
AO—A073 k97 ISRAEL INST OF MEtALS HAIFA 
-

~ 

- - — 

Ffl 11/6
ELECTROI~~ICROSCOPIC STUDY OF SAND EROSION PROCESSES IN METALS, IU)

UNCLASSIFIED 
79

~~~~~~
t
~~~

1 
EOARD—TR—79—S 

AFOSR— 78—3560

_ _

flUflE U!!U
!~EI _ 

_  _  

_

I,qEI 0



L..~ I~
$ :~1.0 ——

____  ‘— L .~~
i~ 1201.1 L

Ills

1.25 1.4 I~Ii i.o
___  

==

~~~~~~~~~~~~~~~~~~~~~~~~~ -



III 
Liz:

Electronmicro scapic Study of Sand Erosion
o Processes in Metals

•
D D Cnrp(
~arPnnrJ1?F~1

~~~ wUU )U~U U ~~JB

08 2 4 062

DISTBIBUTION STATEMENT A
App,ov.d k publia is1ic~i~ 

- .



Grant Number AFOSR-78-3580

ELECTRONMICROSCOPIC STUDY OF

SAND EROSION PROCESSES IN METALS

Joseph Zahavi

Israel Institute of Metals

Technion — Israel Insti tute of Technology

Hai fa, Israel

JUNE 1979

Final Scientific Report I liarch 1978 - 28 February 1979

Approved for pub lic release:

dis tribu tion unlimi ted

Prepared for
European Office of ~erospace Research & Development

London, England.
•1.

‘
.

~~

.

. 1~
— —S.. 

—S.— - ~~~ S S -~~~~~~~~ -



- — —— — — T

‘ S

I

1 / .

~ 1
q

Copyright 1979, by J. Zahav i , Israel Ins titute of Metals,
Technion Research and Development Foundation Ltd., Ha i fa ,
Israel.

5
’

- - - - ——5-———- . -S~~~Lf l~~~~~ IITF
~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . ~~ ~.



5 — — . ______

.
~~~~~~~

, _______  

-

S . . 5 . 1,
(~~j )

UPcRT DOCL*IENTATION PAGE .

1. Rep~~~ Numb r 2. Gov t Accession N~. 3. Recipient ’ s Catalog Number

(I~ ~~~~~~~~~~~
RD1

~~~~~~~~!~~~~1 

__4. Title (and Subtitle) 5. Type of Rap~~~~~~ & Period Covered

E~i~~i~~ aCRosCoPIc~~7vDY oF SAND 1 ~~~~ 1~i~~~~~~~ntific i~~p~~t. qE~~SlOtJ PROCESSES IN METALS. ~~~~~~~~~~ 2~( 1-a-b ’l
________

ing g. keport Nianbe

J,&flj~j~152~~
, ~~~~~~~~~~~~~ 8. Contract or Grant Number

Joseph/Zahavi / -
~~~~~ ~ AFOSR—78-3~~~~~

9. Performing Organization Name and Address 10. Program E ement , Projec t , Task
1~ Area & Work Unit Numbers

Israel Institute of Metals, Technion R&D
Foundation PE 61102)’ ~
Technion ~roj Ta,4i~!3*I~rOl
Haifa.. lan aI 68 (~(4
11. Controlling Office Name and Address 12. Rep~ö~t Date -

European Office of Aerospace Research and iT]~!(* 79 J JQ 3~’Develop ment , Box 14
• RO New York 09510 13. er or Pages

16. Monitoring Agency Name and Address 15.

Unclassified r
16. 6 17. Distribution Statement

Approved for public release; distribution unlimited .

18. Supplementary Notes Composite alloys were prepared in cooperation with Prof .
R. Murhairian, Dept of Metallurgy , Univ. of Illinois, Ill. 61801, USA. Technical
assistance of Mr. S. Fsiab.rg Israel Inst, of Metals1 is very much appreciated.
19. ~ey Words
Erosion, composite aluminium alloy, abrasive sand particles, eroded surface

• 
~~~~~~ Abstract
~JRnov1edgs and understanding of the variables , both environmental and

metallurgical , affec ting erosion of materials , are detrimental to predict s
~3eros ion behavior and U teL ..L.1 in minimizing erosion damage.

