CHAPTER 6

Metal Matrix Composites
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Metal Matrix Composites
* High specific strength, high specific modulus, good

toughness, higher temperature capabilities, ...

* 1960s: Boron fiber reinforced 6061 aluminum
* 1960s: Unidirectionbally solidified eutectics
* 1970s: Carbon fiber reinforced metallic composites

SiC, ...
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* Now a variety of reinforcements are availabile, e.g. ALO3,

Metal Matrix Composites
* Main activities in MMCs:

— Boron/Aluminum

— Carbon/Aluminum
— Al/A203, Mg/A1203
— Al/SiC

— Eutectic composites
— Insitu composites

— Nano composites
— Unconventional composites (a new proposed course)

» Three kinds of metal matrix composites (MMCs):
— Particle reinforced MMCs
— Short fiber or whisker reinforced MMC's
— Continuous fiber or sheet reinforced MMC's
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Types of Metal Matrix Composites

Table 6.1 Typical reinforcements used in metal matrix composites

Diameter
Type Aspect ratio (pm) Examples
Particle ~1-4 1-25 SiC, Al;03, WC, TiC, BN, B4C
Short fiber or ~10-1.000 0.1-25 SiC, Al,Os, ALO; + Si0,, C
whisker
Continuous fiber ~ >1,000 3-150 SiC, Al;03, ALO; + SiO, C, B, W, NbTi,

NbsSn

 Particle or discontinuously reinforced MMCs have become
very important

» Compared to fiber reinforced composites:
— Inexpensive
— Relatively isotropic properties
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Cost of Commercial MMC Materials and Reinforcements

Stir-casting MMC (PRM): 5 - 25 €/kg (e.g., Duralcan)

Sprayed MMC (PRM): 10 - 50 €/kg (e.g., Peak)

PM (PRM): 15— 150 €/kg (e.g., AMC, DWA); Dartal: 28 €/kg
Particles: 1 - 10 €/kg (except B,C: 40 €/kg)

Short ceramic fibre preform: 200 €/kg (Saffil)

Carbon multifilaments: 15 (HT) — 2000 (HM) €/kg

Ceramic multifilaments: > 350 €/kg

Ceramic monofilaments: > 5000 €/kg

Consequence:

Fibres are competitive only for small components or as selective reinforcement!

acc: Achim Schoberth (EADS), MMC for Aerospace Applications’, DFG, AK CMC, Bremen, 11. Marz 2005
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Fig. 6.1 (a) Transverse cross-section of continuous alumina fiberfmagnesinm alloy composite.
(b) Typical microstructure of a silicon carbide particle/aluminum alloy composite. Note the
angular nature of SiC particles and alignment of particles along the long axis
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Types of MMC - Reinforcement Phases
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MMC Applications in Automotive Industry: mainly Particle Reinforcement
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Application Example 'omotive and other Brake Systems

4 AccuBond™ Duralcan™ MMC Duralcan™ driveline housing, brake rotor and brake drum
(A359/SiC/20p/pme/T6, and A360/SiC/20p/hpdc/T5)

driveshaft
(6061/A1,0 /20p/extruded/Te)

e s witars Entepres

Lousae (€0} sk, 2010

a2z Aran Engneerea cast rosues, Aean ne
(o Trto Akan nc), Montea, Ca1a33, 2010

Disc brake caliper with fiber

High speed train brake rotors
from Duralcan™ Al Si7TMg/SiC,,

Weinin. Wiey-VCH. 2000

3M® Nextel 610 long
fiber reinforced AMC
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Review of MMC Applications ‘
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Application of Continuous Fibre Reinforced MMC in Aerospace Industry

F16 main landing gear Hubble space telescope antenna mast

(with a MMC drag brace)
Pitch based carbon fiber reinforced 6061 Aluminum mast made of
diffusion bonded sheet material; 3.6 meters in length.

