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1 N 1’ R I.) ~ U C T 1 1) N

(~raphite-epoxy composite is a rt~la t i ve ly  new a i r t r a m e  m a t e r i a l  w i t h
a h igh - s t r eng th - to -we igh t - r a t i o  and a high modulus tha t achieves we i ght
reductions ot 25 to 50 percent for selected components. Untortunately,
graphite (carbon) is near the low potential (cathodic) end ot the gal-
vanised series with an open circuit potential o + l7Om V while 7075-Tb
is at the high potential (anodic) end with a -77 0m V reading In I •5~, NaC I
(reference (a)). With two widely dissimi lar conductive materiaLs such as
aluminum and graphite in contact in a salt water environment , galvanic
corrosion ot the a luminum is experienced .

Early  re search and development efforts on graphite-epoxy compo site
mate r ia l s  centered on mechan ical  and st ructura l behavior wi th  onl y limited
e t f o r ts  directed to corrosion problems and prevention , in r eterence  (b) ,
work on the compat ib i l i ty  of grap hite-epoxy composites w i t h  m e t a l l i c  mater-
ials identified the galvanic corrosion problem . Reference (a) Is a signifi-
cant study conducted at NAVA I RDEVCE N with electrochemical and stress corro-
sion cracking (SCC) data obtained to define and evaluate the potential
galvanic corrosion problem in the naval air-sea environment.

An extension of these etforts has been undertaken by fatigue testing
aluminum/graphite-epoxy composite couples in a realistic corrosive en-
vironment encountered by Nava l aircra ft. Galvanic co rrosion at t i .’~ t s on
tatigue life were determined by conducting tension-tension tatigue teats
on 7075-Tb aluminum specimens with adhesively bonded graphite-epoxy tabs .
A sulfu r dioxide-salt spray environment was chosen as the corrosion medium
since it is a significant accelerated corrosion tes t for materials used in
Nava l aircraft (reference (c)).
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TEST UN IT

A sa l t  spray chamber was ins  t~~ I l t d  ~n ~i K t ~ u s t~ d i r e c t  s t  ress t a t i gu e
machine to stud y g r a p h i t t — e p o x v  /tu e ta 1 ~t I b y  cou tb iu .U ions  in a su I tu r
d io x ide— sa  I t  sp r ay  e n v i ron me nt .  The t a t  i ~ ue machine , c hambe r and suppor t

u equipment are shown in F igu re  1.

p.

Figure  1 — t ;t i lv antc  C o r r o s i o u — F a t i ~ ue 1’e~~t U n i t
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NADC-77328-60

The chamber is 2 ft. high by 1 ft. wide by 3 tt. deep and constructed
of 0.5 in. thick acrylic plastic. Removable end panels provid e access to
the two test stations . An atomizing nozzle and tower in the chamber plus
the externa l humidifying tower and solution reservoirs provide the 5 per-
cent salt tog environment. Su lfur dioxide gas injection equipment inc ludes
a flowm.t.r, .ol.noid valve , timer and compressed gas storage cylinder.

SP EC I)(ENS

Fatigue specimens were made from 0.063 in. thick 7075-Tb unclad alum-
inum sheet. Specimens were fabricated with the direction of ro l l ing  in
the longitudina l direction of the panel so failure wou ld occur in the trans-
vers e direction. Graphite-ep oxy tabs were laid up using six layers of
Herc u les “Magnamite” 3501/AS1-b graphite prepreg and “stepped” to minimize
stress concentrations at the bond junction to the a luminum specimens . Hysol
EA9309 was used to adhesively bond graphite-epoxy tabs to aluminum fatigue
specimens as shown in Figure 2. Bonding conditions were 117 kPa (17 psi)
in an autoclave at room temperature for 24 hours. A room temperature cure
epoxy was used to avoid strength level changes of the aluminum.

at

0
0 0

it .

0/ t TAu

0 0 at•

0
Figure 2 Ga lvanic Corrosion Fatigue Specimen Graphite-

Epoxy Bonded to Al uminum

3
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TREAThENTS AND COATINGS

Aluminum surfaces were pretreated with the conventional FPL (Forest
Products Laboratory) etch prior to adhesive bonding. The FPL treatments
were as fo l lows:

Distilled water 687, by weight
Concentrated sulfuric acid 237. by weight
Sodium dichromate 97. by weigh t

Ium~ersion conditions - 20 minutes at 165-70°C

The bending process was started within eigh t hours of the FPL etch trea t-
ment to avoid adverse reaction on the aluminum surface.

Protective coatings applied to prevent corrosion included: M1L-S-8802
D(2), Class A-2 polysulfide sea lant , MIL-P-23377 epoxy primer and MIL-C-
81173 aliphatic polyurethane paint topcoat. A barrier coating to separate
(electrically uncouple) the graphite-epoxy tabs from the aluminum was
fabricated from two piys of 3M Scotchp ly 1003 made wi th  “K” f i lament .

