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INTRODUCTION

Lightweight, nonferrous alloys are frequently used in structural ;

applications to utilize their high strength-to-weight ratios. In

particular, aluminum and magnesium alloys are widely used for this 3
purpose. There are presently several alloys in each system that

demonstrate adequate strength and ductility for certain low-medium

LSRN

strength weapon applications.

The magnesium (Mg) alloys have significantly lower densities than the

aluminum (Al) alloys and are, therefore, very attractive, However, a serious

drawback to the utilization of the Mg alloys is their susceptibility

R Dl ot i A LT

3 to corrosion and stress corrosionl*?:3, This problem is dealt with

i by

by protectively coating the Mg alloys, especially in critical appli-

cations, by anodizing and painting. The corrosion resistance of various

3 finishing systems on Mg has beea investigated by Sandler?»5 and Brown®. E

One system that displaysd excellent corrosion resistance was a com-
bination of DOW-17 anodize (MIL-M-45202) with epoxy polyamide primer

(MIL-P-23377) and polyurethane topcoat (MIL-C-81773). Anodized and

painted aluminum alloys have also been found to be highly —esistant

- to corrosion®,

3 . In service, however, the corrosion resistance of a protective 3

finishing system is not the only important criterion; the abrasion

resistance of the coating must also be considered because, as the

thickness of the "film'" diminishes through wear, its protective ;

Glar Dae b C S TERE
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abilities also decrease. The best corrosion-resistant coating system
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can be rendered ineffective if it exhibits poor resistance to abrasion.
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OBJECTIVE

The purpose of this study was to evaluate the abrasion character-

istics, both qualitatively and quantitatively, of two specific finish-

L ‘in‘r'/r bbbl e 51

ing systems, ore applied to an aluminum alloy and the other to a mag-

i it et

nesium alloy. The two systems were similar ia that they both con- b e

g
L

tained an anodic layer, whereas the topcoats were somewhat dis-

similar. Abrasion informatior of this nature will assist in pre-
é dicting the useful service life of components that are manufactured

3 from the respective alloys and receive these coating systems.
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PROCEDURE

PR e T

Test specimens, 102mm x 102mm x 1.6mm (4" x 4" x 1/16") were

prepared from 2014 aluminum alloy and ZK60A magnesium alloy stock.

These plates were machined and gfound to dimension. The finishing

systems were applied as follows:

B . i 02 AR L5 ] kit _thlaitk

A. Anodizing - The aluminum alloy specimens were anodized by

RIS TR (T 1Y A

the sulphuric acid process per ASTM Standard B580, while the DOW-17

process was used to anodize the ZK60A specimens per MIL-M-45202.

s i it Bl el o5 s

B. Priming - The anodized specimens were immediately primed;

TTEATTY R ) R
e -

the 2014 plates received a blue wash primer per MIL-P-15328C and

the ZK60A plates were coated with epoxy-polyamide per MIL-P-23377.
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C. Painting - The 2014 plates were sprayed with a semigloss
enamel paint (Federal Specification TT-E-485F); the ZK60A specimens
were given a polyurethane topcoat (MIL-C-81773).

The finished specimens were tested on a Taber Abraser Model 503
(Figure 1) utilizing both the CS-10 and lI-10 wheels at a constant
load of 500 grams. The CS-10 Calibrase, a resilient, medium abrasive,
wheel is designed to simulate the mild abrasion experienced in
normal handling, cleaning, and polishing. The H-10 Calibrase, 2 non-
resilient, vitrified wheel, is a much harsher abrasive. The rate
of abrasion was determined by the weight loss technique. The weight (W)
of each specimen was initially recorded and then measured periodically
throughout the test. This data was plotted versus the respective
number of cycles. The slope of the curve (dw/dN) at any point is
the instantaneous rate of abrasion, while the average slope of the
curve over the period of a particular layer, e.g., anodic film, was
considered to be the abrasion rate in that layer.