- Light weight component

- High elastic modulus and low coefficient
of thermal expansion to maintain the

G
P 3 position of the antenna during space
* couney: 5 semnce operations
The MMC drag brace in front of the reference - Wave guide due to excellent
part made of high strength steel electrical conductivity

Ly

T acc ol 53 ne (201, pp 1417

[RRR—. . MMC mast deployed in the Hubble space telescope  Carbon fiber reinforced MMC mast
R Gadow
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Processing

* Liquid-State Processes
¢ Solid-State Processes
¢ Gaseous-Stare Processes

* Liquid-State Processes:
— Near net shape
— Faster processing time
— Less expensive

¢ Most common liquid-state processe
— Casting, or liquid infiltration

— Squeeze casting, or pressure infiltration
— Spray co-diposition
— In-situ processes
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Liquid-State Processes
v’ Conventional casting

* Typically used with particulate reinforcements because of
difficulties in casting fibrous preforms without pressure

* The particles and molten matrix are mixed and cast

* Secondary mechanical processing may be applied, e.g.
extrusion or rolling

Composite Materials, 2015, BN, IUT, Iran
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Liquid-State Processes

— €

Extrusion Billet

Ceramic Particles

—| [ RAAE
Foundry Ingot

Ingot-Grade Aluminum
L»

Rolling Blank

Fig. 6.2 Schematic of the Duralcan process
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Liquid-State Processes
Modification to existing conventional processing:

1- Use alloys that minimize reactivity with the reinforcement,
e.g. high silicon Al-Si alloys with SiC.
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Fraction of Si (At, %)
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Temperature (C)

Fig. 4.2 Fraction of Si, at a given temperature, required to prevent formation of
ALC; in an Al-S¥/SiC composite (after Lloyd, 1997).
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Liquid-State Processes

2- Higher processing temperature due to higher viscosity of
the slurry, e.g. ~745 °C for Al-Si-SiC

—  Viscosity of particulate composite, 1,

e = 1 (1 + 2.5V, + 10.05V5)

M- the viscosity of the unreinforced metal
Vp: the volume fraction of particles

* For very small particles, e.g., 2-3 um, the viscosity is even
higher due to a very large interface region.
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Liquid-State Processes

3- Protection by an inert gas to reduce oxidation of the melt

4- Stirring is often required to avoid sedimentation or flotation

of the reinforcements.

— SiC density= 3.2 g/cm’, Al density= 2.2 g/cm?
— Stirring: Mechanical, induction, ultrasonic vibration, ...

 Stirring also improves wettability and permeability of the

reinforcement in the molten matrix

Composite Materials, 2015, BN, IUT, Iran

Liquid-State Processes

v'Particle stirring (Vortex method)

o) Partces

B

Stirring of composite melt with ceramic particles to minimize
settling of the particles during processing.

Composite Materials, 2015, BN, IUT, Iran




Liquid-State Processes

 Particles are stirred in the molten alloy
* Near net-shape (little further processing needed)
* Porosity should be minimized

 Particle surface treatments may be needed to improve
wettability

* Prolonged contact between liquid metal and reinforcement
— significant chemical reaction

* Typical lower limit on particle size: 15 pm!

*+ MaxV,~1520 %

Composiie Materials. 2015 RN, WUT, Irzn
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Liquid-State Processes
Sedimentation of particles

Pparticle > Pumarix = Settling down of particles according to
the Stokes’ law.

2(pp=pp) o
vy = ———g R
9 7 g
v, = particle's settling velocity (m/s) g = gravitational acceleration (m/s?)

p, = mass density of the particles (kg/m’) ~ p; = mass density of the fluid (kg/m*)
p=dynamic viscosity (kg /m.s)

v Compocasting (semisolid composite casting)

* Processing within the semisolid temperature range
 Higher viscosity of the slurry
« Existence of already solidified particles
— Better distribution and retainment of the reinforcement

Composite Materials, 2015, BN, IUT, Iran

Liquid-State Processes
v Continuous fiber reinforced MMCs by vibration methods

*Tows of fibers are passed through a liquid metal bath
eIndividual fibers are wet by the molten metal
*Excess metal is wiped off, and a composite wire is produced

A bundle of such wires can be consolidated by extrusion to make
a composite.

