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Dais paper preaeats aa oweniev of the rusonlDga Mhtnd 

llev &terials develo,..ats. exposes the t>ruiliaa national policy on 

llev Materials _.lyslng the sector:lal panor- oa: 

9Bev Metal Alloys 

eca.post.tes 

Ia eada of theM secbr•• the role pla,ed 'l>7 local hduatriea • 

research centers and maiwrsitles u producers. a+D developers and education 

conductors are descrlhed. 

qulity anuraace.plloc phat ad iallustdal pn9Dtlea mits. I"9tlf lcat

f.oa of iwdiaite a+D opporbndtia ar«(#.., ,.. • 

.. trices of die fi9neillg ..,ecbtiw of t1le re•euda acti.at:ies. 

trams.,. ...i edueatt.a.p1-llla _. ..... ~ shllea are praatel.t.J 

rs..11, ...... 1 a.trai11ts ,_ tM - of ........... ta 

'lblrd Vorld eontrta •• •SacusHd • 
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~ O. latroduct~" 

teclmology ~ t.een produd.Dg ..,_tal alloya.fiDe cenmcs prodDcts. 

eag:lneering pol,.ers. as well as hprid •terial camposites that are 

replacing the more traditiOMl -tal products at a remarbl»le rate. 
--·~-- -·----~-----· 

Bew llaterials can l»e 'Yieved a ...,.tances.or c-.:IMtiaD of these. 

knovn or developed froa the :lacorporat:lc&of first principles to the 

preparatiall. fal»ricatiall ad •tilhat:lon of aev or old applicatiaDs • 
bovner alva7s premtiag ..., criteria in their hild-up • 1bere is 

aa :Implicit or explicit utiliat:loD of inaoatiw project ..... facture 

aacl utilizatioD reasonings towards .-uiy ...S relialtilitJ of use • 

Figure 1 shows a c_,.rison between the production of rav steel 111 

sintetic polymer and non-ferrous •tals in the United States; from 1955 

to 1980. and may be utilized to drav attention for the rate of industrial 

efforts !laked to tllese •terials • 
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Rev •terlala •nelopMGt eff orte are prmarilJ tailorel to : 

A) p~te 11Ubat1tut1on tOIM'nla a 11Dre rt.gorwa specuicai:i.Dn 

•ter1ala applicatloa.· 

B) p~te wbstitution of wlnerable or critical ores or -tala • 

• 
• 
• 

mt E: Tf .-.c1t11t111gl1 - •~eel 

I ....,.,. • 
vei~t • 

• , 
• fl'' , ~ 

_____ __.,....-<.::_ ~itea _... .... ... . ,. .. 
Flfure 2.- Structural !18terlals la llilitary Aircrafts 

~rce: Materials and Societ7,wl.l,ao2, 1984 

Figures 1 m 2 illustrate the aubs~:1tutioll of •terlals tut occa'Zft4 

iD • abort time span • 
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Aa for ~tiDg _..tltutlaa tCN&na a •re atdngeat •terlal 

apeclf lcatton,eitber for a ....i or old applicatl•,aneral reaearcb and 

induatrial f acillties are engaged all ower the •rld la •rbt aearchiag 

and openiDg of opportuaitiea related to the ldgla tedmolOIJ fielda.sucb 

as aeronautics.iaforatics,a:lcro-electranics, etc ••• 

As for pro.otlng substitutloD of ~ner .. le or critical ores attd/or 

metals, gowenment efforts of the industrialhel cauatries are etnlsaglng 

to cbaage the profile of •ependa•illtJ of tbe cea~ral econames f rtm tr•

itional sources of supply. 

In .. th cases the anderdeftloped econumes do teDd to suffer. la the 

first case due to the fact that either it lau to rely its tanstrial ltasia 

on .so considered. "second hand" •terials or to import process or product 

teclmolOIJ to •tch with such .., dnel.,_.t -since its a+D iaf rastructure 

ill the .. terials area lags far beb:lllid that of tbe iaidustriali&e41 couatries-. 