In this study erosion behavior of composite aluminium alloys containing
hard phase constituents such as silicon carbides and alumina has been
investigated. Use has been made of electron microscopy techniques for ~~~

I) _ C. 
~~~~ j

79 08 ~~~~~~ I• 062
VC~~M 1473

_______________________________



SIC%D*TY CLA$m.ICAT$ON 0? TN,, PAU4~~~~ ~~S ~~L.i 5

)Iexainination of eroded su r face morphology, structure and composition w it h
• special :tt:ntlon to the effect of hard phase particles on erosion processes

I t has been found tha t higher fraction of hard particles in metal alloy
led to higher target weight loss under the same erosion conditions.

Observations of eroded surface obtained by SEN suggest that erosion
process or material removal is composed of two basic processes:

a. local mater ial removal from particle—free surface target.

b. complete remova l of hard particles from the eroded target surfa
~~>

)

The behavior of composite metal alloys (.~j~u1d be further investigated
to gain more information and understanding of’~the role of hard phase con-
stituents on erosion process~ ~ ~~~~~~~~ ~~~~~ ~ i1~~~.r

I’ ~~~ ~~~~t~ 4t~J teA .
,~~~~

~ 6€SSION fcr 
S __ il ,

~ S~c~!oe ~‘~~on ~
Ut~ NN~’• . -

~ fl 

t U 1 ~ljA AiABitI1T ~OI$
01st. AVIUL 3qd/bf SPtC~~

1 .  _ _ _

a

S 
sgcu~ i tv CLA$SPIC*Y1O5 OP ?W’• PAO(fm,um Die. I.rse.~ •

_ _ _ _ _ _



~~~5~55~ ~~~~~~~~~~~~~ “— -

- . 

. . 
:i;~.

ZOUD-TR 79—5 20 August 1979

This report has been reviewed by the Information Office (EOARD/CMI)
mod is releasable to the National Technical Inf .~rmation Service (NTIS).
At NTIS it will be releasable to the general public , including foreign
nations.

This technical report has been revieved and i approved for publication.

~~~~~~~~~~~~~~ ~z~4c~ d
fiN T. )ULT(% GORDON L. HERMANN
cientific and Technical Information Lt Colonel, USA?

Office ; Qiief , Structures and Materials

~~R ‘DIE CCI*IANDER

H
Lt Colonel, USA?
Deputy Commander

a

I

II

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . J



~~
- .

~
. -

~~~.3~~~~ ~~~~~~~~~~~~

w H

CONTENTS

Page

1. Introduction 1

2. Background 1

3. ExperImenta l 2

3.1 Alloys preparation 2

3.1.1 Materials . . . . . .  3

3.1.2 Procedure  3

3.1.3 SpecImens and surface treatment I,

3.2 ErosIon system 5

3.2.1 Apparatus  5

3.2.2 Abrasive sand particles . .   5

3.2.3 Erosion Tests  5

3.2.1. Microscopy Exam i nation 6

• 4. Results and Discussion 6

4.1 Erosi on Behavior 6

4.1.1 Effect of composition alloy 6

4.1.2 Effect of i mpact angle 7

4.2 Target Surface Characterization 8

4.2.1 General Appearance 8

4.2.2 Local Erosion Processes and Hard Phase
Par t icles 9

5. Further Discussion 10

S



S-_ S _~S _~~SS ~~~ S ~~~~~~~~~~~~~~~~~~ __SS ~~~~~~~ —_ ‘‘~~~~~ ~~~~~ — .—-—_— — .—..—,——— — ‘

rn,
— 1 —

1. INTRODUCTION
‘ S .

The firs t report dealt primarily with the preparation of aluminium

( , 
composi te alloys containing alumina and sIlicon carbide hard phases and

their behavior under various erosion conditions. In this annua l report

we shall suninarize the work described in the firs t report as well as

describe further results concern i ng microscopy of target specimens

regar di ng surface morphology, structure and composition before and
after being exposed to various erosion conditions .