ULTRASONIC
T HORN

GRAPHITE-ALUMINUM
/- WIRE

ALUM INUM REEL

MELT

Figure 7.12  Ultrasonic vibration of an aluminum melt to assist the infiltration of a
bundle of coated carbon fibers. From Ref. 14. (Reprinted by courtesy of Marcel
Dekker, Inc.)
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Liquid-State Processes

Fig. 6.3 A silicon carbide fiber/aluminum wire preform. SiC fibers can be seen in the transverse
section as well as along the length the wire preform

Composite Materials, 2015, BN, IUT, Iran

Liquid-State Processes

v’ Lanxide’s Primex™ process:
* A pressureless infiltration process

* Used with certain reactive metal alloys such AlI-Mg to
infiltrate ceramic preforms.
— Processing temperature for an Al-Mg alloy: 750 -1000 °C in a
nitrogen-rich atmosphere
— Typical infiltration rates are
less than 25 cm/h.

[nr—

Preform fabrication

Vo
v

Matris growth

o
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Fig. 4.8 Pressureless infiltration of MMCs: (a) Alloy matrix infiltration of
particulate preform and (b) pure matrix infiltration of metallic alloy particle and
ceramic particulate preform.
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American Foundry Society * 105% Casting Congress, April 28 - May 1, 2001-Dallas, TX, USA

Liquid-State Processes

v' Squeeze casting / pressure infiltration:

* Squeeze casting of a composite slurry

— A composite slurry prepared by other casting methods, e.g. vortex
method, is solidified under a mechanically applied pressure

Pouring Pressurization Solidification Ejection

Composite Materials, 2015, BN, IUT, Iran

Pouring Pressurization Seliditication Ejection

Fig. 65 (a) Squeeze casting technique of making a metal marrix composite. (h) The microstruc-
T Saffil alumina fiber/aluminum marrix composite made by squeeze casting. [Courtesy of
G. Eggeler]
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Liquid-State Processes

* Squeeze casting/Pressure infiltration
— Forcing the liquid metal into a reinforcement preform.

mn

Ram

Liquid Metal

Fibrous or
Particulate Preforn

Schematic of squeeze casting or liquid infiltration processing.
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Liquid-State Processes

Piston

w Agitator 4
Die =
Whisker =
*Preform \ il g
: A Wate
Manufacturing: ter 8
. Slurry Fil Al Fiber Preform
a- Press forming e Water
ay Agitation b) Molding ©) Squeezing d) Drying
b =,
Il
——
Suction
b- Suction forming e ) Witk Binder EI‘/ Preform

=

Fiber Preform

Filter
2) Suction b) Demolding o) Drying

Fig. 6.4 (a) Press forming of a preform. (b) Suction fomming of a preform
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Liquid-State Processes
Structural Composite Architectural Forms

3D Blocks, Octagons 4D Hexagons 3D Cylinders & Frusta
f

) v 30 CYLINDRICAL WEAVE
30 ORTHOGONAL WEAVE
Alternative Multi-D Forms

c- Weaving
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Liquid-State Processes

(a)

b

Warp
Warp fiber Space for Z4iber Z fiber
Zyan —
Filling yarn
.
¢ . Fillng fiber
unitcell 7
fength
@
U cotlwiath _|
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Liquid-State Processes
d- Pyrolysis of a polymeric

preform T T A S e oot
e- Ceramic coating of a
polymeric preform followed
by sintering

f- Freeze-casting

Suspension of ceramic particls in water becomes, after drying
and sintering, the (dark) ceramic n the composite

Freeze-casting
*(Left) Directional growth of Ice crystals in a slurry of water and high volume fraction of
fine ceramic particles
*The growing ice crystals push the ceramic into the grain boundaries.
«After drying and sintering, a porous ceramic preform is obtained.

+(Right) A freeze-cast Al-12Si-Al,O; composite produced by squeeze casting
Composite Materials, 2015, BN, IUT, Iran

Liquid-State Processes
Permeability of porous medium by a fluid

* Darcy’s Law for single-phase fluid flow:

7=—kop
U]

e J Volume current density (i.e., volume/areaxtime) of the
fluid

¢k The permeability of a porous medium

e 7: The fluid viscosity

* VP The pressure gradient responsible for the fluid flow

*External pressure T

*Viscosity of the liquid ) Volume current density T
+Permeability of the preform T

Composite Materials, 2015, BN, IUT, Iran
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Liquid-State Processes

¢ During infiltration, a given

reinforcement/atmosphere surface is

Liquid

Ve

Reinforcement

replaced with a reinforcement/liquid
metal surface.