In the second case, the situation is suc:b tbat,ftry of ten. a •tal or ore 

that is being substitute is a good esport ltm of a tanstriall~lng couatry. 
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•ace the proti.l.- that face tile developing countries to at least partiallr 

•tch suda a situatioa are not of a trivia nature: they haw to secure a posltioa 

that ls vital to their balance of·pa,.nt in foretan currency. fraa the exportlaa 

c-4ltles. aad. also to prepare t'--ehes to deal vlth the introduction of 

nev .. terlals la their °"" domestic ecoaoaies. 

thus. such nev .. terlals deftl..-nts. viewed as an ._uoratioa of the 

rav .. terials crises of the industrialized countries ... , cause a deepealag 

econo.ical crises for the third ..orld. 

l. llev llaterials in Brasil 

It is clear t ... t such third ..orld c8'18tries that iatead to aaintaia or even 

i..,r-. a given posit.lea of c...,etlti .. ia the ..orld .. rket must closely follow 

whatever is happening la relatinslaip to tlae novel .. terials basis that is under 

vay arouad the i.-.trlalizetl 11Ddd. 

'llaose aav..cetl tlaird 110rld CCMllltries that posses a reaseaa•le sophisticated 

industrial infrastructure have already aa expressive part of their domestic ia

dustry ieverely affected fro.a optiOllS anti estrategies defined within the indu

strialized countries econaaies. It is not a s.all lot of already su•stituted 

•terials that •M up the day-to-day activities in the advanced third world 

econowaies. 

•ca. the Brazilian perspective three are the .. in points to justify a 

national policy tovards aev •terials: 

- there are in the country very important world ore reserves of 

estrategic ainerals: 

o Quartz (9S"L) 

0 liobi• (16"L) 

o Titaai• 

o lernt .. 

o lare earths. and otlaers. 

Since these raw .. terials are of fuadalleatal 1.,ortance for several "-

tech applications. there 11 a daa1er to import tbe artifacts bavtna tbe .. terials 

•H up of tbese esnate1ic •iaerals U 90 pollc1 tovard1 MW •tertals developmeot 

is not a.,1 ... aced. 

- Tiier• ••ists • .cteacif tc .,.. teclmoloaical capability wtchi• tlle couacry 
, .. , .., M c.sidered a .... Md for such l+D effort. Althoup a 

c ... t•r•I• IKreaH &111 ..... ,. of researcllers ts ewisapd. ck •lrHdy 

••lstl .. professionals are ... lifted co undertake cJae l•itlal •teps co..r•• 
the creaciotl of new .. certals ceclanolo.,.. 

I 
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- n.e utloul •rket la intenauo.au, .-t .. aa ._of tlte ••t 

praaissi .. •rkets for hi-tech products aad artifacts. la fact• dae 

country does have indigeneous industries ti.t use ... ewn develop 

new .. terial products. 

1.1 llev lletal Alloys 

lletal .. terials have been the ... st pro.inent taraet for noa •talUc aev 

•Urial substitutes. However, due the inherent sineqi .. of their properties 

and peculiar characteristics, •tals ~nd their alloys are .. intaining their 

ce111petition on a •ast gamut applications. I 
Due to its ore resersves, arasil has to undertake its ova path towards 

being an industrial.and technological center for the de-.el.,.eat of aev .. tal 

alloys. Such nev•tal allo7s are being aiployed ia the electronics, aeroespacial, 

oil e•traction, chemical and petroche•icals, aut-bil, steel .. king, nuclear and 

bia.edical activities. 

At the traditional .. tal industry level, crude steel predo.inates the 

Brazilian metal production. Figure 4 sbovs the growth of suc:Ja industrial branch, 

and figure 5 illustrates the location of the steel plants over the country. 

