taken
before and after the test to assess the behaviour of the
orpanisms, together with pH and weight changes, Results
are detailed in Table 3,

DISCUSSION OF TEST RESULTS

Analysis and Corrosion Test Behaviour of the Bilge Fluids: Table 1.

Generaily the bilge fluids examined were found to be less corrosive
than expected from their composition and particularly with respect to
chloride levels, Control tests with synthetic corrodents (Table 5)
produced much more corrosion at equivalent chloride levels, See
Fig. IV, Only one sample, No.,43, gave a higher weight loss than the
control solution at an equivalent chloride level. Bilge fluids
markedly less corrosive than expected were Nos, 8, 17, 35, 37, 51
and 65, Sample 65 was found to contain an anti-freeze mixture of
glycols with an amine inhibitor and samples 35 and 37 were found to
contain oil, Both of these materials are known to act as corrosion
inhibitors under certain circumstances. Sample 8 was found to
contain chromate, another known inhibitor for aluminium alloy systems,
but no absolute explanation can be offered for the behaviour of
samples Nos, 17 and 51 (but see later in 4,3,). Many cases of high
weight loss can be directly related tou chloride level, c.t, samples
No.l4, 34, 79, H5, Sumple No.54 can be related to low initial pH
and sample No,43 was found to be accompunied by a large increasce in
microbiological activity,
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4.2, Corrclation Between Airframe Corrosion and Corrosion Test
Behavioutr
e <rp

3 Examination of the bilge fluid results listed in Table 1
revealed the following :-

4.2,1. Britannia Aircraft,

3 Bilge fluid sumples taken from the centre wing box

- of Britannia aircraft generally gave significantly higher
corrosion weight losses than sumples from other areas of
this aircraft; see Table ‘j,

3 TABLE 8

3 . BRITANNIA WING BOX SAMPLES

E Sample No, Weight Loss NaCl glnl pH
1 (mg)
14 18.3 0.35 7.2
: 32 12.4 - 4,15
36 0.2 0.02 6.0
43 | 21.1 0.15 6.6
44 2.8 0.03 7.5
54 . 16,7 0.14 3.6
59 1.5 0.27 4.5
68 2.8 0.44 6.9
78 1.9 0.08 5.6
I 1.0 0,37 6.35
i a5 13.8 0.48 5.7
g Average 8.4 0.23 5.8

The avefgge weight loss was 8.4 mg. and chloride level
0,23 gl compared with an average weight loss over

3 20 samples taken from the rear treight bay of 2,1 mg,
3 ad from other arcas also 2.1 mg._, Chloride levels

E from these areas averaged G,74 gl as NaCl, or
discounting the abnormnlly high samples No, 65, 80,
42, 84,averagnd 0,27 gl NaCl,

1.2.2. Comet Aircraft

3
¢,

No fluid from a Comet aircratt pave a weight loss
higher than 8 mg,, i.c. the approximate weight loss given

3 : by a 0,01 gl- NaCl solution on Table 5, but chloride levels
found ranged up to 8,0 gl ~ NaCl, Chromite buags are used
extensively in bilge areas of Comet aircraft, but chromium
wias not always detected i1n the bilge fluid, The average
weight loss over 21 samples was 2,3 mg. Little correlation
R was evident between the sample composition, location within
the aircraft and corrosion behaviour; see Table 9,
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TABLE 9 ﬂ
COMET SAMPLES
g P
Sample | Weight Position | Cr Nu_(."l pH Approximate :’i
- No, Loss ppm gl Weight Loss ;
4 (mg) Expected Based F
3 Upon NaCl g
3 ‘ Concentration. E
10 744 ESB 10,1 8.0 6.6 35
22 7.0 ESB | Ni 0,00] 5.5 17
P | 6.4 W - P 0,00} 5,05 17
| 28 | 0.6 RFB . Ni2 | 0,06 | 6.85 10
- F 20 ! 1.6 kB 0.1 | 0.09 . 5.45 17
§ i 30 ! 3,9 RFB . Nil 0.32 1 5.2 25
3 ' 3} ool RFB  12.5 0,08 6,25 17 ;
i 34 | 0.4 HY - - 8.7 - E
. 37 | o RFB  Nil | 0,60 5.4 30
I N RFB Nil 0,04 , 4,15 | 8 ‘
48 i 0.1 RFB 4.7 0.10 - 7.2 17 é
E | A RFB  Nil 0.08 | 6.2 | 17 i
E | , 50 | 2.8 s8 ' N1 | 010 5.3 17 i
* . 51 0.2 | B N1 | 0.5 | 6o | @ §
{ sz [ 25 | asB [N | 09| 35| 27 3
3 53 2.2 ESB . Nil - oae | - 3
. 57 . 54 | HY 5.8 1.40 6.0 35
E P70 0 | RFR | 1.0 | 0.8 { g0 25
7 oo RFB | N1 | 0.1 | 6.7 20 :
L 87 10 RIB 5.8 | 0.20| 7.25 | 20 3
e 0. g | N | oo | oaa b a7
Average | 2.3 ) 1
KEY: ASB - Aileron Servodyne Bay. f
f FFB - Forward Freight Bay. :f
E ) ESB = Elevator Servodyne Bay, j::
HY - Hydraulics Bay. i
RFB - Rear Freight Bay, g
; B = Servodyne bay ;
‘ p = Presoent
" 4,3, Test Work on som: Airerait Contaminating Fluids; Table 7,
The aircraft fluids selected included cleaning tluids, beverages
3 and toilet fluids, The following facts were noted -
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4.4.