* If opa > Opp 4 OLa Cosh — SPontaneous infiltration of molten
metal into the preform!

* If opa < OrL + OLA.Cos» the process cannot be spontaneous

— Some work is required to make the melt flow in the interstices of the
preform.

» This work should be supplied by an external source such as
vacuum in the preform or gas/piston pressure on the melt.

Composite Materials, 2015, BN, IUT, Iran
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Liquid-State Processes

* The minimum pressure required to infiltrate the melt into the
preform can be written as

P o< St (O 4+ OLa.Coso~OrA)

or P o< -S; (Oga — OrL~ OLA.Cos6)

— S; The specific surface area of the preform (interface per unit
volume of the matrix)

e If melt is to be forced through a channel of width r:

=) P o< -S; (Ogp — Opp— Opa Cose)/T

Composite Materials, 2015, BN, IUT, Iran

Liquid-State Processes

P o< -8 (Opa — OrL — OLA.Cos0)T

Liquid

Yuu

Reinforcement

* Infiltration is improved by increasing oy, and decreasing oy, .

* In wetting systems (0 < 90°), infiltration is improved by
increasing .S, and decreasing r:

* In non-wetting systems (6 > 90°), infiltration is improved by
reducing S, and increasing r:

* S, and rare dependent on volume fraction and size of the
reinforcements.

Composite Materials, 2015, BN, IUT, Iran
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Liquid-State Processes
* For most metal-ceramic systems (non-wetting systems), decreasing

the size of reinforcement particles/fibers or increasing the volume
fraction of the reinforcement deters infiltration.

* A preform with a higher specific area and smaller interstitial
channels requires a higher pressure for infiltration.

* Main variables:
— Reinforcements temperature
— Melt temperature
— Die temperature
— Applied pressure
— Rate of pressure application (Rate of infiltration)
— Alloy composition
— Reinforcement composition

Composite Materials, 2015, BN, IUT, Iran
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Liquid-State Processes
Squeeze cast/Pressure infiltrated composites

¢ A threshold (Min.) pressure is required for infiltration.

» Applied pressure should not exceed a Max. value!
— Applied pressures: ~70-100 MPa

* Makes the molten metal to penetrate the fiber preform and bond the
fibers

* Higher pressures may result in preform movement or failure!

» Short dwell time at high temperature

— Minimal reaction between the reinforcement and molten metal

Composite Materials, 2015, BN, IUT, Iran

Liquid-State Processes
* Can be free from common casting defects such as porosity
and shrinkage cavities
* Macrosegragation may occur!
* Selective reinforcement is possible

* Casting of wrought alloys is possible

* Near net-shape

Composite Materials, 2015, BN, IUT, Iran
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Liquid-State Processes

* Selective reinforcement
* Combustion bowl and ring grooves in diesel engine pistons

* Selective reinforcing with ceramic fibers instead of the Ni-resist cast iron
inserts

* Much superior products and 10% weight reduction

Diesel engine piston
(AV/Alumina fiber composite)

made by squeeze casting

Composite Materials, 2015, BN, IUT, Iran
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Liquid-State Processes

Pressure Gas Infiltration of a preform

* Controlled environment of a pressure vessel

« Rather high reinforcement volume fractions

* Reinforcement: particles, long or short fibers, whiskers, ...
* Complex-shaped structures

Process involves:

* Melting the matrix alloy in a crucible in vacuum

* Separately heating the preform

* Molten matrix material is poured onto the fibers

» Argon gas pressure forces the melt to infiltrate the preform

* The melt generally contains additives to aid in wetting the
fibers.
Composite Materials, 2015, BN, IUT, Iran

Liquid-State Processes
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Liquid metal gas infiltration process
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a) SiC particles, b) Al,O; particles, ¢) aluminum borate whiskers and d) Alumina
flakes preforms used in pressure infiltration process

