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TECHNICAL MEMORANDUM

CORROSION FATIGUE OF 2219-T87 ALUMINUM ALLOY

INTRODUCTION

In recent years, the premature and sometimes catastrophic fracture of engineer-
ing materials has become an increasingly important consideration in engineering design
and research. In many engineering applications, such as the External Tank and
Solid Rocket Booster Structures, aluminum alloys are used in their construction.
These structures are generally subjected to cyclic loading and exposed to corrosive
environments. The combined action of cyclic loading and aggressive environment
often results in a significant reduction in fatigue performance compared with that
obtained under cyclic loading in inert environments. Due to the planned reusability
of many components in the Space Transportation System and their unavoidable expo-
sure to coastal environments, and seawater, it is imperative that we evaluate their
fatigue life under these conditions and also the effect of protective coatings where
applicable.

PROCEDURES

Tests were conducted using the R. R. Moore High Speed Fatigue Testing
Machine. It is a rotating beam machine in which the specimen acts as a simple beam
loaded symmetrically at two points. The method of loading and specimen configura-
tion is shown in Figure 1.

The material evaluated was 2219-T87 aluminun alloy. The initial cleaning of the
specimens consisted of vapor degreasing followed by a 45 to 60 min. soak in hot
alkaline cleaner. The specimens were rinsed in fresh water for a minimum of 15 min.,
allowed to dry, and finally wiped using alcohol. The specimens were loaded while
rotating and the speed adjusted to 2500 rpm. The corrosive solution was dropped on
the test section at a rate of 1 drop every 3 to 5 sec. The solutions used in the test
were distilled water, 100 ppm NaCl, and 3.5 percent NaCl. All exposed parts of the
fatigue tester and test specimens (except for the reduced section) were coated to
protect them from the test solution. The protective coatings evaluated in these tests
were: chemical conversion and sulfuric acid anodize (0.1 to 0.3 mils thickness).

A plastic enclosure was placed around the rotating test components. The solution run
off was collected and allowed to drain off. Tests were run until failure or for 108
cycles (approximately 28 days). Fatigue tests in air were run (to a maximum of 10
cycles) for comparative purposes. The test arrangement is shown in Figure 2.

RESULTS AND DISCUSSION

The data from the test conducted on bare aluminum sample is shown in Table 1,
and those with protective coatings in Table 2. This is also plotted in Figures 3, 4,
and 5 along with curves showing the lower boundary of the data in each environment.




The corrosion fatigue strength, CFS (alternating stress that a given material will
survive 108 cycles), of bare aluminum and coated aluminum were determined from
these curves and is shown in Table 4.

To determine the relative effect of fatigue strength loss due to the presence of
corrosive mediums, ratios of CFS to endurance limits in air were calculated. These
results are recorded in Table 4. The corrosion fatigue strength of 2219-T87 aluminum
alloy was increasingly reduced as the corrosivity of the environment was increased.
A further indication of the effects of corrosion can be seen in Figures 6 through 9
which show SEM fractographs of 2219-T87 aluminum in air and salt water environ-
ments. Figure 6 illustrates fatigue fractures of bare 2219 aluminum in air (typical
fatigue failure), and 100 ppm NaCl where the predominant failure mode was corrosion.
Figures 7, 8, and 9 show corrosion fatigue fractures of bare, conversion coated, and
anodized aluminum samples, respectively, all exposed in a 3.5 percent NaCl environ-
ment. These fractographs reveal the actual pits that initiated failure.

It is evident, from data in Table 4, that the anodized coating increased the
corrosion fatigue strength of this alloy exposed in corrosive environments. However,
as expected, it decreased the overall endurance limit in air, where the predominant
failure mode is fatigue and not corrosion. The anodized sample had a fatigue strength
of 103 MPa (15 ksi) in air, while the bare sample yielded a fatigue strength of 138
MPa (20 ksi) (a ratio of 0.75). The conversion coated samples produced increased
corrosion fatigue strength, over bare uncoated samples, with no loss in the overall
endurance limit in air.

CONCLUSION

The results of these series of tests clearly indicate the adverse effect of corro-
sive environments on the fatigue life of this alloy. In all cases the effects were
related to the general corrosivity of the test solution; i.e., the effect of 3.5 percent
NaCl was greater than 100 ppm NaCl which was greater than distilled water. The
corrosion fatigue strength of bare 2219 aluminum ranged from 104 MPa (15 ksi) in
distilled water (a ratio to the endurance limit of 0.76) to 20 MPa (2.9 ksi) in 3.5
percent NaCl (a ratio of 0.15).