4.5,

1. ‘The fluids tended to be more corrosive than balpge tluids
and corresponded more nearly to the svnthetic chloride
corrodents;  see Fig, IV, High weight losses obtained with
beverages associated with galley arcas, and materials
assoctated with toilet areas, c.g, urine and toilet 1luids,
contirmed that these arcas sre likely to be highly vulnerable
towards corrosion,

2. The introduction of an inert tlocculent material (cellulose
pulp) decreased the corrosion weight Joss obtained with
ehloride solutions, i,e. comparing ¥1 and ¥5 in Tuble 7
with the equivalent solutions in Table 5, This may be a
contributing fuctor towards the inhibition shown by the
bilge fluids since many contained such materials, e.g.
bilge tluid No,51,

Reduced Oxygen lLevel Tests; Table 6

The results detailed in Table 6 indicated that the nature
of the corrosion product changed upon reducing the oxygen level
in the corrodent solution, with a resulting black relatively
adherent uniform deposit which was difficult to remove, VWeight
losses were found to be relatively independent of chloride levels
and very markedly affected by the addition of chromate ~ much more
s0 than with fully aerated solutions, This black corrosion product
has also been observed under carpet samples used in sandwich corrosion
tests., Its nature was not determined.

Stress Corrusion Tests; Table 4

All fluids gave results of a similar order when tested at
90% of the proot stress with the VAAS 554 (Al1/Cu) specimens tending
to give the rather longer lives., When tested at 60% of the proof
stress the DTD.H050 (Al/Zn) specimens gave slightly increased lives
in contact with some bilge fluids. VAAS 554 specimens showed
greatly increased lives at 60% proot stress with the exception of
taose in contact with Fluid 65 (high chloride, los weight loss).
See Figs, Va and Vb,
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1.6, Microbiolopical Work

4.6.1. Microbiological ldentitications, Table 2,

The microbiological species listed in Table 2 include
species which have previously been identitied as capable
ol assisting corrosion under the appropriate conditions,
These were Achromobacter, Micrococcus, Pseudomonas, Bacillus
and Flavobacterium, all being species of bacteria, In
addition, a fungus Cladosporium sp. and various species of
veasts were identified, Generally the majority of species
identitied were bacteria and were randomly distributed
throughout the aircraft, It should be noted that the
microbiological species identitfied were those typically
found in many c¢nvironments, and that the quantities found
were considered also to be fairly typical, Areas
immediately in the vicinity of toilets werce tound to be
relatively sterile, presumably due to disinfectant measures,

3
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3 4.6.,2, Microbiologically Assisted Corrosion; Table 3

Of the bilge fluids monitored for microbial activity
during corrosion, four gave quite large weight losses,
In two cases (Fluids 54 and 57), this weight loss might be
attributed to high acidity and chloride levels respectively.
. During the corrosion test, the total microbial populations in
: these two samples fell to almost zero, indicating little
4 participation 3in the corrosion process., Samples 43 and 60
exhibited growths in microbial populations, and analysis gave
oaly moderate chloride levels and almost neutral pH values,
indicating possible microbial participation, This led to a
2 further investigation on synthetic fluids 28/2 to 28/6) which
4 were inoculated with various species of bacteria as shown in
Table 3, During the test period negligible corrosion occurred
apd, considering the high initial chloride levels, these fluids
appeared to be remarkably inhibited, However, large increases
in microbial populations occurred, Further work would be
required to fully investigate the implications of these
4 results, but the presence of phosphates and other potential
inhibitors in the nutrients (including soups and broths)
pussibly affects the corrosion rate,
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3 4.7, Specinl Investigutions

The two cases ol pitting corrosion reported in paras 3,2.1,
and 3.2.2. were of a similar nature,

; 4.7.1. Cerrosion of the DTD,5020, tully pretreated and painted

/ machined floor panels (para 3,2.1.) bad occurred around an

area adjacent to the galley, The area was cuovered with a

e ) carpet/foam underlay system, Analysis of the aqueous

: extracts from the carpet (3,2.1.2,) gave high chloride

tigures, but negligible corrosion was ovbtained using this

extrict as the corrodent 1n the laboratory corrosion test

3 (para 3.1.,) The carpet test (para 3,2,1.4,) was performed

4 in order to assess local environmental etfects, in the
aircratt the carpet/underlay svstem obviously retains any

A tluid spillage for a relatively long period, Spillage

4 from the galley will leach chlorade from the carpet in

: addition to being itself a source of corrodents, Initially,

and to produce an effect within a reasonably short period,

,é the test panels used were unpainted and, as reported in
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para 3,2,1,, 0.030" of corroston wis proeduced under the
aireraft carpet sample in 63 davs, The wolght louss of
these panels when represented as a fraction of the total
weight of the punels is very small, but tn structural

terns severe corrosion has been produced, This illustrates
the difficulty in assessing this type of corrosion in
numerical terms and indicates the shortcomings of weight
loss measurements,

4,7.2, The investigation into a second example of floor
corrusion (para 3.2.2.) again illustrated the environmental
aspects relating to corrosion, Area 1 in Fig.,] is directly
underneath the galley and is a fully painted open structure.
No corrosion had occurred but there was abundant evidence
of galley spillage, Area 2 15 in front of the galley and
was painted to the same standard, This was overlaid with a
PYC/glusscloth laminate, which is essentially non-absorbent.
The paint had been removed, presumably by physical action,
but no corrosion hiad occurred althougn the metal surface
contained evidence of dried liquid-borne contaminants,

Area 3 was located immediately inside the passenger
compartment, The paint system was virtually intact

except for blisiered areas which contained fairly deep
pitting corrosion. This area is covered by a foam
underlay/carpet system, The test, reported in para 3,2.2.,
attempted to reproduce these conditions, using fully painted

o
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panels, and succeeded in removing paint from under the Area 2 4
simulation, The Area 3 situation did not produce any corrosion 3
in the test period (3 months), but the paint finish did become %
stained. With reference to the carpet tests reported above, 4
it is reasonable to suppose that once the paint film becomes 3
broken or porous, pitting corrosion will occur. 3
3

