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F rocessing of Advanced Ceramc & Composite Materials

Xi ren Fu.

Shan_rjha-l Tnshie of Ceramucs, Acaclemia Sinica, Shanghas, Chin

Main Frocesé.ng Steps of Ceramic Materials:
) Fowder Freparation

Fowdler synthesis, pulverisation, granulofion, surface treatm
2) F&ming

Dry pressing, Isostatic pressing, Slip casting , Extrusion,
Injed-‘on mo'd"”'j , Doctor b/a.c[,nj efc.

v Sf'n‘}erf'ng
Fessureless sintering , Hot pressing . Hot isostatic sinfering
Reaction ponclecl sinfering, Microwave sn'm‘ermj;
Self ~ combustion smt‘ermg efc.
‘i’) Mmhfm‘nﬁ
Cc(.‘”:njl Grfrnb‘tfﬂﬂ J Fol, 5}1;)‘3? efc.
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D Fowdler Freparation :

Th order to fabricale }uyh-Fechrmance. cermmics, the firsh imporfant
ng is to et an ultrafine }u‘jh— P“"'b’ ceramiC poweler, Tn most cases,

these POW‘dcr’S are Cc'mmercml/)/ available, but in Some Sfecf‘a./ (ctSes,

e have o s)m.ﬂles;ze it in yeur Jab. IF #he powder i rot fine enough

further pulverization i3 Needed by ditferent methods Such S

abrition mi”inﬂ, jet m:’a’lmﬂ , bedl milling efc.
For ,-aowdzrs used fo o(r)/ fressi‘fy and isostetic pressifg

lotion of /ﬂawder PN/iC/ej /5 e,a'adﬁ/ meeded . Granwlation is

91’:101»(,(,

performecl by Sfrcy Dr)unj.( Fig. 1) After sprey drying the powder
Par%iwls durn to sperited ay_g/omem/es of uniform sizes, they are

- easy 1p move and 4o Fuitfil 1he cm’fj of the mold. For oxide pouder
ot civ is usecl, fuf for nen-otide poiiders, irev# gus showlel be used

in order to avoid oxidation.

szMfC Powder
1—

Binder 4 Solvent
+

Surfoce ackiv reagent
J

Mixim‘j il

ball mills

After sprovy drying, sperical granules with high Fludi

Fig. 1

Sfutrr/v pumped_to

Ah?mi,j,er

Process Flow charf for spray f:f.rj,‘,w:?

_q__.

T‘—L T Hﬂmfnldu /r ,i\ /\\ H()’f’ iy or Nl
=T —| ored |l
Lo =T 9’:”“”&3 | == = — l——voned_?fanufeg
S?r‘aj ijer Sforay Dryer
¢ e AU U/A—m,

:"/ are vitfoine:



2) Form ng:

* Automat.c o(r)/ pressing:
Ceramic powdler i automati cally fecl info a tool cav///v anel compac el
trom two oppasite clirections info a closely foleranced “green”compact
thed is Subfefuehf)// sinferecl . T)Le method is well suitecd for, but nof limited
to, high volume production. frocess is fimitecl fo relafively simple - bef
net shape - parts. A f)lpfc‘a/ example t mechanica | face seals.

* Isostatic pressing (wet bag):

Fowder is uniformly pressect from all divechons o form a bille?:

The bitlet is machined +o near-final configurafion and then sinfered.

Focess can be used for Pro-fm‘);pe f)a/-/FS L, itis economical for smalf

C]uarr/;f,'cs of components. Canalso be wsecl for /arge Parﬁ- 7éo/urzj cos:

is fow. 7/—\/;7;(0»/ example ;. poper-making parts. (Fg.2)
» Tsostatic pressingy fc{ny bay):
Process hos medium o hi Gh Froduc-ﬁ on ca}aab.'/,'fj. No /90;;*’ -formmj

-So-

Tsostat ¢ Press Container

Binclers (PVA)

Ceramic Powder
1-

High pressure
Piow p Oil or Water

Bi“&f' Obt ‘nCCL
» “ (The whole molkis immersecd in /u?a.fd med.q)

Fig.2.  Tsostatic ?rcssmg ~ Wet Baﬁ

Isostetic Fn’.ﬂ{nj Confoiner
[—— Moyable cover
Rubber wall

Rbber molel

Leramic poweler
with. b, ader

5fCEJ Confcqney

Hi? h  Pressure

Pw'm’l)
(The 0if js fum,oeci to the au/;‘/} befween ru
wiad| ond sfel| contoiner.)