Composite Materials, 2015, BN, IUT, Iran
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‘ Types of MMC - Reinforcement Phases

' Fomstooarteitung tchnischer Obartachan (81 . WYF-Coloquiuam, Aprd 16/15, 2002 Ego ngen, Swhzersnd

w0

Carbon fiber reinforced Mg Al,04 continuous fiber reinf. Al

SZP Innovations in Metal Matrix Composite Processing e
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Liquid-State Processes

Centrifugal Casting

* Inducing a centrifugal force during casting

* Obtaining a gradient in reinforcement volume fraction
* Optimal placement of the reinforcement

Mol Cap

Amospnere
Chamber

Mo
Lioud Muc___ | -
Hoated, i Centrifugal Force
Rotating Mold ar—y Induced Segregation
a) Centrifugal Casting b) Rotating Mold ©) Casting Cross-section

Fig. 4.4 (a) Schematic of centrifugal castmg pmcess, (b) rotatmg mold, and (c)
cross-section of finished casting with i

Composite Materials, 2015, BN, IUT, Iran
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Liquid-State Processes

Brake rotors
*  Wear resistance on the rotor face
* Easier machining on the hub area

Dark Areas = Particles of Ceramic

Inside of Friction Ring Outside of Friction Ring

Composite Materials, 2015, BN, IUT, Iran
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Liquid-State Processes

* Motor cycle brake rotor % 3

o
=

Blue: Lower vol % SiC

1s vel. = 20 vel. 30 vel. % 40 vo1. =

Dark Areas = Particles of Ceramic

Inside of Friction Ring Outside of Friction Ring

Composite Materials, 2015, BN, IUT, Iran

Liquid-State Processes

4 Heat reated
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Fig. istrbution SIC parti petiphery  Fig. 8- Variation in hardness from outer edge of as-cast and
of the Al2124)-SIC centrifugal cast ring. heat treated Alf2124)-SiC functionally graded composites.

TP.D. Rajan, RM. Pillai, B.C. Pai, MATERIALSCHARACTERIZATION61(2010)923-928
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=— Primary Si
*— Primary Mg;Si
a— Sum

Volume fraction of paricle/%

35 7 0 1
Distance from inner wall/mm

Fig. 3 Volume fraction of reinforced particles at different
pasitions

Fig. 2 Microstmictures of Mg:S¥S/Al gradient composites at
B.Li, , et al., Trans. Nonferrous Met. Soc. China 23(2013) 923-930. different locations: (a) Particle-rich layer; (b) Transition zone;
(©) Particle-free layer

Composite Materials, 2015, BN, IUT, Iran
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Fig.6 SEM images of AL 1955-53(g ibe n Fig 20): (9 1-3 mm; (5 3-5 mm; (0 5-8 (9 3-10 (9 10-14 s () 1415
)

Zhai Y., et al., Trans. Nonferrous Met. Soc. China 20(2010) 361-370.
Composite Materials, 2015, BN, IUT, Iran

Liquid-State Processes

Processing of WC/Co Composites
¢ Cemented carbides = WC/Co MMC

* Liquid cobalt wets WC particles very
easily (6=0) <= "

> Milling of WC particles with e s
Co powder — spherical granules of WC/Co

» Compaction under pressure (50—150 MPa) to make green
compacts having 65% of the theoretical density
» Pressureless liquid phase sintering

— Good infiltration of WC particles by liquid cobalt occurs because of
capillary action

Composite Materials, 2015, BN, IUT, Iran
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Liquid-State Processes

—

Spray-Forming Induction heated

/ ladle

* A molten alloy matrix iS  Particle
. . Injector
atomized using a spray gun

Atomizer
(nitrogen)

Preheated dry ceramic

il iniected i Round, spray-
particles are injected into deposited billet
this stream

¢ Produces a porous preform %}@
Spray
* The co-sprayed MMC is ' [ chimbes
subjected to scalping,
consolidation, and
secondary finishing / Fhaust
processes.

hematic of the spray formi I
Comgosite Materials, 2015, BN, IUT, Iral§c ematic o € spray fo ng process
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Liquid-State Processes

Fig. 1112 Spray formed billets of PEAK
Werkstoff GmbH. g

Fig. 117 Microstructure of alloy AISI20FeSNi2, “as cast” and “as sprayed”.