The influence, or otherwise, of microbial participation E

in pitting corrosion under these circumstances was not proven. %
3

5. GENERAL DISCUSSION

5.1, Airframe Corrosion: Bacgground Intormation

The aim of this activity was to obtain as much information
as possible relating to the corrosion behaviour of the aircraft

: types under investigation, Information wis obtained both by visual
3 observation and by consultation, The former activity tended to be
limited to the structure available for inssection as dictated by the
service schedule, and often yielded comparatively little information,
However, many of the aircrat't involved in the programme also featured
in a Central Servicing Design Establishment (C.S.D.E.) Repourt (No,R3/6k)
. on corrosion in keel areas of Royal Air Force aircratt, and discussions

with C,8.D.E. revealed that many of the aaircratt types involved in the

programme had suffered corrosion damage as detailed in this report.
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5.2, It has been noted during examination of aircraft, both in
this programme and previously with earlier aircraft, that the pattern
of corrosion has tended to vary with the type of protection used at :
manutacturc, Aircrait of the Britannia/Comet/Viscount period A
suffered corrosion of skins, primarily at lap joints in the vicinity 3
of toilets and gulley areas, which sometimes necessitiated structural g
replacements, ’ 3
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Later ajreraft, c,g. VC-10, used improved sealants and
paint systems and to date little corrosion hias been experienced
within joints. Where corrosion has occurred it is more usually
associated with the juxtaposition of materials, notably where
absorbent coverings are placed in contact with tully painted areas,
where such a combination is {requently wetted, breakdown of the paint
film sometimes occurs by a blistering mechanism, followed by corrosion
of the underlying or exposed metal, In such circumstances, if it is
not possible to isolate the palinted metal by, for example, a selt-
adhesive plastic film, tihe use of a more permeable puint system such
as a primer only system may be of benefit,

6. CONCLUSIONS

6.1,

6.2,

6.3,

During this investigation into the corrosion properties of
airframe contaminants, 64 samples collected from varioug aircraft
were chemically examined and subjected to corrosion tests using
some typical aircraft aluminium alloys,

Assessment of corrosivity was by a weight loss measurement,
Weight losses were compared with results from @ similar number of
tests performed using syn*hetic (mainly chloride) corrodents, some
typical aircraft fluids and blank solutions. This comparison
reveialed that at equivalent contaminant levels (chloride, pH etc.),
the airframe bilge fluids showed considerable inhibition, but the
corrosivity of the aircraft contaminating fluids was much as
expected, In some cases the inhibition was explained by the
presence of known iphibitors (chromete and nitrogenous bases ete.),
but generally the inhibition was unexpccted,

Stress corrusion tests did not produce similar inhibitions,
At the 90% piroof stress level, all specimens showed similar times
tu tailure, indicating that at this stress level, test parameters
other than stress have little intluence, At the 60% proof stress
level, variations between test fluids and control fluids were found.
DTD.5050 (Al/Zn alloy) generally exhibited inhibition with the test
fluids relative to control fluids, Fig. Vb, but VAAS 554 (Al/Cu)
specimens, Fig, Va,generally gave shorter lives for the test fluids
relative to control fluids, Overall the VAAS 554 alloy was found
to be less susceptible to stress corrosion cracking than DTD,5050,

It would appear that, close to their source, fluids are
potentially relatively corrosive, and in travelling to bilge areas,
assisted in their passage by condensate, they accunulsate solids,
oils and greases and inhibitors, such as chromate, which progressiveiy
decrcase their corrosivity, Some correlation was obteired between
the behaviour oi certain fluids and their location within the aireraft.
In particular, the wing box are* of Britannia aircraft was stiown to be
exposed to a potentially highes risk of corrusion from bilge fluid
contamination than some other arcas of this aircraft,

Generally, however, most corrosion which can be dirceetly
aseribed to the presence of particular corrodents= as likely to vcecur
in the vicimity of the source of ‘hese corrodents;  i.o, near palley
and toilet arcas and areas where spillages mav ocour, o.g. battesy
bavs, in other areas, .. floor arcos, the nature of the fluid
probably has less intluence than other tactors such as materials
combination and lack of adequate protection. Chromate appears from
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test resulis to be particularly beneficial in arcas where
oxygen supply is limited, e.,g. crevices. Results of
microbiological work undertaken in the programme did not
indicate that the presence of microbiological species
automatically led to increased corrosion, However, it is
probable that under favouyrable conditions some contribution
from such agents occurs as has been, demonstrated in aircraft
fucl tanks and reported clsewhere, ° Simulation of these
conditions in laboratory experiments designed to isolate the
specitic effects of microbiological species is outside of the
scope of this programme,

REFERENCES

LAt R n T g A L s S . ey "y oo . . i
AR A P AT Ko, o8 SEBL AL ol A N BN B AL 831810 ¢ Ated Bt 2 AL A P AU e DT SR 2w S R U ch a0 80 % L K i R i A0 e ot S TP 8 0 S, o5 R 30NN U st s st n e S