The effect of the protective coatings is evident as shown in Tables 2, 3, and 4.
The corrosion fatigue strength of the conversion coated sample in a 100 ppm NaCl
environment was 46 MPa (6.7 ksi) (a ratio of 0.34 to the endurance limit in air). .
This represents an increase in corrosion fatigue strength of 15 MPa (2.2 ksi) over
values for bare aluminum samples in equivalent environments. Even further improve-
ments were obtained with the use of anodized coatings, which yielded a corrosion N
fatigue strength of 69 MPa (10 ksi) in a 100 ppm NaCl environment. This value
represented an increase of 38 MPa (5.5 ksi) in CFS over bare aluminum samples.
Similar results were obtained in the 3.5 percent NaCl environments with corrosion
fatigue strengths of 20 MPa for bare, 24 MPa for conversion coated, and 30 MPa for
the anodized sample.

The results of these series of tests indicate that a significant reduction in
fatigue strength can be expected when components are exposed to corrosive atmos-
pheres. It has been determined that protective coatings can be effective in pro-
longing corrosion fatigue life depending on two factors: the type of coating used
and the corrosivity of the atmosphere.
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Figure 6. SEM micrographs of fractured 2219 Al (Bare).




Figure 7.
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SEM micrograph of fractured bare 2219 Al test sample
exposed in 3.5 percent NaCl environment.
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Figure 8.

SEM micrograph of fractured conversion coated 2219 Al test
sample exposed in 3.5 percent NaCl environment.




Figure 9.
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SEM micrograph of fractured anodized 2219 Al test sample
exposed in 3.5 percent NaCl environment.

11




INIHOVI 40 LIWIT LSIMOT (9)

71v4 LON @1a NIWID3dS ‘'A3LVNIWHIL 1S31  (e)
(e) 000°'6Z¥'Z0L | (0Z)  8'LEL
(e) o00'0OL¥'LOL| (0Z)  8'LEL
000'06€£'6L | (€2)  G'8GL
ooo’oL6’'0L | (€2)  g'8SlL
(e) p00’ZLE’OLL| (SL)  v'eoL 000’195 (€2)  g'8slL
(e) 000°'50Z°LOL| (SL)  ¥'E0L 000'v22'2 (gz) gz
000°0EL’'EL | (8L) 0O¥eL 000°9tY (gz) gz
(9) oo0’sLL'EL | (L'Y)  ¥'ZE |[(e) 000'09E’L0OL | (L'V) vZE 000°'509°0L (8L) o'¥eL 000°G6L (gz) gzl
(9) oo0'8v0'LZ | (L'V) vZE 000'6SS'SL | (L'v) vZE 000'91L'9 (0z) 8'LEL 000°961 (82) 626l
000°€9¥’0L | (£9) Z9ov 000'8Z¥’'€Z | (L'9) Zov 000°L06'L (02) 8LEL 000'S€Z (82) 66l
0009206 | (L9) Z9 00068862 | (L9) Z9v 000'9.6 (€2) g'8SlL 000°'€0€E (g'22) 968l
000'660'C | (OL) 689 000'LL9’S (o) 689 000'8€S’E (€2) g'8SlL 000’606t |(5'ZZ) G'68L
000'€Z6'L (oL) 689 000'8L9°S (oL) 689 V/N (g'c2) g'eslL 000°L8 (522) g68L
000'£99 (L) v'eolL 000'EEE’L (SL1)  veoL 0007952 (5¢Z) g'e8lL 0007269 (og) £902
000'SZL (5L) v'eol 000'96Z°L (SL)  veoL 000'vLY (5'¢2) S'68L 000°'Z¥L (og)  £'902
000692 (02) 8'LEL 000'2SY (02) 8'LEL 000°€ZE (0€) £'90Z | 000°'8S (ge)  Z'Lvz
000°282 (02) 8'LEL 000'09S (0z) 8'LEL 000°L6L (0€) £'90Z | 000°8L (ge) Z've
000°€9 (0€) £'90Z| 000901 (0€) £90Z| 000°L9 (g€) Zwwz | 000vC (ov) 9'sLz
000'9 (og) L'90Z 000°0LL (og)  £'90z| 0000 (g€) Z'wvZz | 000°6L (ov) 962
$370A0 | (ISH) edW S$310AD (1SM) BdW| S3TD0AD (1SH) edW S310AD (1SH) edW
SS3HILS SS3YI1S SS3YILS SS3YILS

128N %G'E 12eN wdd 0oL 0%H a3nLsia HIv
(49VE) 1V L8L-6122 J0 ANDILVI NOISOYYOD °T dTLdVL

12




INIHOVI 40 LIWIT 1SIMOT ()
71vd4 LON Q1a NIWIO3dS ‘A3LVNIWY3IL 1S31 (8)

