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STUDY OF MANUFACTURE OF CF/AI-MMC WITH AID
OF THE GAS PRESSURE INFILTRATION METHOD

Constantly rising demands on extremely stressed ligweight structures, particularly in traffic engineering as well as in
machine building and plant engineering, increasingl require the use of endless fibre-reinforced comgite materials which,
due to their selectively adaptable characteristicprofiles, are clearly superior to conventional monbthic materials. Especially
composites with textile reinforcement offer the higest flexibility for the adaptation of the reinforcing structure with regard to
complex loading conditions. The load-adapted combation of three-dimensional reinforced semi-finishedibre products (tex-
tile preforms) made from carbon fibres (CF) with auminium light metal alloys (Al) offers a consideratte lightweight construc-
tion potential, which up to now has not been expltgd. The textile CF reinforcements embedded in thight metal matrix of-
fers improved properties of these metal matrix compsites (MMC), thus causing better creep resistancespecially at high op-
erating temperatures, and good energy absorption taviour, as well as increased stiffness and strergtin addition, load-
adapted CF/AI-MMC, due to the relatively high stiffness and strength of the metal matrix, allow the imoduction of extremely
high forces, thereby enabling a much better expladttion of the existing lightweight construction potatial of this material in
comparison to other composite materials.

These studies show that the gas pressure infiltrath technique was successfully used to prepare congies consisting of
unidirectional as well as bidirectional Ni-coated arbon fibres in different Al-alloy matrix systems and using of graphite
moulds. Most of these investigations aim at the us# high tensile strength (HTS) fibres despite higheactivity with Al.

Keywords: composites, carbon fibre-reinforced aluminium, iiltration

PROBY WYTWARZANIA CF/AI-MMC ZA POMOCA METODY INFILTRACJI GAZOWEJ

Stale rosmce wymagania w stosunku do ekstremalnie obgionych konstrukgji lekkich, szczegdlnie w zakresienizynierii
ruchu drogowego, a talte w budowie maszyn i urgdzen, w coraz wigkszym stopniu wymagaj stosowania materiatéw kom-
pozytowych wzmocnionych widknami cigtymi, ktére z powodu ich dopasowanych wiciwosci posiadap wyraznie wigksze
mozliwosci od tradycyjnych monolitycznych materiatow. Zwlagzcza kompozyty widkniste oferuy najwieksze maliwosci dos-
tosowania struktury wzmocnienia do zl@gonych warunkéw obchzenia.

Odpowiednio dopasowane paiczenie trojwymiarowo wzmocnionych péffabrykatéw w mstaci preform wykonanych
z wiékien weglowych (CF) z metalami lekkich stopéw aluminium (A) oferuje ogromny potencjat konstrukciji lekkich, ktory do
tej pory nie zostat wykorzystany. Wzmocnienie wglowe w osnowie metali lekkich oferuje lepsze wdaiwosci otrzymanych
materiatdbw kompozytowych (MMC) z lepsa odpornoscia na petzanie, szczegdlnie w wysokich temperaturagiracy, dobra
absorpcja energii, a takie poprawe sztywndci i wytrzymatosci. Ponadto odpowiednio dostosowany do obgienia CF/AI-
MMC, ze wzgledu na stosunkowo dda sztywndsé i wytrzymatosé osnowy metalowej, umaliwia przeniesienie duzych
obcigzen, co pozwala na jeszcze lepsze wykorzystanie isfaieego potencjatu tego materialu w poréwnaniu do inngh
materiatdw kompozytowych.

Przedstawione badania pokazuj, ze metoda infiltracji gazowej (GPI) zostata z powodzniem wykorzystywana do wy-
twarzania kompozytow metalowych wzmocnionych jednoi dwukierunkowo witdknami z powtoka Ni z réznymi stopami Al
z wykorzystaniem form grafitowych. W wigkszdci z tych badai uzyto widkien o wysokiej wytrzymalasci na rozciaganie
(HTS) pomimo duzej reaktywnosci z Al.