.
-

5

h}h L1 gt e



[
(]

o*o - 9°0 TIN TN TIN TN - uois w3 v'S 3am0D 86cUX dve Aeg IuBreay ey L
9€ 20 - z0°0 (N {IN TN TIN 5t T 0°9 wiuuwlItIg LevRX ave wog Juia e
uoSINw3
st <o - 0s°0 e TIN TR 1IN ££-2 1 c'9 wyuwe3vag L3¥IX N dvg 1udTexg 1uwsy JO IWOXY €
re ¥°0 - - I TIN - - xe-2 uotsTnuy L9 Jamo) 66EUX ave Aeg IyMmuapiy "
€c (322 - se'o d TIN 1IN 1IN § 2 ™ €L wtuuwitIg EYX ani Aeg 3uBtexy away jJo fwoay [ 1
4> vzt - - d TN - - %01 1 148 syuue Yag 96 HIX ave xog Juig zc
1€ 1°0 - 80°'0 3 TIN szt 181} 1 TIN s2°9 33202 L684X Fag Avg 3uBisig awey 1€
ot 6°¢c - ze°0 UN } TIN 141 - uots ney z°c 3am0D L68¥X va Keg IuStead avey o¢
62 9% - 60°0 1 1 t'o < TN - wis Ny S 32w0) L6€UX ove Aeg 1yBiaad Jvay sz
8z 9°0 - $0'0 1 141 1IN uN %t TIN cntg 33m0) L6euX ove Kkwg 1ySyeag 1eey 1
€2 v'9 z*2 ot'o TN 1 d TN - woisneg - 3am0D S6EHX &vd Awg Sy IOSIDAH sz
oL L0 80'0 1 1 TN TIN %ce d [+ 1m0 SEEUX 4vd Leg MAPOAIIS J0IWASTT T
9°0 0 80°0 TIN TIN TN 137} %t TN 9'9 “ruuel 11g 96MX avd Awg IyByaag Isoy Jo Iuoxg ¢
¥'0 z°0 o ey TN [ ¢ 1IN vwry TIN e n{uueltad 96PKX Fi Avg 1ylSvez; avoy oT
yL 8°0 0o's d d 1o € TN - uotsnwg 9°9 3woD 96£HX avi Ang euipoalas 303wART3 14
L°0 91 ¥8°0 4 ‘ TN TN 1IN TN TN szL ‘putetag POPNX ova Aeg 1yS1exy pIwalogd L1
€81 2'c co 1 TN TN TIN £4 1 FAS nruverag SOMNX i xog Suia 124
(-] 0] 91'0 L i TIN z'o TIN (%4 TN 62 saynoaay ZETAX ova 20014 dewy et
- - - - - - ' - N %001 - SITNOIIH ZETAX ove sare wiqe) 3O juoxd o0
9°0 z°0 09°0 d TIN [ 4 TIN %1 TR 9°L sjuweITIg 099TX ova Aeq 1yBjed3 awaz jo a0y ]
0 o°0 ot*o TN TIN TIN TIN %z 1 6'9 sjuueijag 099X ove oT1adeN € “oN e
€0 z'o 21’0 d TN TN TN 144 141 oL sjuueliag 0991t ovg otraomy Z “oN ¢
Ereraial B A7A
[¢] wdd sp1tos Aq *oN
"R 5557 34TToR 15ex Yos%ex w a5 a4 papuadsng tio ud adfy oy | con o/v| perdmsg wotIes0] stdung