I 

! CRUDE STEEL (MILLION TONS) 

I 

! ~"t=~=====~~~~:;ii::::~======:::::::t I .--------__........._ _____ _._~~~__. 
' . 

rtaur• 4.- Crowe• of lresilt .. cruels •C••I prodacttOR 
lourcu lleulur1ta incerucioul, Yol. J, lfo.l, Occo .. r 19'7 



Figure S.- Location of the braziliaD steel plants. 

Source: Hetalurgia lnteraatioaal.vol.1.ao 1,1987 

Secondary refinig and laddle •tallur11 procuses,viclespreacl ..,.., 

die C""11try producer•,allov the procluetiOD of steels holding a high degree 

of eleamaes• for •tl'illgent applications. 

Fipre 6 9bow the •fD esistiDs l.U~a yf'XHH• ~ the brazilian 
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Figure 6.- Kain laddle metallurgy processes in tbe Brazilian steel industry 

Source:~.etalur~ia lntei:uatioaal.vol.l.aol.October.1987 

Controlled rolling of high strength low ello; steel (HSI.A) is being videly 

used at the Brazilian steel aills to produce plates for large diameter line pipe 

and off shore platforms. It is expected tbe tacorporation of the tbermo11echanical 

control process (t!ICP) in Brazilian plate aiilt in a near future. Such technique 

being llos:ly applied to steels coataiaiag ai~roa!loy additions such as niobi;aa is 
I 

well ·~~ted to tbe countrJ• 
Continuous annealliftl• of!erri•g a rela:ivelJ lov cost .. tbod of proc!iacins 

I 

hiah 1tren1th cold rolled steel, bavina aood fon1abilitJ characteristtc1, vat 

introdUced in lrasil, at cs•, tbi• , •• r. 
I 
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flaure 1 illustrates the volume and variety of ~-roducts .. de by the 

lra•lliaa steel industry la 1985. 

' 

C1?Mt®'?iY? ,_ 
tt+Uz-zejit; 

.... ---

figure 7.- Volume and variety of products .. de by the Brazilian steel 

industry in 198S. 

Source: Jletalurgia Iatematioaal.wl.l.aol, October 1987 

At the new •tal alloy Mteriah side, considerable progresses have been 

.. c1e bJ seve~al Brasilia• eaterpri•es: 

o Special •teels: Vtllares, Aparectda. Ptratini, Eletromtal and Acesita 

o Special alloys: !:etrometa:. lle:al Leve 
o lloCuli&tns !re:: Fundi.;ao : .. ,,~. CIJf AP 

leaarctas l•C fa:!lities: 

o Iror. •nd Stee; Kaki111: C11&iaas. CSS, Acos Vtll•res all bavtn1 tbeir ovn 

l•D f•cilities; COSIPA, ACESJTA, rtrattat, Aparecida and Eletromtal, all 

llave l+D nuclei that toptbe; ritb public reHarcb enters aad univenitie£ 

faciliti•• de•elop their ovn l•D ...... 
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Uial) .CD(Celltro Tecalco .. .._..tlca) .CIDCO'• a SM .... w
ro) .CVID(C•t•dd• Yele .. Uo Doce).ua(IMttade .. IU•ll• 1111-

(eo.panh:la Bruildra 4le ~ e lletalaqSa) ....i.,. ... ,nJect• 

vith 'brad.liall and foreip UDi~ltles _. r..-da IMtltlltieaS 

and .as vell. coaduc:U pnpertar7 nmrch • we eeflstlcat .. • 

products • 

llegarcling a-tD at unlwnlty f.cllltles. u well u tralal• _. ellllc-

ation.several •tallurgical aa4 •terials eap.ertaa •ea•ZI rrta _.,.,.lea 
clepartllelltS are engaged on spec:lal steels ad aev •tal allop :unc(Vaiwr-

siclacle Federal do Rio Grad clo Sul).USP(Unlwn:lWe .te S.. 'P•lo).uncar 

(UDiwrsiclade Federal de S- tarlos) .UUallP(UDlwnS.-. '- Cmp!Us) • 

UFRJ/COPPE(Coord~ao dos Proar_.. de 'P'os Gr~•/Ulllwrst.Ude Federal 

do I.lo de Jaaeiro)
11
DE(Instituto JU.liter tie Eageabar:la).JUC-a.J('Pontlfic:la 