Testing was continued until a significant breakthrough to the
base metul was visually observed. Also, breakthroughs to the primer

and anodic film were recorded. As the data will show, the section of
the curves corre-ponding to the abrasion of the anodic film fits a
straight line relavionship. Therefore, this portion of the data was
subjected to a linear regression analysis and the Slope, intercept

and correlation coefficient were calculated for each specimen.
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This type of behavior, i.e., relatively constant wear resistance,

has been previously recognized in anodized aluminum’.

RESULTS AND DISCUSSION

During testing, the topcoats (paint and primer considered together)

were worn away in relatively few cycles and contributed little to the
overall abrasion resistance of the coatings. Rather, the abrasion
characteristics of the anodic layers was the important parameter. A
wear track, illustrative of those formed on the tested specimens,

is shown in Figure 2. Typical abrasion curves for the two systems
are illustrated in Figures 3 and 4.

For a particular set of conditions (load and abrader) the anodic

film on the 2014 aluminum alloy exhibited significantly better abr. ion

resistanc than that on the ZK60A magnesium alloy. No doubt, this
behavior is associated with the fact that aluminum oxide is con-
siderably harder than magnesium Qxide. Other investigators have
reported abrasive wear to be roughly proportional to the hardness of
the abraded material®-10,

The abrasion rates for the anodic layers, as determined by the

linear regression analysis, are given in Tables 1 and 2. As shown,

the anodized magnesium abrades at 11.2 micrograns per cycle or approxi-

mately 11 times the rate of the anodized aluminum ufder “he "medium

abrasive" conditions,while it abrades at 67.2 micrograms per cycle or

about 4 times the rate of the anodized aluminum for the "heavy abrasive"
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condition. As was expected, the rate of abrasion of the two anodic
films increased with the severity.of the abrasive surface. However, the
increase in abrasion rate was not proportioned; the wear rate of aluminum
increased signifi-uantly more than that of the magnesium under the
"heavy abrasive" condition. Perhaps this anomalous behavior can be
attributed to the clogging of the H-i0 wheels with the material being
abraded. Abrasion would then result not cnly from the wheel, but

also from the oxide being picked up. Alumina is the harder of the two
oxides, so it is therefore likely that the abrasive effect of

alumina on itself was greater than the self-abrasion of the magnesia.
This phenomenon was not as serious a problem when using the CE-10
wheels as equipment was available to dress the wheels periodically.

The anodic film ‘>rmed on the 2014 aluminum was evidently more
uniform in composition than the magnesium anodized film. This was
observed by noting color changes in the films during abrasive testing
and by cross-sectional examination of the respective coatings (Figures
5 and 6). The anodized magnesium contained two distinct layers of
different hardness which could have contributed to the slightly poorer
straight line fit of the magnesia than the alumina as evidenced by
the R (correlation coefficient) values (Tables 1 and 2), Nevertheless,
the R values do indicate that the straight-line appgéximation is valid
for both the alumina and magnesia and that their abrasion behavior

can be expressed as the slopes of these lines.
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It should be emphasized that the accuracy of this approach to

§

measuring abrasion rates in protective coatings depends somewhat on

oL elatibe

the judgment and interpretation of the investigator. Specifica .y,
determination of the "breakthrough" point between the varicus layers

is quite subjective. Also, the operator must decide how often to

reface the abrasive wheels in order to obtain reliable abrasion data

3 with a minimum of scatter.
An alternative to the weight-loss technique would be a measure-

3 ment of the change in thickness of the coating periodically during

Rl i L i ko | gl i i

] cycling. The film thickness on ferromagnetic materials can be measured

i,

3 by magnetic methods (viz Nordson Film Gauge); an eddy-current type

bbbl s

device can be used for similar determinations on nonferrous materials.

P
Sk

CONCLUSIONS

Based on the results obtained in this investigation, the following

conclusions are permitted:

1. The topcoat layers of primer and paint do not play a significant

e AEhe R . 130 bzl i

role in the abrasion resistance of these coatings.

2. The abrasion rate of the anodized aluminum was considerably

lower than the rate of anodized magnesium for the same load and

..,‘
i

M R AR R s

abrader.