The hel p and advice of Professor R. Merhairian In preparing the

composi te a l u m i n i u m  al loy spechnens at h i s cast in g labo ra tory , Depar tment
of Meta l l u r gy, Universi ty of Illinois , Urbana , Ill. U.S.A., is very much
appreciated .

2. BACKGROUND

The erosion of ductile materials by a stream of abrasive particles

has been a subject of practica l importance in the operation of aircraft

engines in sandy or dusty envi ronments. Papers on the subject began

appearing about 1960 and reflected the interest of the Nationa l Gas

Tur bi ne Es tabl i shmen t in ~~~~~~~~~~~ and gas turbine eng ine manu-

fac turers i n the ~~~~~~~~ These papers were largely aimed at quantl-

fy i ng the effect of the eng i neering parameters, such as impingement

velocity, impact an9le , particle size , and tar get ma ter i a l , on the
erosion rate. At the same time these works considered the mechan i sms

of metal removal by hard particles and presented results of electron S

microscope investigation of morphol ogical changes that occurred.

The subject has also been approached from an eng i neering mechanics

viewpoint~~’ 
8) and va l uable ins igh t i n to the erosion processes has

been gai ned. Details of the microscopic deformation and remova l pro-

cess has also been presented for erosion of ductile metals by steel

balls~~~.

______ S -_—
~S--~~~~- ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —S.—-.--
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In a recent i nvestigation (1~
) the correlation of surface morpho—

logy wi th sand erosion rate of ductile metal lic materials i.e.

Tl-6A1-1.V, SS. 410 and 2O24T4 Al has been studied. The results ob— 
S

ta m ed showed that sand erosion process was the result of two separate

processes occurring simultaneously, an Intrinsic erosion process that

removes metal and an adhesion process that embeds sand particles in

the surface.

Examination of the eroded surfaces wi th a scanning electron micro-

scope and an electron probe microana l yzer revealed that sand f rag-

ments became embedded In the metal surfaces and that the intrinsic

erosion process was the result of a sequence of more localized material

removal processes occurrin g when the metal surface was struck by the
sand particles .

These l oca l eros ion processes were chara cter i zed by underm i n i n g
around hard microconstltuents and by cratering . The size of these

microconstituents (aluminium rich phases in Ti-6A1-1.V and I ron or

copper-rich phases in 2024 Al) about 10 micron s was of the same order

as the embedded particles and the cratered structure formed.

The a im of this  research was to ga in  addit iona l unders tan di ng of
the mechanism of loca l mater ia l  removal from eroded compos ite meta l l i c
surface containing hard phase partic les by means of direct observatIon

of surface morphology structure and composition in T.E.M., S.E.M. and

E,P.M.

3. EXPERIMENTAL

3.1 Alloys preparation

Alumin ium composi te alloys containing hard phases of a lumina  and
silicon carbide particles were produced for this i nvestigation .

- -
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3.1.1 Materials

In this work coninerclally aluminium-copper alloy (Al 2024 - Tie)

made by Alcoa was utilized for preparation of aluminium com-

posi te alloy containing alum i na and silicon carbide particles .

The incorporated alum i na material particles was Alcoa Type

A— 1O in the sieved size of -140 mesh + 200 mesh.

The incorporated silicon carbide material particles was in

the sieved sizes: + 100 mesh 917 gr.
- 100 + 11.0 mesh 1347 gr.

S 
- 140 + 200 mesh 253 gr.
- 200 mesh 7 gr.

3.1.2 Procedure

The fabrica ti on p rocesses of the composi te a l u m i n i u m  a l l o ys
were conducted together with Prof. R. Merhabrian, making

use of his casting facilities at the Un ivers i ty of Illinois ,

Ur bana , Ill ., U.S.A.

The preparation procedure consisted of the following stages:

a) Melting the Al 2024 - 14 alloy in an induction furnace.

b) Transferring the melt to a mu llite-graph i te crucible

insite a resistance heated furnace with a carbon double

blade stirrer.

c) Cool ing the melt by continuou s flow of argon until the

temperature reaches the desi red va lue in the liquid-

solid zone.

d) Upon formation of solid particles of aluminium in the

mel t alumina or silicon carbide particles were fed into

the melt.

e) The material was reheated above Its liqu i dous temperature

while agitation was continued .