SLTNSIH LSIL NDISOHI0D ANV SISATYNY ° SAINT IVTIN

1 THVL
- O -

L0 L A N e ity Al Tt LR T s L v g NI T 18 g v g Sy 0T NS D tor B o




Gerah i LR S 2 e o L e

Lt 0o o€ 2+ zeto 82°0 5N TN TIN Lpuotd TN 9°¢ | syuuniiag 96bNx | *4°V°Y Awg 3uSraxg I3y JO juod L
9L - - - b UN - TN uoisnmy 157 - wyuuey y2g worx | Cdcvy Aug M asr paeas €%
S. 8'0 AR #0°0 TN TIN o TIN L TN zoL | epuuwitag vourx | cacvey dug 1331013 svay 3O I SL
2z z'o 08° 1+ e TIN TIN TIN TN %z 131} (A4 ] 12m0) s6eyYx | *o°v'g Awg 1uP1exd Iesy 3O 0O 1@
W 2 0°o oE* T+ 82°0 TN TN o't TIN %2 TN 5°9 1°m0) 8seyx | *o°v'g Awg 3q¥es Jeey Jo 3 oL
69 v'e oLto+ 90°0 1IN TN 141 N 1 N L*L | myuumizag »OPNX | *d°V°N Awg 34yS183g Iveyg Jo 3 69
89 8°2 SPe T+ SYeo goe TN TIN TIN k4 TIN 6°9 | wruueitag orx | 3" vy xog Suy 9
99 Lo ST 0+ - - - TN - - TN 0°L } wyuueltag LeyRx | cotv's Lvg Mesg 163X Jo 3 9
S9 9'0 <91+ 62°L TIN TN TIN TIN % TN €°9 | eyuueitag wsemx | co'vee Aeg IyPrexd Iwey JO WO, 9
: 19 €0 oz 1+ stc TN 1IN ST°0 TIN %t TN g ¢ | wyuueiiag 099X | *a'v'y Awg Iu¥reag Jesy jo 3 19 ;
“ 09 e'0t or° 1+ ¥2*0 UN TN 2o TN % -1 TIN 1°L | wyuumitag 999X | *d°v'y Aeg IuSiexd rv [ -
35S s 1 ot z+ IXAL) 9€°0 TIN TIN TN ® -1 i sy | wyuueliag 099TX | ‘&°Y'ud xog Puy s
! L8 $°g 08° 1+ {28 1IN i 8¢ TN uoys Ny l 0°’s 319m0) e6eux | ‘AL v°u Awg STINEIPAR 280U LS
! 9g 80 oe [+ N4 83 UN TN ot TIN 34 1IN 1" | wrwitag YouNxX | 4 V¥ Aug 3uByeay leay Jo 3 1]
m $S "o 09'0* sT°0 1R TIN 8%t TN £14 L 6L | wyuuwitag 099TX | “d°V°¥ Aeg 332yeag Iy JO U0l (14
! ¥e Lot A2 1 241 TN tIN TN TIN %2 1l g°t | syuuwitag 099TX | *4°v°¥ zog Puy *”
€¢ e oz 2 - UX TN 1N TIN TN 1 3 4 1980 96€HxX | "d°VH Aeg ouipoaIas Jojsmasy cs
zs s 2 Sy o~ 60°0 IIN 1 TIN TN TN 1 S6°¢ 3aw0) 96€¥X | "d°V°¥ Awg eulposzes woIeLT s
i) 2o o8 1+ $6°0 1435 UN TIN 14T 201 TN 69 1om0) 96e¥x | “d'v'y Leg 1uBrezs P ¢
i ag 8°Z o2+ ot'o [$£1 1 TN N TIN %S €°s 319€00 96EHX | "d°Vv°Y Awg aufpossss Is os
ut [ 38 4 agece 80°0 TN 142 IR TN TR p4 2°9 19w0) O6ERX | *4°V°Y Aeg 3ustieag aw 8y
¢ 1o /AN 44 or°o 8 4l us L'y 1IN £t > TIN 2L 1330) 86EYX | *a°V'H Lvg 3udreig 3 14
e A 091+ »0°0 TN 1IN 1IN TIN TN L 2442 32@0) v6CHX | *d°ven £eg uByesa 3w Ly
or | c°o €0° 0= - L TN N 1IN <001 9°8 cacvy .
(43 m ¥0 [ e o ¥2°0 TIN £9°0 TN %S TN 9-L | sruueitag LEVAX | "2 V'Y Leg 1udroxg rwey jJo 3 (- 4 :
sv | £z 28°0+ €0°0 UN UuN <0*0 TIN %t > 1437] ¢°L | sunmitag v | 4 v xog Buy "
ct ! L3 1] 12 st o b 1 [ ] UN %€ -2 votstnwz| ©°9 | wyuveitag IGHRX | V'Y xoq Suy cr ,ﬁ
aF 3§ 99°0+ 6€°0 61°0 TN 29°0 Ty %> UN '8 | wpuusmytag o6V | ‘d°Vy Awg 1yBro3a Jway JO 3 ey ]
143 z'0 29°0+ 1£°0 TN TN Pt IR %1 > c 9L | sjuuwitag YOUNX | 4 VN Aeg JuBresg " 3
os s*o €10+ Lo N UN ST 1 TIN Lt > o €' | wruuwiyag 099X | *a°v'y Aeg 1yStaxg Iw or 4
6E ¥°0 0o g41°0 N TN o010 TIN %t v TN 1°% | sjuueitig o6WAX | *da°V°'Y Keg 3ulyerg Jvey Jo 3 o 4
4 e38 £ - 28°0 9¥°0 TIN b4 L TN 21 N 8°L 01°2A €OTAX | ‘d°v°u 6/£ WIITY [ 3 ”
: 3uyivaqia | woysozaos n/A . k
i oN ﬁ saae 1 Burarp ulnu -T2 *udd spY 108 odfy *oN Lg " oy s
a1dzes 2w ssot 232@ ud 1N ¥os?eN v 2D &3 papuadsng 1o Hd 130ty | 13vadatv| perdwes WO§II0T ordweg
SITNS3H 1S3l NDISOHUDD GNV SISKTVNV  :S0Inid #0108
(*P3000) T TWL
-1 =




mUTI T TR T T AT Derreya W eRTag AT 0RO o
vt /. R D e T e LI R e R
\

G VR B T

7

R L R R Tt

N MU TR T TLeR 4T 1 TR AT ITi et
B L LV AL xR v 7 PR T—
ST s R TR Y ST T Y T T R AT

+pInTs Auw U PEIDGIWP 10U FEA Mmwudeodd T [onivesd
Juesexy d 3
A0 sOwLy L ]
. c8e *a’l'u S
PINTE OTINEINIK POOUOT Te
150 3s388ta Te @ WEIDR
68 SE*0 L1+ - 1 1IN _ o d TiN _ TIN d 1 TIN od 4 jowod 86EuX o'v'g Aeg 1IgBTaxg Ivey ]
88 - - - 1 TIN _ £2°0 d d TN d 1 TN | se¥ 312600 86£YX ‘o°v'd Asg suiporing [
| L8 o SETO+ - . N TN} oz°o TIN TN _ 8°¢ TN 1 N | s2e 19802 SEEUX *o°v'a Aeg 1yBraxg xeey L8
| <8 8'El - | -2 ¢ TN (TN . 8v°o KA TIN | TN TIN %t TN m s°g { eyuweltad 1 Glg *d'v'y xog HTA =]
ve L'9 - _ 6°C 1IN m TIN , Spe°t ) 1 TN _ 8°0 41 l UN g*'g | eyruusiyag SEOTX *Zv aojon dutd 39pun e
z8 £°c - I e» TIN | TN ; 8§°2 HI A TIN | TIN TIN %2z TIN | SO°8 ! myuueivig 16VRX *g°y'y - Awg 1qBtaad Ieay jJo jvoyy z8
18 o't - " 2t « TIN TN ' ieto TIN TN TN TN 1 TIN | S€°9 | wyuueitag LEVRX *a'ved _ xog ZuiA )
o8 6°1 : - ! 2z TN TN T0°T TN N ' 90 TN . i 1IN 7 6°9 } eyuusltlg 099X ‘acvey Aug 1ultoxg Iwey os
,, 6L 601 - oSt TN DTN * 180 TN TN UN 1IN 1 TIN g€°¢L | eyuuertrag 099X *q4°vy Aeg 3uSyezg Jeay JO IuCId 6L
m -7 6°1 m - 'oo TN TIN _ 80°0 un | TN TIN TN L TN 9°¢ | syuueitag 099X d°v'y xog MT4 8L
| “Su i . )
y uo1s0dI0) | UOTIOII0D =13
v “oN ss07 Surang | SPTIOS | Soy | oy - -2 cwd-d spy108 adAL oN ig .| CoN
; arduss 3y3ion Hd ¥ | 1m30L _ - -€ {mN | YosZen| TV 1D o3 |papuadsns | (t0 nd 313ty | 33eadatvy | perdwes WOTIDOT srdweg
: i
1

I E e e e T T 1]

SITNCaU LSSl NOISOYNOD GNV SISATYNY :SCINTA 391iE

————

(*»iw00) 1 IWVL

-ZC -

b g by, R

P i Ny TR E S 2 g gt it




ST N e T .7/4 AR

.