3. The abrasion rate of the anodic film, on both Al and Mg as

determined by the weight loss technique, can be expressed as the slope

dim il ot it 4t

of the straight line portion of the abrasion curve (weight vs cycles),

corresponding to the anodic region.
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TABLE 1. ABRASIU PATE - MEDIUM ABRADER

ALUMINUM

Specimen dw/dN_(micrograms/cycle) R

1 1.45 .992

2A . 0.73 .996
2B 1.07 .990 ﬂ
Average 1.08 + 0.36 %
:
;1 MAGNESIUM ;
: Specimen dw/dN (micrograms/cycle) R ;
A 12.: .991 _
1B 11.6 .989 |
2A 10.7 .988
: 3A 10.2 .983
Average 11.2 + .93 E
C5-10 WHEELS ;
500 GRAM LOAD E
R - Correlation Coefficient 3

Straight Line Regression

3
3
E
-3
F i
: 8
:
2
1 _
2 %;
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ALUMINUM
Specimen
3A
3B

5

Average

MAGNESIUM
Specimen
4A
5
6

Average

" TABLE 2, ABRASION RATE - HEAVY ABRADER

dw/dN (micrograms/cycle)

10.9
18.1
19.1

16.0 + 4.47

dw/dN (micrograms/cycle)

65.7
68.3
67.6

67.2 + 1.35

H-10 WHEELS
500 GRAM LOAD
R - Correlation Coefficient
Straight Line Regression

.995

.997

.998

.998
. 987

.984
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Figure 5. Layers in 2014 aluminum film,
a. Paint
b, Primer
c. Anodic layer
d. Base metal

Figure 6, Lavers in IK60A magnesiur film,
a. Topcoat
b, Anodic film showing soeveral lavers
¢. Busc metal

St b i

e e b

byl e bt Tt e o

ko etd o

n
i

TR "y

il

5

i

S il g




RO T TR R T AT S T 0 T PP TR T il i PR
AT e AT ey cas ol LR i & g T a2

(hats

IR SR R T

P S ST TR TR

WATERVLIET ARSENAL INTERNAL DISTRIBUTION LIST

No.

‘May 1976

of Copies

COMMANDER
DIRECTOR, BENET WEAPONS LARORATORY
DIRECTOR, DEVELOPMENT ENGINEERING DIRECTORATE.
ATTN: RD-AT
RD-MR
RD-PE
RD-RM
RD-SE
RD-SP
DIRECTOR, ENGiNEERING SUPPORT DIRECTOKATE
DIRECTOR, RESEARCH DIRECTORATE
ATTN: RR-AM
RR-C
RR-ME
RR-PS
TECHNICAL LIBRARY
TECHNICAL PUBLICATIONS § EDITING BRANCH
DIRECTOR, OPERATIONS DIRECTORATE
DIRECTOR, PROCUREMENT DIRECTORATE
DIRECTOR, PRODUCT ASSURANCE DIRECTORATE