‘~~~1

_ _ ____

~

_
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H
f) The melt then was cast through a bottom hole Into pre-

heated 1” diameter and 5” long of graphite molds.

g) Thereafter the l ngots were melted and squeezed cast

under 6 ton load at 3000C to form pore free ingots in

the size of 2” in diameter and 1.5’ length.

3.1.3 Specimens and Surface Treatment

Specimens 2” In diameter and *“ in thickness were cut with

diamond saws from the prepared i ngots of aluminium composi te

alloys .

The var ious kinds of specimens prepared for examination under

eros i on condit ions i n this  work are l i sted below:

Type of Matrix Hard phase Amount of phases Hea t trea tment
Ma ter i al

Composi te Al 2024 15% Vol.
Alum InIum SiC 30% Vol . As tasted

40-50% Vol .

15% Vol .

30% Vol.

Alum inium 2024 - — T3
Alloy

To

Specimens prepared from non—composi te 2021. aluminium alloys

were squares in the size of 5x5x1 nm.

Spec i mens made of composi te alum i n i u m  a l loy were mechan i call y
polished with 600 grit SiC paper and then with diamond com-

pound on napless paper to provide uniformly smooth surfaces

before being exposed to erosion conditions. Chem i cal treat-

ment of these specimens would result in non—uniform surface.

On the other hand samples made of Al 2024 To and Al 2024 T3

‘S

_ _ _  --- 55 --- ~~-- -- - --5 5 - -’—— 55---- -- —-~~~~--.— ~~~~~~~~~—- 5——-



—S.- — —55-———- —S.— -_-_-_S 
— -5- — 55 5-5 .-- 55— 

—~~~~~ --‘ 5- 5.’

-5 ..

sheets were chemicall y poH~~ :‘  ~ acid solutions containing

H2S04, H3P04, HNO
3 

(3 : 16 : 1) before erosion .

3.2 Erosion System

3.2.1 Apparatus

An air-blast sand erosion r i~. ~~~~~~~ used . Fig. 2 shows the

principal elements of the ri g. Filtered compressed air at

room temperature is partially by-passed through a sand reser-

voir from which the sand is picked up and ‘ntroduced into

the main stream through a contro l orifice . The air-sand

stream then flows through a 4:1 converging nozzle into the

specimen chamber.

The air flow rate was measured with an orifice flow meter.

The actua l mean ve locity of the sand entering the spec imen

chamber was measured by the time-of-fli ght device suggested

by Ruff  an d i vesW). The device was inserted in place of the

specimen chamber and calibrated against the nom i nal a~r flow

rate , which was subsequentl y used for control . In the air

velocity range used , the sand vel ociety proved to be about

one—third the air ve l ocity, (in agreement with the results

of Ruff and Ives) shown in Fig. 2.

3.2.2 Abrasive Sand Particles

Natura l sand collected from the shore of the Med i terranean

Sea was sieved into the range of 210 to 297 11m and oven

dried . This sand contained about 96 per cent by weig ht of

Si02, the constituent considered to be responsible for its

eros i veness. The grains were slightly rounded and somewhat

elongated , as seen in Fi g. 3.

3.2.3 Erosion Tests

The sand reservoir was filled with sand in amounts vary ing

between 50 and 600 gr and the experimenta l run continued unt~ l

all the sand had been exhausted from the reservoir. The max-

S.’

~~ 
—
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Imum air veloc i ty used was 150 m/sec, and the specimen
im pact ang les were 11/2, 11/3 , and 11/6 rad (90°, 60°,
and 3Ø0)• Two to three runs wp’- made for each experi-

mental cond i t ion of a i r  veloc i ty,  imp i ngement angle , sand

quantity, and alloy . Before and after exposure the

specimens were weighed to 0.1 mg on an analytica l balance .