(a) 2 cast 50; (b) as cast 200; (¢) spray formed 200x; (d) spray formed 5001

Comgosite Materials, 2015, BN, IU 1, lran

Spray Forming

Steel billet being
horizontally spray
formed by twin
atomization

AUSi spray-formed billet
(300 mm @, 2.5 m length)
(couty ofPest)

oM, April 1999 (v, 31,720.),

Wenzelburger, Gadow
SZ P Particle Reinforced Light Metal Composites frarre

side

IFKB

University of Stutigart
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Liquid-State Processes

* Extremely short flight times
—formation of deleterious reaction
products avoided

* High production rate: 6-10 kg/min

High pressure die cast crankcase with
indirect extruded cylinder liners of the
spray formed alloy AlSi25Cu4Mg.

* Great flexibility in making different types of composites, e.g.
— Making in situ laminates using two sprayers
— Selective reinforcement

— Functionally graded Materials (FMGs) are possible

Composite Materials, 2015, BN, IUT, Iran

Thermal Spraying of Matrix Alloys

Arc wire spray torch (schematic):

substrate electrical contact

atomization/acceleration

particle jet continuous feeded wire

Energy source: electric arc

Max. process temp. 4000 °C

Materials metals, alloys

Particle velocity: 150 m/s :

Deposition rate: 20-300 kg/h | £ 75 SRS 7 e T

SEM of an AISi5 coating surface by

[ ——— twin-wire arc spraying

Wenzelburger, Gadow
SZP Particle Reinforced Light Metal Composites rarne

University of S side]

Thermal Spray Manuf iring of Pre-Imp d Material (Prepregs)

Continuous coating of fiber fabrics from coil to coil up to 1500 mm in width

B-axis robot system

arc-wire torch

carbon-fiber fabric aspiration vents

drive system

wKapT2r

SZP Innovations in Metal Matrix Composite Processing

sice 35
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Microstructure of Thermal Spray / Reheated Aluminum

Arc wire sprayed AISi6 coated carbon fibers

SEM micrograph of a cross section of coated carbon fiber fabric after heating

IFKB

Univrsiy of Sttigat

SZP Innovations in Metal Matrix Composite Processing e

side 28
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Matrix Application by Thermal Spray (TS) Processes

Reduced Chemical Reaction at Fiber/Matrix Interfaces during Application

Separation of Liquid Metal Compounding (Prepreg) and Densification
(Final MMC Material)

Densification

Thixoforging

Various possibilities |

Thixo Forming / Pressing

<)
£ <]
? @ £
2 2
C-fiber fabric / Al Si5-Prepreg I > g
» pre-impregnated, semi-finished material, 3 §’ ! E:
TS coated (twin-wire arc spraying) from ; E =il
both sides for residual stress balancing s [} %
I Q B Sl
3
T
I F KB SZP Innovations in Metal Matrix Composite Processing e
University of St pe side 29
‘ Manufacturing of UD Fiber Reinforced MMC — Process Chain ‘
coating
fiber
winding % L arc wqu torch
cylinder cylinder B !
cutting
matrix from metal alloy
UD fiber-bundle
UD fiber reinforcement piling &
packing
i heating
& thixoforging
Innovations in Metal Matrix Composite Processing rarre
University o side 38
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Fiber Reinforced Wheel by MMC Fiber Prepregs and Semi Solid Forging
Extensive fiber reinforced lightweight wheel rim, thixoforged C-fiber fabric, Al Si6
cutting
trimmed prepregs
laminating /
stacking
heating
& forging
SZP Innovations in Metal Matrix Composite Processing e
B side 12
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Local Fiber Reinforcement by Simultaneous Winding and Coating

Process chain:
billet Winding/Coating

o-T=-@.