Fr’j-S Isastotic Fressmj - Dr] Buﬂ
-.6 -



ITLachim'rtﬂ is rec]ujfec(- Toolmjy cost is mecium 1o hugh, oncl process i$
Limited to simple. symmetr: cal net shapes. Typicul example: franslucent
oluming fubes for high-pressure socliam larmps (Fig-3):
. Slip Ca.slmj,

A porows meolcl (made of ﬂasfer or polymer) is Fllec with a liguid

Ceramic shi p- With fime, woler from fhe slip 1S absorbedd b} the mold,

Cousing solidifrcation of the ceramic. At a Prec(efermned time, the shill-

Flu,d cenfer of the casﬁ'nj is clrainecl, Jeaving 1he green boch- Tn
anothey cose, the s/ffa is remained. in the molel fo form a solcl green

cenferof The
part. Fressure can be apphecl 1o moxe the]green l:ocﬁv denser. If is

suitable for both simple and complex Shepe Par/‘:. 7}/9,1'5:/ eXaMf’/ej:

closed -encl tubes, raclial rotor for ycas'ﬁrbr'nes.CFr_qﬁ)

« Extrusion
P’cus'“Ci}ecl ceram C Pow'oler’ /5 comfadecl b)/ foc:tﬁ F MmajA a

dic. The conlinuous, high volume process ;s p‘//oa'cw}y wsed fo

-?___

Parous Matd
« Plaster

Thin wal]

Fg.4 S

Ceramic powcler
.f-

Flastisizer

et

: Pal)«mer

! p s Fi ‘ﬁ

"y

Salid. bad}

Die

Tobe formed-

£ TN

AN 7

Ex’rmdxr

EK‘{TUuSi'Oﬂ



Practuce Ionj rods and tubes. Limitation: SAa/)e formecd must have

1
Constant cross section. 7)?, cal examples: heat exchanﬂer fubes, /wne/vwmA
Ceramic. Pawder
Cafa/y,# substrates{ Fig.s) Polyf .
T p Heaa’ i*"ﬁ e/emeads
¢ Injechon. molcimg; Plugkisizer //
A heatecl ceramic poster (ceramic poweler + plastics t plastisizer-efe.) - 2
is forcecl into co steel molcl. Lavge numbers of parts of complex ) e
k L—»je'r;ﬂuw m)fduj machine
Shape can be protucec. of orelatively [ow cost per peut. 7"0/"’_7 cost
Precombustion chonber efe, i
——— .
i5 hij/l : Dp;’(a/ eXamples : h&rbﬂc—fwcrjer rotors|{Fig- €J
Ceramic Powder
+ B'es:u.r.zegl iy
Wox or Faraffipn
| (heated to Formapaster) Die

Fny (L ijufiow Molcl;nj.
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Sinfering o
) m} I’mj %) Maf,l'binmg:
' H ; - ) Wi r ; f y

ot pressng Process combines unioxial pressing and s ﬂfe”i? A KC)I foctor in the boHom line of protssing wil] be the amotnt of

+¢
o +o Flat jf,‘ncl ; ng ) r’eﬂiw'fed- The infrinsic harines

ino Sanj]e s}er. Part 3e0mefr:es areyenemfy lmite Pos}-ﬁomirg muchjainﬁ ff)/ff'mf;v
P Meé or Simple-shape parts anct p rodduction vates are low, bt ot i makes them difficult and costly 4o mathune = rmond Fodls
quality is high. In Some coses, 3 wch a;s zf:ﬂi/?z;idiyﬁf:““ are o must. And grincing also can infroduce Surface Hows thet may
pressing can be used totalyicote this CWW'.S precipitate premoture Component failure. So o relatively expensive
an effective method for moking billets larger than those possible process may L out to be the. most econamical choice i F i# produces
via ord_;nar/ press cenol Sinfer processes. parfs lo net or neor-net sha,ae.
» [Hot isostatic pressing — Combines Smf&h«'ry with isosfatic

pressing and. wses inerf gases as the pressing medium. HIPel

parts are expensive but of high quarity. The process opfimizes

mechanical properfies.