3.2.4 Microscopy Examination

Optica l and electron microscopj techniques were used in

characterizing target surface before and after bei ng

exposed to eros ion conditions. Electron probe micro-

analyzer (EPM) and a scann i ng microscopy together with

an X-ray unit were used to correlate surface morphology

and composition with erosion kinetics and presence of

hard phases.

4. RESULTS AND DISCUSS ION

The work carried out in this i nvestigation aimed at studying erosion

ki neti cs and eros i on processes , i.e. material removal and how these were

affec ted by the presence of har d phases embedded in the alloy matrix .

The resul ts obta i ned are descr ibed as follows :

4.1 Erosion Behavior

Fi gs. 4 and 5 show the relation~~,i~~.. -ci i  target weight change

and imp i ngement angle of i mpacted erosive sand particles for aluminium

alloy containing silicon carbide particles (Fig. 1. ),  and alum i na par-

ticles (Fig. 5). A constant amount of 500 gr. sand particles struck

target surfaces at 42 rn/sec for the kinetic data shown in Figs. 4 and 5.

4.1.1 Effect of Alloy Composition

Target weight loss vs. impact angle curves shown in Fig. 1+

suggested tha t incr eas in g the amoun t of SIC par ti cl es in
the a l u m i n i u m  ma tr ix  resul ted in hi gher tar get weight - l oss
when exposed to eros i ve condItions at a given impact angle.

I
r
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In eroded alum inium alloy containing 15% SiC weight loss
was about 25* to 50* more compared to free particle alloy

while in eroded alum inium alloy containing 40-50% SiC weight

loss measured was about 5-6 times compared to non-composi te

alloy (Fig. 4).

In observing the behavior of aluminium alloy containing

various amounts of alum I na particles under erosi ve conditions

as shown in Fig. 5, i t can be deduced that the higher the

amount of alum i na particles the hig her was the weight loss

measured. The behavior of these compos i te aluminium alloys

under erosive cond i tions can be explained by the fact that

besides local material removal processes occurring at matrix

surface the hard phase particles either SIC or Alumina are

removed comp le tely from target surface. That particles were

removed from the eroded target surface was also confirmed

by microscopy examination (see 4.2).

4.1.2 Effect of Impact Angle

Composi te a lumin i um al~1oy specimens containing 15% or less
by volume of har d phase par t icles , either SIC or alumina ,
showed maximum weight loss at low impact angles of 30

0 and

— minimum weIght loss at normal angles as shown in Figs. 4 and

5. This behavior Is typ i cal for ductile mater ials being

exposed to Impact of abrasive particies
(10).

Increasing the amount of hard phases In the matrix (up to

30% in volume) led to maximum target weight loss at im pact
ang le of 600 as can be seer In Figs. 4 and 5 for SIC and

Alum i na particles respectively.

Furthermore, increasin g the amount of SIC up to 1+0-50%

(vol ume) in the matrix led to Independence of target weight

loss on impact angle (Fig. 4). This can be explained by

assuming that at such high concentration of hard phase

particles in the alloy matrix (40-50% SIC In 2024 Al) target

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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weight loss is governed primaril y by removal of comp le te
particles from target surface. Removal of part icle from the

surface is not affected very much by the abrasive particles

- Impacted angle.

4.2 Target Surface CharacterIzation
4.2.1 Genera l Appearance

Opt i ca l Microscopy - A typ i cal general appearance of composite

aluminium alloy containing silicon carbide particles as observed with

optica l microscope Is shown in Fig. 6. Before being exposed to eros ion

con diti ons the surface con ta i ned un i form l y distributed silicon carbide

particles 100 to 150 mIcrons In size with angular shape as can be seen

in Fig. 6A. The particles appear In the photographs (Fig. 6) as bright

zones surrounded by dark rim. After eros i on many of the hard silicon

particles were removed leaving craters and grooves on target surface

(dark zones in the photograph, FIg. 6). Removal of hard phase particles

-~ from eroded target surface was found at low impact angle (30° see Fi g.