B R B R A Lo

R L LG T TS BTt DA

BRI T

g memoayt o

oz *ds snyyiovy e1a830%y 1zzr's
R ¢ *ds Sysdotniol L1qvqoxd EL L)Y ozer's
et sjuueyyag YOPNX qeas 39110l Iapun [yep Keg Iy3raxg Iway non x9 *ds BINIOI0POUY A{q9GOd Is08; [.3¢4 af -] 81
LT ET daqnd 333deqouiwelodd - [2cd 4]
- OTZ¥° g 03 IeIINYs ‘ds WnIIadwqoAeld - e
JOU X S°F °ds ENII9IWQOASTY w orzye
o=z S3TpAIne J930WqoWOIUOY - [ 14 4d -]
VA Bsiuuel1ag »OFPrNNY U«:U«.— aﬂm #nwdﬂhm pIeaAI0qd ﬂOA x 2t syeoIeg nb:ﬂﬂﬂﬂlnvﬂ< - 0sr°8 FA
$Ot X §°2 ©ds WNyIa308qOASTY wyle3oeg |- 3¢4 24" 1
) WOorxs - Isse; L12y°8
O X 7L *ds wniIa1dvqrAIg - oTITY’8
| DU = e °ds sniiaideqoasyy - [-1¢4 48]
24 stuunITIg FOYNX qeas | Leg 1y31axg ul 3urqaIM UO YIMOJID STATSTA or x §°¢L *ds I33>eqomOIYOY e139309g (24 ] [-19
: _ _ - sy3a0213 1eluny Jo SINIXIW SEBOID snlung
£1 sagnoavy Zetax ' qesg | doy £atren | *sJaqunu [{wes uy 3sead aup Issag | 1516’8 134
|13 . oo +ds TTnI636p00H ssa; | sotreq
H i
. . 00o¥ *ds ENYI3II8qOAS L - 0Ir'd
) “ ' 0o¢g TIe19@0(TU0O SNOJ0D0ADTN sgasiong wt's
_ nOﬂ 9 !uOﬂadﬂﬂﬂﬂmq—a SINUISUSH 1988} 201’8
: i
i . orxo9 wprInd Teuowopnesg " oty d
m m nou x g *ds ssuowmopnasqd - »ore°a
2 erureitsg | o099 quag | dor Katten JOU X S°F *ds Why393owqaukiog - cowa L
o1 dnoa3 Snaiad ds sniriong - 1019°a
oz *EWh1Ie18den sar(Iovg - oots°d
9 syuuelyag " cI91X qeas Xog 313[¥0L jo dor ot *ds 1230eqomOIYDY " 660%°¢ 9
f orxe L60P°H WOIZ IUIIIIITIP *dS WNTIS3OBQOATLI " 860" €
von L A ¢ *ds En1I23IWQOAS (4 - L8099
(1aqnhx J33deqoutwsioad
$00 [ ¢ £1q1ssod 10) °ds sSsucEOpPnasd - 9260Y°Q
WOt X 22 ¥60¥°€g 03 ITTiES °dS SJUOWOPNISY - [ 4d
[ wTutelTIg 093X PINbET | AITT#D % ILTTOL 22pUn waly a371g alerasng oL T T°E °ds sSsuouopnasd “ veov's ]
v wrauelyag 099X quas adyg uyexq 3a(10L ot *d8 $nd3020301K ey3I930%g €o0%°Q ’
>4 syunelyag 099X qeag 331Tol J3pun (ren 3urasnd Iamoq noﬂ X g¥°1 Ticwe; sysdoiniog 318e8) z60v°d [
*oN adiy *a/s11e2 *ON *oN
aydusg adAy o/v | ‘on o/v orceg uotIwdo] Junoy *xoxddy miurdio jo ewEN adAy INE ‘srdaes

SIIIRYS AINId IDTIE 40 NOILVNINVXI TVOIOOTOIS0HIIN

S AN 2 B 3 A D gt DLV o Al 2143

40 il

T 318VL
- 52 -

s e
.

Corer i 2y




{ sajuotoy Ausy ds Wngaodsoperd snfunyg
ol X € - seex
€
29 eguuel fag 96¥NX qeag Ot xE wpr3nd Svuowopnasd -
atraals AsTTeD Jway sotag Ot x Weindeo *nllioee -
nOu X9 Wnt3e3sdam snrrrovg - L9¢r° 8 z9
(62 % 82 WO Ajeiwdas Ing 03 IUISWPY) non xg SUIDSIIONT; FBUOWOPNIBY - |9z
! (€92v°d 03 _
ot ISW0) LEEHX v«g.«d hlﬂ unu.«ﬂhh 483y OO—_ X9 1s ~A& VU234 Ihluanlv SUIDSIIONTF sSsucwOpnasd . FX-14A M| H ot
'3 .
! | (c9zy°q 031 .
44 R . ﬂOn x Q 18D TIUIPT -hluaalv SUAISIIONTZ STIUOWOPNISH st3INdeg ﬂbN’-l N
) i Ot x 9t *ds wTnIoI0POUY asvex | 69z%°9 |
,,w, nOu x ¢°¢ ds sny3331doeqoAsLd - gTy'e _
g2 woll ajexudas inq ‘o3 juadwelpy) ot xz 19Zy°g 03 dsIimys °ds Svuceopnasg cocv'a
, ¢ ¢ - !
6z 19w0) 664X pynbyy Acg 1uydraxg Jeay orx?y 192Zb°€ 01 J1B(E]S *ds SFUCWOPNING - yozy g _ ez
' T
vou x g 2929°H O1 JCTIIMIS SUIISIIONTS SEUCWOPNIS] ” [~ 14 o S
, VOA g SU22SIIONTS SBUOWOPNISY - (424 Ad w
8z 12e0p L684% | PpInbI Aeg 1yBraag Jeay O * 9°€ *ds Ssucsopnasd | wyasideg | 19z¥°E | st
W 22 33uw0) 26€4X qess Leg 1131334 pinmdog SOt X €°8 *ds w{nIo3opoyy 190K oLzy's >4
v..: x 2 33qnd  Jaydwqoutwsiodd - [1:24 o8 ]
ot x [3¢4 fC2P°d 01 IVLTWES °ds IIIDTQOWOIYDIY - (174 4d |
non x9 *ds 1233%QOEOIYDY - ecor's
ot e *ds wnyI330WqTASlg - Le2v°8
: oz 32@0) L6EYX qeas Awg 3y37axd plestog (LOL X 6°1 *ds En{I910VqOARTd ogI0309g gczyd oz
“oN adsy * ru/sT1a0 *oN *oN
atdues .- 9dAL /Y *ON o/V atduesg uoyiedey Iunoy *xoxddy usyusdlo Jo swmy (1744 14 1 4 srdwes