() 000'vEE'SLL | (L'P) v'ze
(q) o00'LvZ'ze | (L'v) v'ze | (e) 000°'0L9°20L | (L'¥) v'ze
(9) 000°69S'€E | (L'¥) ¥'ze | (e) 000'699'Z0L | (£'9) 9
000'¥8¥'LL | (L'9) Z9v | (e) 000'sLZ'90L | (£'9) A1
000'vLZ'0L | (L'9) zov 000°898°6 (oL) 6'89
000'8LE'E (or) 6'89 000'SSZ’'S (oL) 6'89
000'6LL'E (oL) 6'89 000°800°'S (SL) v'eolL
000'858 (St) v'eolL 000°ZZL'6 (StL) v'eoL
000°€L8 (SL) v'eolL 000°99S5'V (02) 8'LEL | (8) 000°000°00L | (02) 8'LEL
000°80€ (02) 8'LEL 000°ZZZ’E (02) 8'L€L | (8) 000°000°00L | (0Z) 8'LEL
000°'LLE (02) 8'LEL 000°Z8¢ (s2) £zLL 000°6ZL°'6 (s2) gzl
V/N (02) 8'LEL 000'vLE (s2) £zl 0009tV (s2) £ZLL
000’9 (og) L'902 000°66 (og) L'90Z 000'VLE (og) L'902
000'ZS (o€) L'902 000°€E6 (og) L'902 000°6S¥'L (o) L'902
S3T0AD | (ISN) edi S3TOAD | (ISM) edW S310AD |(ISN) edW
SS3HLS SS3HIS SS3IHLS
198N %G'€ 198N Wdd 001 yiv
(AILVOD NOISHAANOD) IV L8L-612%2 JO ANDILVA NOISOYYOD °Z ATIVL

13




INIHOVI 40 LINIT LSIMOT (a)

71v4 LON a1a NIWIO3dS ‘A3LVNINHIL 1S31 (B)

(6] 000G69°10L | (L¥) _ vee
(9) 000'L85°€9 (Z'v) v'ze
000€.506 | (£9)  Z9v -
000ZvEZE | (£9)  T9v )
0009620 | (01) 689 | () 00099000 | (0L) 689 | (e 000'0LE'66 | (SL)  v'E0l |
000'LLL'6 OL) 689 | () 0000sz00L | (1) 689 | (£1000'989°'66 | (51)  vE0l |
000960 | (SL)  v'E€OL | 000Zs8ZZ | (S1)  v'EOL 000'€8Z | (02)  8'cgl |
000'909'€ (GL)  weol 000'2€2'22 | (L)  v'E0L 000'0vz's | (02)  s'cEL |
000'LYY (0Z)  8LEL| 000'950°L (02) 8Ll 000'L0Z (G2)  €zLl
000'222 02) 8Ll 000°0¥¥ (02)  8LEL 000'58L (Gz2) ezl |
00065 (05) 290z | 0009, (0€)  £'90Z 000'L6 (0€) 290z
00059 (0€) 2902 000'S8 (o)  £'90Z 000'6Z (0g) 902
S310AD | (IS) edW S310AD | (1SY) edW S310AD [(1SY) edW
SS3YULS SS3YLS $SIYLS
10BN %G'E 198N Wdd 001 HIV

(QIZIAONY) 1V L8L-6122 J0 ANDILVA NOISOHYOD “€ HTdVL

14




"IV NI "V 34V 40 LINIT 3DONVHNANI 3HL OL S30 40 O1LvY (8)

0zz (P'¥) 620€ SLL (5€) OL'¥Z Syl (62) 166l IDBN %G'E
005’ (ooL) 689 gee’ ('9) vL9Y 62T (5¥) 0LE IDBN Wdd 00L
. - = = - - GGL° (1'S5L)  o'voL 0o%H @3111LsIa
6vL (L) e6z'€oL 00'L (02) 8LEL - (02) 8L€L HIV
(®)°1°3/S42 | (ISM)  edW [(®)"1°3/840 | (1ISX)  edW | () "1°3/S4D | (ISM)  EdW
WANINNTY

WNNIWNTY d3ZIaONV

d3.1v0J NOISHIANOD

WNNIWNTV 34VvE

IN3IWNOYIANI

IV 612z A0 (SdD) HILONIYILS dNDILVA NOISOYHOD AALVNILSH

v HTdV.L

15




APPROVAL

CORROSION FATIGUE OF 2219-T87 ALUMINUM ALLOY
By Vernotto C. McMillan

The information in this report has been reviewed for technical content. Review
of any information concerning Department of Defense or nuclear energy activities or
programs has been made by the MSFC Security Classification Officer. This report,

in its entirety, has been determined to be unclassified.

- “ ‘
T

D. B. Franklin
Chief, Corrosion Research Branch

A .

b/" (-' «}Z(C : kﬂ"r\'\’- oy
E. C. McKannan

Acting Chief

Metallic Materials Division

Lo e |

L,o Q¢ }’\’, Z(» k.(l’»v» AL ‘-‘\-"{

R. J. Schwinghamer J
Director

Materials & Processes Laboratory

¥ U.5. GOVERNMENT PRINTING OFFICE 1986—631-058/20097

16