68) as well as at normal angle (900, FIg. 6C). Careful exam i nation of

the eroded surface revealed that some of the grooves or craters (dark

areas in the photograph, FIg. 6) contain pieces or fragments of hard

phase particles (bright spot areas wI thin the dark zones) which might

suggest that particle removal was associated with breaking or fractur-

ing of the hard brittle particles. Detailed observations of target

surface were conducted by making use of electron microscopy , and the

results obta i ned are described herein.

Scannin g Elec tron M i croscopy - The general appearance of the
surfaces as observe d wi th the scann i ng el ect ron micro scope i s shown in
Figs. 7 to 10 for composi te aluminium alloy containing silicon carbide

S 

particles and In Figs. 11 , 12 for alum i na particles .

Surface morphology of composI te aluminium alloys containing silicon

carbides and alumina before being exposed to variou s erosion condltlons

is shown in Fig. 7 (a to c) and in Fig. 11 (a, ~
) respectively.

Target surface as seen with the SEM before erosion is character-



i zed by the presence of hard phase particles some of which are fully

• embedded in the surface, some are protruding at variou s angles from
the surface and some are not at the surface any more, leaving craters at

• their traces (Fig. 7a). A typical silicon carbide particle , i ts shape

and the way it Is embedded in the target surface, as well as the Inter-

face between the particle and target matrix , is shown in Fig. 7b.

X-ray pictures of Figs. 7c and 7d show the presence of Si (Kcm) and Al

(kci) in the area shown In FIg. lb. ~S

After erosion all the composi te aluminium alloys containing either

silicon carbide or alumina particles exhibited a cratered structure

Independent of impact angle as shown in FIgs . 7-10 for silicon carbide

and In Figs. 1 1 , 12 for alum i na particles.

The crater structure (10 to 30 microns in size) is characterIstic

to eroded surface of ductile material such as alumInIum as was observed

In a previous work(10). The general appearance of the eroded composi te

alloys surface is also characterized by the presence or absence of hard

phase particles. These particles either remained unaffected by the

impacted sand particles (Figs. 7, 9, 10, 11) or were removed completely

from the surface, leaving some traces of fractured areas (FIg. 8, for
example). The presence of hard phase particles in the aHoy matrix dld

not affec t the local erosi on p rocesses i n free part ic le  l oca l areas in
target surface.

4.2.2 Local Erosion Processes and Hard Phase Particles

The general cratered structure of eroded surfaces was the

resul t of many localized material removal processes occur-

rin g when the metal surface was struck by the abrasive

perticies(10). Localized material removal processes at free

particle surface area resulted in cratered type structure

in all the alloys examined . However, when abrasive sand

struck directly on hard particle in the target surface no

m terial removal or cratered structure was detected In the 
S

particle as can be seen in FIgs. 9 and 10.
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Furthermore when a particle was embedded Just below the
target surface It stopped the continuation of loca l material

removal upon exposi ng the particle surface (Figs. 9, 10).

Upon exposing target surface to various erosion conditions

some of the hard phase par t icles were removed comp letely
from the surface (FIg. 8). The removal of the particle was

associated with its breaking up or fracturing as shown in

Fi gs. 8a-8d. Removal of the hard phase particles resulted

in high weight loss or high erosion compared to non-composi te

alloy exposed under the same eros i on cond i ti on as shown in
Fig. 4.

Examination of eroded surface of aluminium alloy containing

a lumina  par t icles showed tha t loca l ma ter ia l remova l occurred
around the particles (Figs. 11 , 12) where the particles them-

sel ves were removed thereafter.

Local material removal was associ ated wi th breaking up of

abrasive particles upon striking the surface and thereafter

penetration of abrasive fragments into the surface, Figs.

Be and 8f. This was observed previously in ductile non-

composi te alloys of alumi nium (1°).

5. FURTHER DISCUSSION

Al though it would be too early at this stage of the work to draw

genera l concl usions on the behavior of compos i te metal alloys under

erosi ve conditions and consequently on the mechan i sm by which material

Is r emoved , the resul ts presented In this report prov i de additiona l

knowledge for better understand i ng of the behavior of aluminium composi te

alloys (ASTM 2021. Al) containing high fractions of hard constituents

such as silicon carbide and alum i na.