Y
)
*
i
3
i
i
s
i
A
S
}
v

(*P,3200) T ¥FIWVL




L) bk Gexciabi bl yarT

R A b S a0 AU S LU e a X AT it 4 AT PRI A D i Al L TR al AT Rl i g i) "
i gty b LG AR Ak s it v o Lot A FRTET g, T T
M CRAR A e Charttd o 3l o LR

G i VI KA i o A g An vt e 2

b
|
L
i
f

*Peses) £314332V T¥IACIDTNe i

( ssoon ot )
o133t Jed M ssoydhar 3¢ .
V (39%21xy Jeog JOT N Loy i
' a 4 - “ - - 6°S 1IN 9°0+ ¥a'o - Ausg 291wA PatLTVISTA |
B
* SUadSADSER k-
9/82S - _ - - ge°S o1 [~ 24 [-7A{) Pr*e {¢ | WIRLIS ¢ 2A0QY 7O ¥IW + § + TP 31°0 9o/8ts N
, S/82S _ - { - ) - 0s°s o't 0°E+ 8°0 PO * € FRoeaion(] sSwuowopnasd + N ¢ LOWN %1°0 [-74 1] h
b i i
¥/82S - ! - - 90°9 ot [-7A 24 80 Qorxe &« Wn1I93cdo8 SnrTiovg + N ¢+ 1N %1°0 »/82S
' ) e—— T —————— !
€/92S ~ - - - S0°9 o't | GE* O+ 30 0T * s« TATLS BTIIUsTIN ¢ N ¢ (0% %1°0 /Ry
s
z/828 _ - : - - 09 o't $9°0~ vt QU * ¥z (N) JuBTJIINX + TOEN %1°0 z/ezs |
19 w 099X wiuuel 11g {Aeg 1481312 I®IY jO Juol4 azeL steo 21+ €°0 Ot ¥ 079+ - - ¢ A
08 ! 099X ! +®iuuwiyag fug yydzazgd awey £T°L L ZA & 24 8°0% O X o€ - - o a
6S | 099X = wruuellsd xog Zuia sy’ ¥y 20 e 2Ze et Ot X L1~ - - [ 14
e ! 96E¥X i 13m0 Awg ayTneaply 1apun 26°% {2 4 “ 91+ [ 244 P X UUE- - - L8 ‘B
o ! vopsx _ sruuwitag | Aeg 3yBraad 23y jJo juoxd | OT°L st'o ¢ [ &4 9°0 g0 * $°Z+ - - 1 '
LIS 099X | vwruuelyag |Aeg IuBraLd Ivay jo uoid £6°L st1°0 9°0+ t°0 g0 X 8°24 - - [ 3
s | o99mX * wruvvitae xog Buia{ €9°¢ 24 ALY L9t e 0T * T2~ - - 4] 1
114 690X _ wpuuel t4g xof 3ura Ly, €0°0 8°0¢ ez 01 * v°2- - - ” ;
(33 26¥WX stuueIyag x0g Buin 19'9 | S§t'0 1°2+ 1°12 g0l * ¥io* - - [ 3
q
[4 4 9CHNX sjuuwitag | Avg 3y31o3g Ivay jo Juold yi°'8 ' 6E°0 L°0+ [0 ¢ Ot * 971- - . o .
14 POVNX spuueIvig Aug 3yByazqd qe2y! 09°L * 1€°0 6°0+ z°0 $oL X o6t - - ™ p
[ 96¥RX sjuuwitag | Aeg 14drazyg Juay jo juosd ot's 81°0 10°0+ 0 O * L°6+ pinyd afuig [ 3
A
oo ;
*oN ‘ox ad&y, ud 1# |uoysoirod Butang |uoysoxzod 3utanp uogsollod Sugzap *on
ardwes | 1zedayy 33eI0ITY ot terIgul mblz Hd uy adusyd yBtap uy ssol juoriendod uy IBuwy) wotidiioseg siuweg oydung {
4
e it e P et A
MOISOWHOD ONIMNA SEONVHD 'OILVINDOd TVI{I0TW(EOUIIR ;
€ IVl :
- g8 - :,,,
;1.
;._.r
¥,
i
§
1
St b kot ALl 2l el S b e N b S e e S o) 4 Lo St P A . 1 gt e L Ly b et ‘_x‘
“ idindal e [t Rl o oty ive i oy i ” R it Wl