Billet with fiber reinforcement

Forging process Gerged wheslwin

Inductive heating to semi-
solid temperature range

_ Bozenmit
Schmiede- —
% Samee Fasenwicklung

Billet material for thixoforging:
A356 (Al SITMg) alloy;
simultaneous fiber winding and
oating with Al Si6 alloy by twin-
wire lectric arc spraying in the

‘semisolid forging at Universitat Stutgart,
Institute for Forming Technologies

~ Aluminum billet (A356)

upper part of the billet.
R Gadow
L y . wkarTar
SZP Innovations in Metal Matrix Composite Processing
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‘ Infiltration Behaviour and Microstrucure ‘

Continuous HT carbon fiber reinforced component

Homogeneous

and complete
infiltration
without fiber
damage
SEM micrograph of the cross section of the component
SZP Innovations in Metal Matrix Composite Processing e
University of Stutigart = - side 37
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Raw Material for Thermal Spray Deposition of PRM Billets

Particle material used in this work:

A)SIC, fused and crushed, agglomerated

D50 (primary) = 20 pm, D50 (agglomerates) = 191 pm
B)alpha Al,O, (corundum), fused and crushed

D50 (primary) = 50 um

» Cored Wire 5754-SiC-26

Cored wires processed:
~AA 5754 (AIMg3) with SIC
(26 %vol. particle content)
~AA 2017 (AICU4MgSi) with SiC
(10 %vol. particle content)

<AA 2017 (AICu4MgSi) with Alumina
(17 and 21 %vol. particle content)

~Option: nano-powders in cored wire

[re——
Particle Reinforced Light Metal Composites fHepTs

sice 11
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‘ Deposition of PRM Billets by Arc Wire Spraying

Angle variation in order to avoid shadowing effects and
influences on porosity and microstructure

arc wire torch

billet
rotating table

cooling nozzle ; ]
Different sizes of AA2017(AICU4MGSI) / AlLQ;p/

31p particle reinforced billets

Installation and processing for the deposition of massive spray billets
on a rotating table by thermal spraying with the arc wire technique

R Gadow
SZ Innovations in Metal Matrix Composite Processing e
University of Sttigart procgerret, B8 "

CT-Analysis and Application ‘

Micro computer tomography (1000*1000*1000 pixels)

Cross section at bilet top

courtesy: Frof. D ig. L Kallen, Diplng W.Leis
‘Swinbeis Translr Canira “Gifirel Teohologie Aslen (GTA) Aalen Polytechric, Gemmany.

Purmp body (AA2017/SICe/7p), manufactured by thixocasting:

Thixosastng by . Leis, Sinbeis Transier Gente “Giefiarei Technologie Aslen (GTAJ Asien Polytchnic, Gamany.

wKapT2r

I F KB 52 Innovations in Metal Matrix Composite Processing
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Liquid-State Processes

¢ In Situ composites

* Reinforcements are formed
during the solidification of
the molten metal within the
matrix, e.g., controlled
unidirectional solidification
of eutectic alloys.

* Fineness of distribution of
the reinforcement phase is
controlled by the
solidification rate.

Fig. 6.9 Transverse sections of i sifu composites obtained from a cutectic at different solidifica-
tion rates indicated in lefi-hand top comers (cm/h). The nickel alloy matrix has been etched away
0 reveal the TaC fibers. [From Walter (1952, used with permission]

Composite Materials, 2015, BN, IUT, Iran
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Liquid-State Processes

Table 6.2 Some important
in situ composite systems

System Carbide (vol. %) 7" (°C)
Co-NbC 12 1,365
Co-TicC 16 Add more of!-300
Co-TaC 10 . 1,402
Ni—HfC 15-28 dCSP]‘dCl\’C 1.260
Ni=NbC 1 reactions. 1,330
Ni—TiC 7.5 1,307

*Tg is the eutectic temperature

*XD™/ SHS (self-propagating high-temperature synthesis)
process: An exothermic reaction between two components is used
to produce a third component.

A master alloy with high vol% of reinforcement is produced which
can be mixed and remelted with a base alloy to produce a desirable
amount of particle reinforcement, for example SiC or TiB, in an
aluminum, nickel, or intermetallic matrix.