TEST METHOD

Specimens were statica l ly loaded , presoaked (exposed to the corrosion
environment withou t cycling) and then fatigued under test parameters given
in Table 1.

TABLE I

Tension-Tension Fatigue Corrosion Test

Presoak - 16 hours in S02-salt spray fog

Fatigue - Tension-tension fatigue (R 0.1) at 1200 cpm
maintaining S02-salt spray fog

S02-Salt S~ rav Conditions

Spray Solution - 57. by weight NaCI, pH 6.5-7.2
Cabinet temperature - 35°C (95°F)
Tower temperature - 46°C (114°F)
SO2 gas injection - continuously 1 hr/6 hr cyc le
SO2 gas flow during injection - 6 to 8 cc/mm
Condensate collection rate - 1 to 2 mIs/hr
Condensate pH - 2.5 to 3.2
Condensate specific gravity - 1.025 to 1.040
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R E S U L T S  A N D  D I S C U S S i O N

TENSION-TENSION FATIGUE

Fatigue l i f e  of bare 7075-T6 was reduced from 150 ,000 cyc les at
the 40 ksi stress under ambient conditions to 8,400 cycles (FPL etched)
under the same stress when exposed to su l fur  dioxide-salt spray as
given in Tab le I. A further reduction to 6,400 cycles was experienced
with bonded graphite-epoxy tabs due to the galvanic coup ling e f f e c t .
This is shown in Figure 3.

70 - LEGEND

~~~~~~~~ 5ARE 707S-T6
AM BI ENT ( 2 4 C )

so -Il S u~ s* FPL ETCH 7075-TB
400 S02— SA LT SPRAY FOG (35 C)

S 1 u 5  FPL ETCH 7075-T6 + Gr/E
S02-SALT SPRAY FOG (35 C)

~~5 0 -  •% S

ua S
w 3°0 .

~~ •‘

~ 40- 
__________•

— z o o !30 — 56

:~20 TENSION-TENSION R.0.I

100 FREQ UENCY 20 Hz
a

I L .I IIIIIJ I I 1 1 1 1 1 1]  I I 1 1 1 1 1 . 1  1 I 1 1 1 1 1 1 1

I0~ ~~ I0 10~
FATIGUE LIFE. CYCLES

Figure 3 - Galvanic Corrosion Fatigue Tests Without
Pro tective Coa tings
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A degree at basel ine f at i gu. l it .  (bare 7075-Tb at ambient
condit ions) was recovered by app lying protective coatings ot  poly-
su lfide  sea lant to the coupled ed ges and overcoating with i n hib i t e d
epoxy primer-polyurethane topcoat .  This p r o t e c t i v e  scheme provided
an additiona l 20 ,000 cycles of ta t igue  t u e  at 40 ksi over the uncoa ted
condition as shown by Lb. “seala nt  and pai n t ” cu rve in F igure  A .

70 -- LEGEND

A M B I E N T  I 2 4 C
BARE 7O7S~~TI

-- t ~~~ $Q~~-$ALT SPRAY FOG ( 3 5 C 1
FPL ETC PLUS G!J(

6 SEALANT AND PAINT

~~ 

•
\

~:~
s

~~ too ~~3 0-  •
~~~.6%

— 
T ENSION-TENSION R.0I

- 
FREQUENCY 20Hz

IC 1 1  1 1 1 1 1 1  I I I l i t I l l  I 1 1 1 1 1 1 1 1  I L I A L L I L  I

0~ IO~ IO~ I0 IO~
FATIGU E LI FE. CYCLES

Figure 4 - Galvanic Corrosion-Fatigue Tests
Httect of  Protective Coatings

The Scotchply glass barrier layer was e t t e c t i ve  in breaking the
galvanic couple between the grap hite-epoxy t*bs and aluminum tatigue
specimens. Resistance across regular adhesive ly bonded graphite-epoxy
to a luminum was measured as bO-1O() ohms. W i t h  the gl ass barr ier  c lo th
actin g a. an insulator , resistance was 100 megaohms , a 10b - fold in-
crease. The S-N curve for specimens with th. glass c loth,harrier bonded
between the graphite-epoxy and a1uminum~exposed to the corrosive environ-
mant1 is shown in Figure 5.
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70 — LEGEND

AM BIENT C 2 4 C

— 
BARE 7075-TB

400 
SOS- SALT SPRAY FOG t 3 5 C )

7075-T G PLUS E

— 50 - ________ NO COATING

• 
IU~~~: GLASS CLOT H BARRIER

* 10 TENSION-T(NSION

100 • 
FRE QUE NCY 20 Hi

I 1 1 1 1 1 1 1  I. I 1111111. I 1 £ 1 1 1 1 1 !  • 1 1 1 1 1 _LI
I 

10 I0~ I0 I0~
FATIGUE LIFE. CYCLES

I~igu re 5 - Galvanic Corrosion Fa t igue  Tests
w i t h  Glas~ Cloth Barr ier

It shou ld be noted tha t the glass c loth  restored t at i gue l i f e  to
the aluminum to the same extent  as the use of sea lant s .  In both cases1
the galvanic c i rcui t  between the a luminum and the composite is e l i m i nat e d .