- 26 -

TABLE 1

BILGE FLUID STRESS CORROSION TEST RESULTS

4 VAAS 554 (LO3) TYPE SPECIMENS DTD.S050 (2024 13) SPECIMENS
90% Proof 60% Proof 90% Proot 6U% Proof
Fluid Failure Fluid Failure Fluid Failure Fluid Failure
Hrs. Hrs, firs, Hrs,
: 33 36 33 976 33 10 33 21
: |
64 1311 ; 24 21
69 1489 i 46 P10
! I 1
: 43 54 P43 279 43 : 26 43 t 101
Z M §
) 64 l 665 35 l 125
- o8 | 1106 46 | 193
{ 4
63 36 ! 65 65 65 24 65 | 45
71 i 137 24 193
o8 ! 137 75 210
1 0.1 g17! 1 loagt| 1631 [o.1 @? 23 | 0, g1} 19
NaCl 81 NaCl 1815  |INaci 24 | NaCl 21
3 117 1983 30 36
3 Acidificd 70 - - Acidified 9 - -
‘ Salt 169 - - Salt 16 - -
Spray 169 - - Spray 22 - -
2 3.5% l 3.5% ]
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TABLE &
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CORROSION WELIGHT LOSSES USING SYNTHETIC CORRODENT SOLUTIONS
N
s . Analysis gl-l é
ample| Weight | Average 3
No. Loss Nacl ! Na_sO |k cro Romarks
mg. 2 4 2 4 j
A 3.1 0,01 All tests were by the vibrating %
65 10,0 0,01 method (C.1) which results in é
57 7.5 | 0,01 a continuously aerated solution é
58 4,5 | ¢ 6.3 0,01 The average blank figure é
59 6.8 0.01 (distilled water) gave a weight E
60 5,9 0,01 ; loss of 0,6 mg, é
61 i 6.5 0,01 ;
B ' 14,1 0.1 | ;
1 14,7 0.1 | !
2 20,3 0.1 i All tests were by the vibrating E
3 20.4 0.1 % method (3.1). Repeat tests on E
4 17.4 0.1 % similar solutions throughout é
5 17.7 % 0.1 {  the programme were to assess §
6 12,9 0.1 | the repeatability of the method j
i 3
13 ; 15.6 ! *17,0 0,1 i and to establish confidence g
14 12,5 | 0.1 +  levels. The blank figurc was §
15 145 | 0.1 | 0.6 mg. for distilled water.
50 15.7 | 0.1 ;
51 15.6 0.1 !
52 20.6 | 0.1 5 ;
53 0.2 | 0.1 { ;
54 19,6 | 0.1 i
55 11.6 ) 0.1 | ‘ ;
C 28,0 ; 0.5 | Results indicate that the ;3
D 33.3 1.0 limiting corrosion current under g
E ! 35,.4 5.0 the test conditions results in a §
F 33.8 10,0 weight loss of approximately 35m3. ;
G 17.4 0.1 0.01 The addition of sulphate appears .
H 16,7 0.1 0.1 1o inhibit corrosion by a small
I 13.8 0.1 1,0 anount ;
11,6 0.1 5.0
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TABLE 5 (Cont'd,) !

CWRIERIR RO LN

Y3 B Ea b 2 o B B,

Sample ] Weight | Average Analysis gl-l
No. Loss Remarks

ng NaCl |Na,S0, | KCro,

T TR e T T T T

T T

8.8 0,1 0.01
11,9 0.1 0.01
10.4 0.1 0.01
10 5.4 > 8,9 0.1 0.01 of chromates as inhibitors,
11 5.4 0,1 0,01

These results show the effect
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CORROSION WEIGHT LOSSES USING SYNTHETIC SOLUTIONS: REDUCED

TABLE 6

OXYGEN (THUNBERG TUBES)

Sample} Weight|Average Analysis 31-1 Samplej Weight jAverage Analysis g].“1

No, ] Loss No, | Loss

mg. NaCl J‘Lazso4 1(2Cr04 mg. NaCl Nazso4 KZCrO4
32 (12,0 0.001 16 |10,5 0.1
33 12,8 0.001 17 10,9 0.1
34 10,6 0,001 18 }10.3 20,4 0.1
35 {11.6 | %7 |o.0m 19 |10.1 0.1
36 8.1 0.001 20 {10,1 0.1
37 2.1 0,001 44 |11.4 0,2
21 6.3 0,01 45 |12.,5 0,2
22 8.2 0,01 46 |13.3 12,9 0.2
23 5.7 0,01 47 (12,8 0.2
24 5.4 0.01 48 13.8 0.2
25 6.6 . 2.0 0.01 49 12,3 0,2
26 8.5 0.0l 38 1.4 0.1 0,01
27 7.2 0.01 39 1.8 0.1 0.01
28 5.7 0.01 40 1.5 1.5 0.1 0,01
2 ] 7.2 0.01 a {1s {[7 loa 0.01
30 | 7.2 0,01 a2 | 1.5 0.1 0.01
1 10.1 0.01 43 1.4 J 0.1 0,01

REMARKS

1. These tests were performed in containers from which the air had been evacuated,
2. The corrosion product was observed to be a black adhcrent deposit as npposed to
the more normal loosely adherent white deposits associated with a..unium
corrosion,
3. When compared with test results from fully aerated solutions (Table 4), the
corrosion weight losses appear to be relatively independent of chloride level.
4. The effect of chromate is much more marked than with fully aerated sclutions.
5, The weight loss obtained for the blank sample was much higher than that for
other tests es shown below,

Sample Weight Sample ¥Weight
No, Loss mg. No, Loss mg.

8 6.9 15 5.9

9 5.3 16 7,0

10 6.4 17 6,3

11 6.2 18 6.8

12 6,0 33 9.3

13 6,2 34 8,7

14 7.2 35 8.8

36 8.2

The average figure is 6.9 mg, compared to 0.6 mg
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