Stowa kluczowe: kompozyty, aluminium wzmacniane wtéknami veglowymi, infiltracja gazowa

INTRODUCTION

At present, aluminium alloy matrix composites arsidered in order to increase the strength andess, to
applied in automotive and machine sector and sgfiate improve the electrical and thermal conductivities ¢
sectors such as defence and aerospace, as well aseduce the density. However, manufacture problems,
different segments of other engineering industfids such as poor wettability and damages of carbordibr
As a reinforcement material for aluminium matrixréo have limited industrial application of these maiksri
posites [2], high-modulus (HM) carbon fibres arenco [3, 4]. Potential manufacturing methods for produrct
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of carbon-fibre reinforced aluminium-matrix composificantly lower processing pressure during the trH

tes are high-pressure die casting and squeezegé#sti tion. The solidification takes place with a gassgiee,
large-batch production as well as gas-pressurtirafi so that significantly fewer pores are created duthre
tion method for small-batch production and protatgp infiltration procedure. Additionally, in gas pressu
[5-7]. In particular, squeeze casting and die ogsti infiltration the decisive process parameters, sash
provide good infiltration quality of preforms [8These temperature, pressure and infiltration as well@siog
procedures consist of pushing or pressing the moltéimes can be adjusted selectively, allowing optatits
metal into preheated steel dies with carbon filmsag of the infiltration sequence. Moreover thin-waliedil-

a piston and pressures in the range of 50+150 MReation moulds can be applied, which enable a bette
Despite the good results obtained with these teckas, process control and reduced mould costs.

some difficulties remain related with air inclusson A laboratory GPI unit (Fig. 1), for a process ptess
Moreover, high pressure often leads to fibre danmge of 100 bar at temperatures up to 1200°C was ihitial
an inhomogeneous fibre distribution along the tirgfil  used for the fabrication of CF-Al composites. ThelG
tion direction [9]. Consequently, a relatively lmost unit offers a diameter of 150 mm and a height of
production method for prototypes and test runstoan 400 mm. The GPI unit is connected to computer sys-
developed by using gas pressure to achieve itfiitra tem, which allows the online recording of process p
Different studies show that the gas pressure iiafiin rameters in the heating zone and inside the gmaphit
technique was successfully used to prepare conggosiimould.

consisting of Ni- and Cu-coated chopped carboresibr

as well as unidirectional Ni-coated carbon fibresl a a)_
porous graphite preforms in different Al-alloy natr
systems [10-15]. Most of these investigations dinhe
use of HM fibres due to their lower reactivity wiki
compared to high-tensile-strength (HTS) fibres. Ho-
wever, HM fibres are inappropriate for textile rfein
cement structures became their brittleness arftiests
are disadvantageous for textile processing.

The majority of other scientific activities has hee
performed especially in the context of particle- &
-reinforced MMCs. Within these investigations, part }
larly emphasis was set however to friction and wear
resistance as well as dry sliding and self lubigcabf
adapted composite materials for lightweight applica
tions. Therefore different aluminium matrix alloysn-  b)
forced with ceramic particles such as SiG@lor B,C
were used to improve the hardness, stiffness, gitren
and thermal resistance of the raw alloys [15-2@}aPR
lel to this topic, the activities of other reseanshim-
prove material properties e.g. tensile and comjess
strength, stiffness, vibration damping, fatigudstsice
or coefficient of thermal expansion [20-25]. Thedn
stigators see advantages of discontinuously reiatbr
MMCs in easier fabrication routes, lower costs and
nearly isotropic properties compared to endlesfib Fig. 1. Gas pressure infiltration unit at ILK @)d graphite mould (b)
reinforced MMCs [22]. However the rate of increase Rys. 1. Stanowisko (autoklaw) wykorzystywane déiltracji gazowej