CORROSION OBSERVA TIONS

Corrosion of the 7075-Tb a luminum in the proximity of the graphi te-
epoxy composite ii shown in the Figure 6 macrophotographs. Pitting is
most severe on the panel edge and at the aluminum/graphite-epoxy tab
boundary . The basket weave pattern in the re ta ined adhesive laye r is
simply an impression of the peel-ply from the graphite prepeg after re-
moval of the graphite-epoxy tab.

7 

— -~~~~~ - - —-~~ —---- --- --- --— -- --—-—- —



_____ -, —~.••.-— , • ~~~~~~~~~~~~~~~ ., , •——--

• .d ~~~~~~~~~~~~~~~~~~~~~~~~

NADC-77328-b0

FPt. ETCH 7075-Ye
S01-S ALT SPRAY FOG (35 C )
465.000 CYCLES AT 65 NP.

( 12.5 KSI )

~

.,

Figure  b - Corrosion of 7075-Tb Fatigue Specimens

~vident After Remova l of Graphite-~poxy Composite Tab

Figure  7 is a SEN s tud y of a corroded aluminum surface area
from Fi gure 6. In tergr anular  corrosion is qui te  evident  in the
magnif ied views and was accelerated by the proximity ot the graphite-
epoxy to the aluminum.

The phot omic rographs of Figure 8 are o the same specimens as
shown in Figu res 6 and 7, but were taken at the opposite end ot the
graphite-epoxy tab where the fatigue failure occurred . The cross-
secti on was made across a deep p i t  tha t  developed in the a luminum
at the end ot the graphite-epox y tab.  This p i t , or a s imi l a r  p i t ,
served to i n i t i a t e  fat igue  f a i l u r e  of t he i r  specimen. Hount supports
show n in th e upper p ort ions of the Figure 8 (a) and (b) are not part
o f the specimen.
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C O N C L I I S I O N S

1. The sulfur dioxide-salt spray environment sig n i f i c a n t ly r educ es
S-N cu rve f a t i gue l i f e  of 7075-Tb aluminum . Additiona l tatigue life loss
is experienced wi th graphite-epoxy composite bonded to bare aluminun
because of the galvanic corrosion eftect. Accelerat ed p itting caused by
the gal vanic e f f e c t  ac ts  to provid e s tr ess  concentrations tha t nucleate
f a t igue cracks .

2. A pp l ica t i on of protec t ive  coat ing systems va s t l y improves fatigue lilt ’
ot the 7075-T6 aluminum w i t h  adhesive l y bonded g r a p h i t e - ep o x y  co mp o s i te
exposed to the  su l fu r  d i o x i d e — s a l t  spray t e s t  env ir onmen t  . The syst em used

• was MIL-S-880 2 pol ysu l fi d e  seala n t app iled to  c ompos i t e / a luminum junctions
and coating exposed surfaces  w i t h  M I l . -P- 2337 7 I n h i b i t e d  epoxy I’iritut’ r and
M IL-C- 8 1773 po lyure thane  pa in t  topcoa t .

3. A glass cloth barrier bonded between the  grap hit e-epoxy composite
and 7075 —Tb a l untinunt effective ly preven ted acec I t ’ ra t ed pi t L i  ng dut’ t o
gal vanic corrosion .

R E C O M M E N D A ’ I I O N S

4 
The combina t ion of a noncouduc t I ye b a r r i e r  to  b rca k the Lute m a  I

galvanic corrosion c i r c u i t  p [us sea lant and p a i n t  coa t tngs  to  ex c l u d e ’
externa l corrosion is recommended to contro l corrosion at junctions of
grap h i te -epoxy  composi te  and a i r c ra f t  a l l o y s .

F U T U K E P 1. A N S

FM 300 , an adhesive being used to bond graphite-epoxy layers to
a luminum honeycomb in the F - i S , w i l l  be ev a l u a ted  as a b a r r i e r  c o a t i n g
since i t  has a t i g h t  wetave scr in t  c l o t h .  The FM300 w i l l  be compared to
3M Sco t ch p ly 1003 g lass c l o t h  w i t h  and w i t h o u t  p r o t e c t i v e  overcoat  s y s t e m s .

A C N O W L K I ) C F : M E N T

• The a s s i s t a n c e  of Mr .  P. J. Sabatini with the’ test system installation
and the tes t  program is g r a t e f u l ly acknowledged .
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