* Pressureless S;'n;’uﬁ'nj - an*&l’iry at amblent a;lma_s/o/xere,.

-1~ ,
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Conventronad Alumina Ceramics Alumina ceramics substrates for IC packeges

Al.Oy Powcler
+ B’Ehdlnj S,:»ra.)/ AJ?'Oj PDUUCLBI’
Sinfermj cuicls or C[Y)”"ﬂ 1 _ .
1 MU(. l‘\rﬁ Blf;.cter_s M"Xl‘i"-j th Slurj; Do('.h)r b}adlﬂf
Binders 4 Solvents -~ Ball Mills J
Orgam‘c Solyent _
S!urr) SoHt mmul Granales (toluene) j
Dry pressing ' Thin fape
S{'IF r,ash‘nj Isug}a,f{c Prejsm_?
trusio b ldi —
Extrusion Ierh n monlding DeWax.‘n9 furnace | Small
(DQ-NME*‘?) preces Func*uhn‘c]
Sinfen' ng Jrempemkure: \ Green body /
_ o o ah+ in
1500~ 700" Pressureless s;nh;n‘»y ;nS Jmir,\e 'Furnace’
Hot pressing
Siﬂh’,nnj L‘LmethB!’ei _ ‘
| , Hot isostatic pressing el l:laS'/'fng
iy '
Mucha‘mr'n?, _;[w \ .
LGV,,\GL,,\?} Pd/ijﬁz'ﬂj) fing Uf,"l'rllfhmlnj
Tyf;mi process flow chart for manufacture of oxicle ceramics L Substrates ’

13- -{ -
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Fanslucent Alumine Ceramics Silicon nitride Ceramit §
) USinj an ulfrafine and high- Pun'%] alumina. poweler — Route 1 Using Si Fowder as Starhing Meferial:
Aluminum adum derived. 1) Foszirﬂ the 5i powdler info compacts (w.th aclditives)
Al (S04); - (NH4):50, -&H:O caleined at 1150°~ 300" 2) »(;+r.~ctkn3 the Si powcler compacts fo get RBSN
2) Isostatic pressing (dry bag, a_u%omhca//y). 35 + aN. — SisNe ~1ESO°C , fO~90hrS

3) Additives such as MO, Las0; d Yily must be addec inorder (RBSN - Reaction Bonded Silicon Nitricle Ceramics)

o inhibit the grain jrowz%. rate and aveidl the S"eCOn(day 3) Usmg RBSN us precursor to process hi 3}; perfermance S, 3N3 ceramics

(exajjerou‘ect) 9,-“,,‘,1 ﬁrow‘i‘h,, RBSN + Pos+~5m+erm3 ( Pressureless Smfermj)
4 Sinfered in votuwm or Hi atmosphere (i is better). RBSN t Hot - pressing
5. The microstructure of the translucent alumina ceramics shows RBSN t Gas pressure Smfen-nﬁ

o vefj small amout of +"7 pores, while the covenfional alumina /’\dvanh‘ges:
Ceromics are full of smaij pores fv Scatfer the jnciclent light- 1) Si powder is much cheaper than SiNg powder.

2) Shn'nkaﬁe of the maferial d.ur.‘-‘ﬁ sinter) ng is fow.

/ )J\ %,%;E;E,)D 3) Near - net- shope fofmmj is possible.
CONVEW*WU;‘L(;:;-'{A? i Cerounecs Teslucent Alumine: Ceramic
wmirit (erondics 4) Minimum amount of final machining s Possib/e,.

S - - /6~



~15-

Silicon nobride ceramics

Route I Uﬁ:‘nj Siang Powder ws s-far/,rzj muferice/s:

YA powder with cifferent add #ves i3 formed info Compocts /,»),
clifferent methocls.