. . . . . (a) i forma grafitowa (b)
mechanical properties is strongly limited for padi
reinforced MMCs; a higher potential is expected by
endless-fibre-reinforced MMC on the basis of HTS For the manufacture of specimens, precision moulds
carbon fibres as soon as technological obstacles &nade of graphite were developed, which are characte
overcome. ized by following advantages:
- chemically inert and non-wettable regarding to the
most metal melts

GAS PRESSURE INFILTRATION EQUIPMENT, - high thermal resistance for cast applications

AUTOCLAV AND GRAPHITE MOULDS - zlugrr;r;tgzgmal cycle resistance regarding to long en-
The manufacture of CF/AI-MMC specimens is real- high thermal conduction regarding to fast heating

ised with the aid of gas pressure infiltration teicle at and cooling rates

the ILK. General advantage of the GPI technique i low thermal expansion coefficient to reduce thermal

contrast to die casting and squeeze casting isigme- stresses.
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The designed mould systems consist of an inna)
(Fig. 2) and an outer mould (Fig. 3) for the mactifee
of planar specimens with a length of 150 mm, alwidt
of 65 mm and a thickness of 0.5 to 2 mm.

Fig. 4. Ni-coated fibres yarn (a), in-house mantufeed woven BD-
preform (HTS-BD) (b) and wound UD-preform (c)

Rys. 4. Widkna wglowe pokryte Ni (a), wykonana preforma BD (b)
oraz nawingta preforma UD (c)

On the other hand, commercial fibres HTA 40 E13
6K by Toho Tenax were used for infiltration studas
: wound preforms and on fabrics. The fabrics areezbat
Fig. 2. Graphite inner mould for manufacture ofgl@pecimens with Ni (P) by an electroless plating process (@ap
Rys. 2. Model wewetrznej formy grafitowej tion with Warsaw University of Technology). The toa
ing is deposited as a result of the controlled cédn of
metal salt in solution, which is catalyzed by thepads-
ited metal (Fig. 5). Thereby, the bath compositidth
different reducing agents enables to vary the ngati
structure from amorphous to nanostructured. After
deposition, the thickness of the coating amounteds.
2.5 um.

T
pH

ME & BP0+ ZH.O e M4 THPO, + H, = TH
HPO- + O — BP0y + H,
B PO W P PG D

Fig. 5. Electroless Ni (P)-deposition of wovenrfap (HTA-BD) made
by Politechnika Warszawska

Rys. 5. Pokrywanie Ni (P) preformy z widkierglowych

Fig. 3. Graphite outer mould for manufacture ofr@ specimens
Rys. 3. Model zewgtrznej formy grafitowej
In the frame of investigations, an unmodified
AISi9Cu3(Fe) aluminium alloy as well as modified
COMPONENTS FOR GPI MANUFACTURE AISi9Cu3(Fe), aluminium alloys were used in the
PROCESS manufacture processes. The modified AISi9Cu3(Fe)
alloy, were prepared and modified together witle-Sil
For the manufacture of CF/AI-MMCs, two types ofsian University of Technology and for the modifioat
CF reinforcements are selected. On the one hama,, coof the selected alloy (226D), magnesium and stuomti
mercial fibres of the type HTS40 A23 12K MC byadditions in the amount of 0.03% Sr and 1% Mg
Toho Tenax, which exhibit an electrochemical Ni{226D M) respectively were used.