Composite Materials, 2015, BN, IUT, Iran

Solid-State Processes

Diffusion bonding
» Used to join similar or dissimilar metals

e Stacking in a predetermined order of:
v'Matrix alloy foil and fiber arrays
v'Composite wire
v'Monolayer laminates

* Simultaneous application of pressure and high temperature

— Inter-diffusion of atoms from clean metal surfaces in

contact at elevated temperature

Composite Materials, 2015, BN, IUT, Iran

23



Solid-State Processes
a Step! Step 2 Step 3 Step 4

YVacuum
foil shape desired encapsulate fabrication

Apply aluminum Cut to Lay up

Heat to

Step 6 Step 7 B temperature

Apply pressure Cool, remove
and hold for and clean part
consolidation cycle

Fig. 6.8 (a) Schematic of diffusion bonding process.

(b) Microstructure of SiC fiber/titanium matrix

composite made by diffusion. £ ;
900°C, 105 MPa, 3 h, fiber diameter =142 3

At A W 900°C, 105 MPa, 3 h

5/6/2015

Composite Materials, 2015, BN, IUT, Iran

Solid-State Processes

v The main advantages:
*The ability to process a wide variety of matrix metals

*Control of fiber orientation and volume fraction

X The main disadvantages:
*Processing times of several hours
*High processing temperatures and pressures
*Quite expensive

*Only objects of limited size can be produced

Composite Materials, 2015, BN, IUT, Iran

Solid-State Processes

* Deformation processing of metal/metal composites

v'Less conventional: In-situ composite
=Extrusion, drawing, rolling or ... of a ductile two-phase
material.
=The two phases co-deform — the minor phase elongates
and becomes fibrous within the matrix
=The starting material is usually a billet prepared casting
or powder metallurgy methods.

v'More conventional:
= Roll bonding to produce sheet laminated MMCs

= ARB (accumulative roll bonding)
= CAR (continual annealing and roll-bonding)

Composite Materials, 2015, BN, IUT, Iran
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CAR

ing treatment
—
—

| o s |

| S—
Degreasing & Scrateh brushing

A356/10 vol.% SiC composites
(10 cycles at room temperature)
Fig. 2 Schematic illustration of ARB and CAR processes.

ComEosite Materials‘ 2015‘ BN‘ IUT‘ Iram Jamaati et al., J Mat Eng and Perform 21(7). 2012, 1249-1253.
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Solid-State Processes

* No-77 composite supercond. i

v'Extremely fine Nb-Ti superconducting filaments embedded in
a copper matrix

v'Annealed Nb-Ti rods are inserted into hexagonal-shaped high
purity copper tubes.

v'These rods are loaded into a copper tube, evacuated, sealed,
and extruded.

v'The extruded rod is cold drawn and annealed repeatedly to the
appropriate final size and properties.

&
LY

Cu —— -
]
Nb-Ti Extrusion billet Extrusion + drawing

Fig. 9.5 Fabrication route for Nb—Ti/Cu composite superconductors

Composite Materials, 2015, BN, IUT, Iran

Solid-State Processes

Fig. 9.6 (b) One strand containing
1,060 filaments (Dia. = 50 pm)

Fig. 9.7 SEM of Nb-Ti/Cu superconductor

Composite Materials, 2015, BN, IUT, Iran
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Solid-State Processes

Bronze

Nb
First-stage
extrusion

First-stage

extrusion q
product
A |
t} -
Ta or Nb

rrier .
bargie Extrusion

drawing

Fig. 9.8 Schematic of the bronze method of . )
fabricating Nb;Sn/Cu superconductor Fig. 9.9 (@) An Nb,Sn/Cu

composite superconductor. Each
little dot in the picture is a 4-pm
dia. Nb;Sn filament. (b) SEM of a
Nb/bronze composite before the
heat treatment to form Nb,Sn.

5/6/2015

Composite Materials, 2015, BN, IUT, Iran

Solid-State Processes

* Deposition techniques for MMC fabrication
1- Coating individual fibers in a tow with the matrix material

2- Diffusion bonding to form a consolidated composite plate or
structural shape

*Several deposition techniques are available:
v'Immersion plating
vElectroplating
v'Spray deposition
v'Chemical vapor deposition (CVD)
v'Physical vapor deposition (PVD)

(More information available in the text book.)

Composite Materials, 2015, BN, IUT, Iran
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