2) The SinNg Compacts are ctens,ﬁecuy
* Tressufefess Smfermj

Smfen'r? %emfﬂefafare:
* Hot pressing

17850~ i8bo'c
* Gas pressure smfemg

Afmosp/tere : Nz
- ot isostad ¢ pressing
Advcmfagej :
D Much shorter s.n}en'nj time .
2 Lo to contrel the phose cempositior,
3 High pecformance matenals can be chtained.,

Droawback:

The Shrmmya i5 high, usally inthe range of 12-18%,

17 -

Ceram;c fiber reinforcect infermetall,c matrix Compos;}es

S:‘C ;rber / T.'}PH + Nb COmPosJe
[/

Tntematal! faw:&cb Z@\
P Y e

(BT

Route T Sandw, ching process

Y Fra]?armj the precdloyect TisAl + Nb powcler.

2) Tispl+Nb powcler is mixed with Teflon powder ancl Stoddard. solut
(o solyent ), then +he mixture is heated ancl rollec info a “powdler ¢

3 Mats of Si€ fibers are sandwichecl between intermetallic po
cloth (foils).

4) Teflon and solvent are clriven put by mild heating

5) Finally, the entire Jayup is dliffusion bonclecl in @ vacuum
press or consoliclatecl by hot isostatic pressing.

— Tensfe ]Jroperz‘fcs of 40 vol 7. 5:C/ T3 Al +Nb exceec those

both wrought ancl Single crystal supera/loys(Fg-6).

g -
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CUo.m.‘c -F,'ber veinforced. (nfer mefallic matriy COMPoS.'feS
SiC fiber / TisAl + Nb Compasite

Sirengihiweight tmio

Route I Arc spray process

40 oIS SICTLAl + Nb

'_) MO—‘}YI'X ma{erial s fed eraugh an e,/eofr,'c. arc 9(,(.;4,. 08f—J  single crysuad spenaitoy

04

2) Matrix material is melted aned Sfrayed ot high velocity onto a

A B Tk AR
N el ; J.’..*-::Z‘;\*’g

T

Witught superslioys

{ I \ Photomicrograph of SiCITi, AL+ Nb composite shuws O on
w00 = oo ;r::cn of SiC filkey in hwo-phase abwwminide mabix. Ceramic
o 2 - o way produced by chevical vapor depoition wnto gradhin
' ‘ _ ' (205) #30) 08 e e cren o f ey hor dleP il
yotat: ng ¢ yl inclrical drim w rapp ecl with S5:C Fiper. Temperature. *F 'C) et of s LB Coaph o ol

3) Affer Spraying. the clense, coafecd fiber material (monofapelis Fig. 6

removed. from the clyvum, cut info the desired s/uafe ancl i

canstrophic Ultimate
4 fmmi:e /alnngth
00 Graceful
faiture

“foard up "in the re7mrecl orientation.

Uty

[

4) This Composite preform is then hot s.Sosi'cdfca!y pressect or

Benrl stness, Mt

=
=3

hot pressect 4o near net Sﬁape.

P e . P
4T Fits fg UrE
e ge:s EES GRE §5S
Matrix mah ol P SRS L -
LEP MEYIC‘-' Yxe Ego g_tégz Eoc
23 £a 3 S
l ——— & 2z a $
——t—
— —_
D{ \nlraf ‘d Sifran carbide fhors sheengihers and Joughen venctivn bowded alicon nitvide
i d l’:,'rln j y heharrior th
. I—— — Cantinotis, srnfl divuneter fbers impart stress-shane behavior that mimes thiet of o
mel fid M!’.Va ol N with 5, ¢ df' ber wetol, with fuedomnion crackeng - w corresponrdang to vield strev, and e frtun
. P — —— convusponding o wltiwete e tor, . strougth Faddire mude chasges from hstil
Z!echlc are 3“‘"’ cattia i practure o “gase el nesstastophee frostive e cechm o
—

—— 7- Fj 7

-9 -

- D L



Ceramic Whisker or Fiber Reintorcec Ceramic Matrin Composifes

S$iC fiber I 5:C matnx cemposite:

Route I

D To prpare. O, woven Preform of S.C fibers.

) To densify the preform via. CVI by using agaseous SiC
precursor such as CHy=5i—Cly and H-.