coating with a thickness of 0.25 um are used feritia First infiltration studies confirmed that aluminium
house manufacture of wound unidirectional (UD) prealloys with a low liquidus temperature are predesti
forms and bidirectional (BD) fabric preforms (Fib. for manufacture of carbon reinforced aluminium rxatr
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composites, because higher process temperature eneters. In the course of these efforts, compaositie-
versely affects the mechanical properties of carbaial properties were varied with respect to theapae-
fibres. ters: heating temperature of outer and inner mould,
casting temperature of the aluminium alloy andltirafi
tion pressure.
GAS PRESSUER INFILTRATION PROCESS The adaptation of the GPI-process parameters takes
into consideration the results of thermal analysfethe
_The successiul manufacture of CF/A"MMC. r®used aluminium alloy. The infiltration of commeilcia
quires exact adaptafuons of the process prepara_ndn Ni-coated fibres (HTS40 A23 12K MC) requires an
;gfcgrrﬁgﬁ?%rg:epggiﬂe' g:dpiﬁg?ntgggqﬁ;y;}@;; additional isothermal fibre treatment (“Pre-Protens
allo diﬁér(elnt ste slo? [0CESS yrpe aration :;ees- Fig. 7) in order to remove the polymer standarihgiz
sar))//’ The proceleJ)raI pﬁnciple cﬁ‘ tﬁe GPl-process IIE)r an improved fibre wettability with aluminium the
: : . . ypical temperature-time-pressure-cycles of the GPI
generally characterised in four steps (Fig. 6). process dependent on the different reinforcemem¢-ma

(1) ?) 3) rials are presented in Figure 8.

a) 300 - w
. HTE-UD-COas0 M

BE™ aL /o :
E ;_. L] III \‘l‘.—-"l M ) :
Fig. 6. Procedural principle of the gas pressufitriation (GPI) tech- I-' b 1%
o b

nique L | 1 1 i
Rys. 6. Kroki podstawowe infiltracji gazowej

In the first process step (1), the fibre preforime t
moulds and the Al-alloy are heated up to a tempegat b) = . ——
exceeding the liquidus temperature of the modifidd " .
alloy in vacuum condition (2). After exceeding the

liquidus temperature and after initial preform lin&- g | { ® 3
tion, a high argon gas pressure is applied to m&am E% % SR 1 -
the porosity (3). In the last step, the GPI chamber * ! ¥, s [ H
cooled down by ventilation with cooled protectivasg %'; - _I,-' 1 . B
(e.g. argon). The characteristics of the procesgist i - koo -
tered by the GPI-unit equipment, are shown in FEgur xm IJ | - et |
foaa 1 (R ! 8 -0
Eel 0RDD o B0k - i ko 0 B il o i
; [= Prowu=s. Tirns
§ bl [ e Fig. 8. Temperature-time-pressure-cycle of GPIcess for different
g e reinforcement materials
3 e = Rys. 8. Wykres temperatury do czasu oragnienia - proces GPI
I 2 w zaleznosci od materiatu wzmocnienia
I:_'; Fl f...- o lh\. Ty 4 E
g ! st Hurardin i 3
- b e RESULTS
a i TP _ In the first phase the suitable adaptation of msce
e A S e parameters at the beginning of the infiltration qess
R L - i R i i e . . . .
i . e ¥ (isothermal fibre treatment) as well as meltinggtiand
s e

temperatures for different aluminium alloys hasrbee
proven by good infiltration results (Fig. 9).
During multiple infiltration tests with the aid difie
existing equipment at ILK, disadvantages of theduse
The extraordinarily great bandwidth of variablenrei GPI-unit became obvious, which directly affect the
forcement materials and aluminium matrices in thgechanical properties of manufactured planar speci-
manufacture of carbon fibre reinforced aluminium bynhens:
means of gas pressure infiltration methods requiresong duration of the process preparation
a systematic approach for the selection of optip#l - long duration of the infiltration process

Fig. 7. Temperature-time-pressure-cycle of GPI @ssc
Rys. 7. Wykres temperatury do czasu oramienia - procesu GPI
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- combined heating of preform and alloy

- cooling of the MMC via the autoclave, thus low cool 1

ing rates
- limited control of the process,
and will be solved in the next phase of the researc

Fig. 9. Planar CF/AI-MMC specimens manufactureal @PI: a) HTS-
BD-CC/226D_M; b) HTS-UD-CC/226D_M

Rys. 9. Prébki ptaskie CF/AI-MMC wykonane w preieeGPI: a) HTS-
BD-CC/226D_M; b) HTS-UD-CC/226D_M
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