PATENT ADVISORS

1

— (ot it Pt frut i s et

— e et e 8D

%
i
A

it oo

. Vit b it vuatinf Sl a2 mminh et

el oo

T ddngidan, ik 138

A ar s A R

PRTyNg




TS

o e Y VA A4 SRR TS

ATy e vy

YR

EXTERNAL DISTRIBUTION LIST

OFC OF THe DIR. OF DEFENSE REE
ATTN: ASST DIRECTOR MATERIALS

THE PENTAGON
WASHINGTON, D.C. 20315

CDhR

US ARMY TANK-AUTMV COMD

ATTN: AMDTA-UL
AMSTA-RKM MAT LAB

WARREN, MIC{IGAN 48090

CDR
PICATINNY ARSENAL
ATTN: SARPA-TS-S
SARPA-VP3 (PLASTICS
TECH EVAL CEN)
DOVER, NJ 07801

CDR
FRANKFORD ARSENAL
ATTN: SARFA

PHILADELPHIA, PA 19137

DIRECTOR

US ARMY BALLISTIC RSCH LABS
ATTN: AMXBR-LB

ABERDEEN PROVING GROUND
MARYLAND 21005

CDR

US ARMY RSCH OFC (DURHAM)
BOX CM, DUKE STATION
ATTN: RDRD-IPL

DURHAM, NC 27706

CDR

WEST POINT MIL ACADEMY
ATTN: CHMN, MECH ENGR DEPT
WEST POINT, NY 10996

CDR

HQ, US ARMY AVN SCH

ATTN: OFC OF THE LIBRARIAN
FT RUCKER, ALABAMA 36362

December 1976

1 copy to each

CDR

US A9OMY ARMT COMD

ATTN: AMSAR-PPW-IR
AMSAR-RD
AMSAR-RDG

ROCK ISLAND, IL 61201

CDR

U ARMY ARMT COMD

FLD SVC DIV

ARMCOM ARMT SYS OFC
ATTN: AMSAR-ASF

ROCK ISLAND, IL 61201

COR
US ARMY ELCT COMD
FT MONMOUTH, NJ 07703

CDR

REDSTONE ARSENAL

ATTN: AMSMI-RRS
AMSMI -RSM

ALABAMA 35809

CDR

ROCK ISLAND ARSENAL
ATTN: SARRI-RDD
ROCK ISLAND, IL 61202

CDR

US ARMY FGN SCIENCE & TECH CEN

ATTN: AMXST-SD
220 7TH STREET N.E.

CHARLOTTESVILLE, VA 22901

DIRECTOR

US ARMY PDN EQ. AGENCY

ATTN: AMXPE-MT
ROCK ISLAND, IL 61201

4
‘3
1
i
¥

e ntbatiad s e oot bt o ik oot il

el B 2t mshont i Ced D it d 3t

JISRPRIPIE JERFY, Ry

BTV TR




A e S

b

IR T, ST

B R T T T TR TR R kY
o . R eSS R 4

EXTERNAL DISTRIBUTION LIST (Cont)

1 copy to rach

CDR

US NAVAL WPNS LAB
CH1LF, MAT SCIENCE DIV
AMLIN: MR. D. MALYEVAC
DAHLGREN, VA 22448

DIRVCTOR

NAVAL RSCH LAB

ATTN: DIR. MECH DIV
WASIHINGTON, D.C. 20375

H1RECTOR

NAVAL RSCH LAB

Ccobit 26-27 (DOCU LIB.)
WASILINGTON, D.C. 20375

NASA SCIENTIFIC & TECH INFO FAC
PO BOX 8757, ATTN: ACQ BR
BALTIMORE /WASHINGTON INTL AIRPORT
MARYLAND 21240

NEFENSF METALS INFU CEN
BATTELLE INSTITUTE

505 KING AVE

COLUMBUS, OHIO 43201

MANUEL E. PRADO / G. STISSER
LAWRENCE LIVERMORE LAB

PO BOX 808

LIVERMORE, CA 94550

DR. ROBERT QUATTRONE
CHIEF, MAT BR

US ARMY R&S GROUP, EUR
BOX 65, FPO N.Y. 09510

2 copies to each

CDR A
US ARMY MOB EQUIP RSCH & DEV COMD
ATTN: TECH DOCU CEN

FT BELVOIR, VA 22060

CDR

US ARMY MAT RSCH AGCY

ATTN: AMXMR - TECH INFO CEN
WATERTOWN, MASS 02172

CDR
WRIGHT-PATTERSON AFB
ATTN: AFML/MXA
OHIO 45433

CDR

REDSTONE ARSENAL

AITN: DOCU § TECH INFO BR
ALABAMA 35809

12 cozies

CDR

DEFENSE DOCU CEN
ATTN: DDC-TCA
CAMERON STATION
ALEXANDRIA, VA 22314

NOTE: PLEASE NOTIFY CDR, WATERVLIET ARSENAL, ATTN: SARWV-RT-TP,

WATERVLIET, N.Y. 12189, IF ANY CHANGE IS REQUIRED TO THE ABOVE.

\

h\
\

ot tad sl

bt ikt i LR

L