3 CVI differs from CVD, it favours in-clepth deposition
rather than surface coating.

Route IL

V- 5iC fibers ore impregnatecl with polycarbosilane fo produce
o laminate which is moulclecl info clesirec( shape.

2) The laminate is then Sinfered af §o0-1200°C to produce the

{;m’s/wc( Ceromi( - CeramiC Comjposife X

-2t -

CE‘YO-m{C whuisker oy fiker reinforcecd ceramic matrix Ccvnpos;‘fe‘s
5iC whisker / Sisvg matrix compos;fes :

SNy fowd;er t 307 S.C whiskers, mued, J‘nj'ech'an mouf el
and, Sinferec or kot isostetic pressecl.

Mast oF the ceriumic whisker or Fiber yeinforcecl ceramic
matrix composites can be processec. by 1S route.

Core must bedoken 4o treat SiC whisxers, it is /;ﬂ/qf awel sme
Some reports informed. that 5/C whiskerS can Ccuse€ cancet,
A meeds farther work fo idénti 9

The critical problem i5 how to clisperse the whisxer unifc-mi

in the motrix bac)/-

22~
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C 'Ff'ber veinforcedd RBSN C‘omposi}e.s

Two - dimensional ¢/c CQmposi-y‘e mederiols

Frepar.'nj Si and SIC mona%apes: .
Ma;n}), usecl for nose cap gnel lea,dinj' eclge of Wings of the

Y powder t Binder t Solvenf%‘?"“t:{l" Si powder monotape
Space Shuttle.

» SC fiber morw*af?e (woven mats)
) Graphite cloth (square - weave ), Pre‘impreﬁmafed with

) Inderleave S; wnd SiC mono%apes }o form

the S.C/S, I‘)refoym, “ ””7 '
|2z 150°C for §h.

mfwm—/dslc Phewl-'c resin, iS laid in amold and cuvecl in an awfeclave 7o

) The preform is then mifo“) hot - pressect
2) The. curec, part 15 rovgh-1rimmect, then f/acec( in o graphife

to burn out the binder ancl Frov.’de some green sfrengih.
Yeshaind fixture ancl locdecl into o furnace where ifunderyocs

) Nitriding the preform fo convert the Si fo SisMe, lhen the
a SP—Vcn—o(ay, 260°C Cjc/e- Then the parf i$ f/ro&zed, dr:-vm?

SiC fiber /RBSN composites are processect.
off gases and moisture as the phenolic resin coverts fo grephife.

The cUm_Pos.‘fe contains high e vels of porosity,, but ifs vlfimate
The f’yfdf)/sd c]c,/e fakres 7o h of §/5°C.

strength is high( Fig- 7).
3) The ralgtive I); soff Composife is then jm)vrejnafec( with furfuryl

23 vol % S.C/RBSN > ¢oo MPa
alcohol resin and f)zmlfzec{ three more times (3/5°C, Joh) exch
49 vof /o SiCIRBSN > goo MPe

fime Increasing the c!‘.ens;y ,5-}rcr§ th, ancl moclulas.

This mater.al |5 capuble of s%renme retention for upto joch ot [fooC.
4) A puwder mix (jo4 A0y, 307 S encl 60% 5. CJis Po.cKec(

23 -~
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Qround the component in o graphite refort und Joadecl int a
VeL um furnece, then fired ot 1.650°C. D(J—hnﬂ the high femperature
diffusion coahny, the pufer /a)/ers of the C/c substrale are Converted
10 S, C. The SiC cuah‘MJ pmf‘ecfs c/c from oxf'dijmﬁ-

5) The component is then im/?réﬂmkc( with fefraethy| orthesilicate
(TEOS). Affer 5 TEOS impregrations, the peatis carecl at 315°C,
/eaw'nﬁ a 5,05 in atl the mjcrocracks andl surfoces, enhancing

oxitlation resistonce.

Tes -

Two - dimens.onal C/C Campc's:‘."' e

Grfaﬂufe ofsth / {__Oy N u,,‘:
phena.c. andd [ Pyrof)rs.s
prefreqratin Lure
/
Resin |
impreg nution
Sw,fn’g CJW}I"'_q A'F‘fef 3 imforgﬁm{-io,ﬁbs

chess flow chart for 2-2 C/c c.omfos,'fe_;

26 -
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Thyee -cdimensional C/C Composife maferials

3-D ¢c comfoosi%es are used fo fabricate rocxef ;wzz/e;,
nose cap for ICBM, et engine afterburner and critical parfs
for hypersonic oerospace plane efc.