The kinetic study , i.e. the weight change measurements (shown In

FIgs. is and 5) ind I cates that the greater the fraction or the amount of

hard phase particles in the aluminium matrix the greater Is target weight

Li 55- ~~~~~~~---~~~~~~~~~
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loss under the same eros ion conditions. These results strongly suggest
that the presence of hard phase constituents in the matrix alloy has a
detrimental effect on the erosion behavior and eros ion damage.

The high rate of erosion measured in the composite aluminium alloys S.

compared to non-composi te aluminium alloys can be exp lained by assuming
that sand erosion process in the composi te alloys is composed of two

processes: a) removal of material from the matrix free particle sur-

face; b) removal of hard phase particles completely from the surface
(Fig. 6).

The SEM study revealed that sand erosion process in composi te

aluminium allo ys was the result of several material removal processes

taking place at impacted target surface: a) local material removal

from target surface resulted In cratered type structure 10 to 30 mIcrons

in size as can be seen in FIgs. 7-12;

b) Removal of hard phase constituents and partIcles primarily by under-

minin g of the material i mmediately next to these particles as shown,

for example, In Fi gs. 8, 9 ~ 11 . Removal of these particles from the

surface resul ted in a fractured surface containIng fragments of the hard

particle material for instance , silicon carbide as can be seen in Figs.

8a-8d.

c) Adhesion of abrasive fragment particles on the eroded surface.

Embedded sand particles can be seen in Figs. 8e-8f. This process was 
S

found previousiyO0) on non-composi te aluminium alloy.

Further work should be conducted In order to gain more understand i ng

regard I ng the behavior of composite alloys under erosive conditions.

However , on the basis of this work It is conc l uded that the hig her the
fraction of hard phase particles in the matrix alloy , the higher is the

weight loss under sand erosion condItions and this should be taken into

cons iderat Ion when erosion resistance materials are concerned for

various appl i cations.

S Zs _ _ s s~S& ~~~~~ —‘~ - — ~~~ 7- __
~~~~~~ Z~~~~~~~~~~~~~~~ 
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F1g . 1: Schematic of erosion experimental set up



P
5~~55~~ -5~~ ~-• —.5- ------ --- ., -

~ ~~~jIS I .~~~~~~~~~~~~~~55S5- .S5.s.5Sss~.ss-s - - 5-5 - - - - S  _________

Ii

SAND PARTICLES VELOCITY ( mdilc)

5
I 1 1

8 -  -

.

<~~~~ - .
m Or

S 
-

~i- 
-

S 
-

I I I I I

fj ~~: Eros iv, sand particles ve l ocity as function of air velocity
in the erosion apparatures.

S 

—- ~~~~~~~~~~~~~~~~~~~~~~~ - --- ---- - --s--~~~ -5-- 5- 5 -—  



III

• 
200pLm

Fig . 3: M icrograph of eros i ve sand particles.
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Fi g. 6; Optica l micrographs of composite aiumi nium alloy specimens

containing 30% Vol . silicon carbide particles

A. Surface appearance before erosi on

B. Surface appearance after bei ng eroded by 5O~ jr.

sand particles at Impact angle of 300.

C. Surface appearance after being eroded by 500 gr. sand par—

tid es at impact ang le of 90°.
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Fi g. 7: Composi te aluminium alloy containing 40-50% Vol. silicon

carbide particles before and after being exposed to 500 gr .

sand particles at 300 impact ang le. SEM examinations

- A. Target surface before erosion showing the distribution

size and concentration of silicon carbide particles.

B. Same area as in Fig. 7A showing one particle.

C. X-ray image of SI(Ka) showing the distribution of Si in

-
~~~~~ 7B.

1 0. X-ray image of A1 (Ka) showing the distribution of Al in

7B.
- 

E. General appearance of target surface after being exposed

— to erosion conditions surface Is characterized by cell or

- cratered type structure together with hard phase particles

of silicon carbl des.

F. Enlar gement of the area shown in t. It reveals a single

hard phase particle.