UDiversidade cat'ollca -tio de J.-1ro) 9UfllC(Uaiwrsldede Federal cle ll1DU 

Gerais) • 

Figure I shovs.iD a •tru V&J• the ..-al.., .etal •terial• Mias 

iJIVestigated • 
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U. ..-~1 pttellw • dill.._ llHal au.,. ... ..,. .. 
o -n•••ms 6-t•tlltf•tcl~-......._,711 ...... ~lwlt ... 

lt Is enecte41 • 1$.ftra• la da .-11fac.tltll • ._. •••·zulit • diJi 

1ra-.tear\1at-r ... llflt:atl- •~ de ....... IH - H •kl• ..... .. 
aee.._,~. r •latM t.• mM•llwalcal • ..,., .. , .......... 111t11A6', ..... · 

st.ate playslcs ... deai•try. aa •11 as .-llt'f aMtol ., ... M - 1..ct11 

logical •••a•uat an to ofE•r we --.11W. 

o &+D I.Jr•~ncl!tJ: U.te eaiata lfidtl!a die ~It a ......., ... tal••a.it 

U.t DMU .... ..-ate anic•latl• la tema wt •a• rial c•lfl:llltt ~ ..-1-

.tae tM sdeatific ... t.a.1-.1cat ~--..ti.el .,_llliiilil~•c • •ll ._ 

ideatifie• iastlt~ieas • -.ti •if• tt _,..,~.._ ....... •tlil• ._ 
fac:ill& the ....e fer •re setialst•utel _. *'•'ttel -..ti"'••· ..... ,._. 

oo &pcial st"ls: 

purity; •icroalloyed and rolling controlled .t~roestructure 

oo Special alloys: Ab•i•i-, titaai•, •gaesi-, berili-, copper, ltari-. 

ga11 .. , litiu. special alloys and pure metal 

oo Roble metals: BJgh-purity gold and gold alloys for medical aad deatlstry 

applications; pbaruceutical applications and electroaic applications. 

oo Superalloys 

oo Allorpbous Alloys 

oo Laataaides: 8igb purity oxides; 

oo Pure •tals: Tungsten. tali• and zirconi• 

o Assurance of quality: Industrial quality; standards and reference 8etal ,, 

•terbh; •nag-nt of quality control system. ; 

o Asseeblin& and production: To secure effective vays and procedures to install and 

assist at tbe start-gp phase tnd~5tria! eo:e:yr15es to ;~c~~'e or impleme~t 

the outlined guidelines. 

:.2 Advanced eer .. ic• 

n.. fine cerasic• vcrld .. ~ke: vas es:: .. :e~ t: be 1r:•~= a S billion ~cl:ar• 

f igvre In 191S. Of these. around 2 billion dollars are e•tt .. ted to corre•pond 

to the figure attached co •icro-electronics •ub•traces and I billion dollar• to 

cer .. ic capacitors. 

IM'E:(•) ;ac the 1.._cru1 1nel, ... S41a Pffl-sr-.c .. •ilber quaHHactou 
at , .. _..rar-.c. ... 

. 
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I• die -- IS Jan - ........ • ••••• • ... •t ... UL a I -
t• 2Gl ,er ,..r ..... tt. cerr111 Eiii. ••• Mctns •• 411 • .... • 
per ,.. ... tM ... •m Rntt .. , WLSlt• ••t It - - ....... - .... -•t., ._. 

1'e lr•alllaa ce1 le &• ner • .a. c:tWta .... -. • d •n•• tt 
r..U. SKOIMI la tM ....... •ft•r lt•l,.-.at• ..... Lt ................ . 

•flUre •ters. 