Reinforce ment in three d?re ctions Pprofects the compesite frome
inferlaminafe shear. 3-D weaves also have more. isofropic properties
such as strength, stiffness, ancl coeffcient of therma/ expansion.

Iha 3-D cylindrical weave, the fibers are orientect in Hhree
princi ple directions: radicd, axic ancl circumferential. The radial
anc( circumferentin | fibers are woven sf'ma/#aneausjv. Then the
axic] fibers are located fo complele the preform . The radial
fibers loe the circumferential anol oxicl fibers inplace,
preventing the layers from delominating

The matrix moterial /S added o the woven Pre;%rm ancl

Py‘rolfjeo(. The matrix can be Sup/a/,‘ec( b)/ either .r'm/?reﬂna-hnﬁ

_2_?_-

the preform with resin or cleposifing a chemiza! vapor.

With chemical vapor infildration (CVT), the matria is built uj
h:c)/er b); la)rer‘. The comfos:'}e formecl b)/ CVI must be P/lro/f'jeo{
severa] Fimes. CVI is most suitable for 4hinner parts ancl 3-D
woven Structures. CVI can lfi/l the small holes and pores between
the fibers. However, CVI takes much longer fime {0 builcl- up
the matrix than resin- impregnafecl ¢/c. (VI olso has  greate
fendency fo microcrack. /e parts can be formecl by a

Combinafion res.n n‘mffegmﬁon, ancl CVT.

-2?—-



3-0 waven preform
of C Ffibers

RtSi n

T m.f Y€9 naton

Chemical Vaopor

I»L{':HVD—*EO"L

?ﬂ)t:ess ‘”ovd (,,'\.c»A‘ 'lccr 3-D C/C CCm[JOSfIie mufEVICt/S

P)frol)!SiS

/-\S)ﬂmbl)/

-29-
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S10, fiber veintorcect $.0s mutrix COm,DuSife materials

= , =
== >0 sfu.rr) 3-D fd’u-nd.inj
3,0 fivers .
Mcu:h,mihj S.nhr-nj D-Yy.‘nj - I_._.__.__
Ho’r’fressed c/c wm,:’os,-' tes:
Chor powder Ble '»ch'hj Hot pressing
¥ or h in
Ck'?f"d‘rc Fibers o Hot 1s05taly Mochin: j
Dinder ,,_Tum'H'ng Pfes;mj
/'\c[.vawiwje;:

{. Short processing time

2. low production cost

-30 -
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eferences

NO'}C:

The cwdher hus not cervied wifh himsel a”ﬂ refereice booc

Rf‘ Clﬁm’ A A//jejro ,

" Cuamic, APﬂiCchn anc( D*’—.ﬂ?n ~,

Ceramic Industry Fob. 1558 52 ~518 onthe processing of ceramic materials, and these books are not auiludie
? ' ’ .

2. " NASA Probes Ceramics for the 21st (en;a,y'/ in fhe i bbcry of ICTP. So okl the ilustrations cvawecd here  are just

Ceramic Industry, Apr 1988, 77 -80. by memory. Fleose clon't wse these figures o feach sludeuts. You

3 ‘Pau" R. BECk'ef, an %MC{- 90‘0!:( :'Hu,sfm%ian,s in the poox ) Mocéern CEVMiCj Erﬂin,geﬁo}jf

"Leadmj ~chge Strecturaf Material 5)'/5fem of 1he Space S/mﬁ'/e/' "d‘.ff"uy D\ Richerson , 1982
Ao Covam. Soc Buil, éoL11) 12/0-12i% (1981).
4 Allen T Klein,
" Corbon / Carbon  Composites
Acdvanceol Meterials d Frocesses inc. Motal] ﬁ'ugres s, [11]  6£-68,
(1986).

5 "S,C-S.C Comfus-*es"

Advapced Cerzmics Reports, 5031 73,4988,
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