G. X-ray Image of Si(kci) in the area shown in F.
- 

H. X-ray image of A1(Kcx) I,, the area shown in F.
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V II I

Appearance of composi te aluminium alloy containing 40-50%
Vol. silicon carbid , particles after being exposed to 500 gr.
sand particles at various Impact ang les.

A. Eroded surface at Impact ange l of 300, showing remova l of
sIlIcon carbide parti cle f rom the surface .

B. X-ray Imag. of S1(ib) in the area shown in A.
C. Eroded surfac. at normal Impact angle showing the removal

of silicon carbide particle from the surface.
0. X-ray image of Si(ka) In the area shown in C.

E. Eroded surface at normal impact ang le show i ng the embedd in g
of fragmen t of sand particle In the eroded surface.

F. X-ray image of Si (K ) in the area shown in E,

i i
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Fig. 9: Appearance of compos i te aluminium alloy containing 30%
Vol. silicon carbide parti cles after being exposed to 500 gr.
abrasive sand particles at variou s impact ang les. SEM
examinations

A. General view of eroded surface at impact angle of 300.

F Cratered structure and particles are shown.

B. Enlargement of the area shown in A. A s ngle eroded par-

tid e is shown.
C. X—ray image of SI(K~) in the area shown in B.

D. Remova l of material resulted in exposing a silicon carbide
particle beneath the surface.

E. Removal of silicon carbide particle from a target surface
exposed to impact angle of 600.

F. X-ray image of 51(1(a) in the area shown in E.

G. Remova l of silicon carbide particle from a target surface
exposed to impact angle of 900.

- 

H. X-ray Image of Si(Ka) in the area shown in G.
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Fig. 10: Eroded surface appearance after being exposed to 500 gr.

abrasive sand particle at impact angle of 300. SEN

exami nations.

A. General view of eroded surface. Cell type or cratered

structure together with particles are shown.

B. A typical sing le hard phase particle in the eroded area

shown in A. Particle surfaces do not erode In the same

way as the matrix.

C. X—ray image of Si (K~) in the area shown in B ind i cating

that the particle is actually SIC.

0. Removal of a hard phase silicon carbide particle from eroded

surface which resul ted In a fractured area.

E. Si(Ka) X-ray mage showi ng the distribution of SI in area 0

ind i cating the presence of SIC.

F. Al (Ka) X-ray image for dis tribution of Al in area D.
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X l

F Fig. 11: Surface view of composite aluminium alloy containing 30%

Vol. alum i na particles before and after being exposed to

erosion. SEN mlcrographs.

A. General appearance of target surface showing presence and

t distribution of alum i na particles before erosion.

B. A typica l alum i na particle in the surface before erosion.

I t is noted that the alum ina particles tend to agiomerate

in local zones as shown also in A.

C. After erosion - presence of alumina particles in eroded

surface exhibi ting cell type or cratered structure.

Target was subjected to 500 gr. sand particles at 300

imp i ngement angle.

0. High magnification view of area shown in C. Material

remova l an d erosion process are shown around a l u m i n a  par-
ticles.

E. After erosion - view of eroded target surface after being

exposed to 500 gr. sand particles at 60° impact angle.

55 Presence of alumina particles within eroded cratered surface

structure.

F. A typica l view of erosion process or material removal in

the vicinity of alum i na particles in the eroded surface.
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Fig 12 Eroded surface of composi te aluminium alloy containing 15%
~~

- - 
Vol . alumIna particles after being exposed to 500 gr.

-
- . abrasive sand particles at various Impact angles.

- - ; A. Eroded surface mpacted at 3Ø0~ Cell type structure and
some alumina particles are shown.

B. A typical alumina particle within the eroded area
characterized by cell structure. Magnification of the area

shown in A.

C. Eroded surface impacted at 600 resul ted in cell type

structure. Also some alumina particles are shown within

the eroded surface.

0. Deta i l e d eroded surface structure of the area shown in C.
E. Eroded surface impacted at 900 resulted in cell type struc-

ture which is characteristic also of non-composite alloys.
F. Detailed structure of the eroded area shown in Fig. E.
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