At tile ·~ cer..tc level. tlll! kaslll• •"- aa 111-11 • • .. 

t .. order of JOG .till• IDllan. ••• • .._~lal ...._ .r ........... a 
to I0'1 ••• '7 lecal .._tries .. ....._,._ ...,.,,,__. ••••• ....... . 

c•citon _. .n.-he-tdc c14elll!M:s. "* ......_.._ •dat la•* ... ... 
refractories. ~l seal~. •••••la. a ... _..ra. 

m..e,,.r. H'ftral pre6.cts are still f .. trtd as •••n. l"...-1-.. twliea fell 

sett- lallilps. ferrft•s. catalpers. cutti• twls .... ._ ~ial nfttlltteries. 

_..... twenty f"'9K~ies are pr°"9ci• for d.is -r1ret; .. ., aw •ltl
natfoaals aad tlle otller .. u geaui•ly .. uonal. 

Of the national COllpanies, two are engaged in tlle cer ... ics for electronics. 
seven in thermo •dlanfcal aad One fa optical fiber. 

In the produetioa of special cer ... tc powders Brasil has: 

o Al•ina: lletal leve (Pilot plant); UFSCar 11 IPEll, UllESP (R+D efforts) 

o Zirconia: 1!111 (10 t/y pilot plant); UfSCar. UllESP. lflll (R+D efforts) 

~ Titania: TIIRAS (Industrial production of T102 pia-ent); CVID (R+D effor~s) 

o •tobio: Cllll (Optical and crystal srade industrial production) 

o Silica: CYID (l+D efforts aad pilot plant for quartz powder} 

o Lanthanides: 11uc1..,... CVIS (R+D efforts) 

The follovtns are some producers of advanced cer .. tcs products: 

o Optical fibers: AIC-XTAL 

o lsolatins parts and heatiag el ... nu: Carbo"'""9, llGK, IOSB 

o Capacitors: cuu:, •~=. Thossor.-CSF, Vitra:IOC 

o hntors:!IITEC, B2~?a 

o Substr1:e1: COOIS, Jl';K 

o Speci•: ,arts of A1 2: 3: cocas. Ke~a.u1. rrocer 
o PZT: 'l'boncoa-lmc 

o Yaristors: YC YAI 

o Tlaread-ptdes: Cll. alld •l .. rs 
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lea•r41l• R+D facllltlea for adYa.cn cer..tca. a lot •• to h .._ la 

te.,.. of ac ... lsltlon as speclllaaed ~lp11eat for specif le ,.rpose appllcatloas. 

llollewr, ~ resurcla lastltatioas do posses a good R+D staadan: 

o 9uclear Cer..tcs: CDlll, IPEll 

o Optical Glasses: CE'IEC 

o Structural Cer..tcs: CTA, IIE, IPEll. UFSCar, COPPE/WIJ (Fil• depostioa). 

o PZT: IPqll, UFSCar • CEnC 

o Cera.le claaracteriutioa: COPPE/un.J, USP, in. In, USP 

o -Powder: lfQSC, UFSCar, IPEll, C£T£C 

o Ferrltes and 11 ... dlcal: lllPE 

o S-.ercoa4uctor: CRF, UFSCar, UllESP. mICMa', USP, 11'111 

legardi• tral•i• aad educati-:Tedudciaas (Se-i), madergratluate lewl 

in cer-ics (UFSCar, Ufft9 UFSC), post-araduate (USP, lllE,mESP,WICABP). 

For a general wiev of faectioas, propertiies aad applicatloms of-awaaced 

cer-lc materials. Figure 9 prowides suda aa owerwlev of the sector. 
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the general pideli•s on the advaaced cer..tcs proar- are: 

o au.an lesources: eKpAndiag opport•ttles for cera.tcs vUl re•lre .ore 

scientists. researchers an4 engiaeers vttb vtde llnovledge and an tater

discipllnary approach in a8aaced cer..ics. Faculty --.rs trainiag 

programs are eawlsaged, specially tbrougll scholarship grants abroad. 

Libraries are deficient ln advanced cer•lcs topics and -st be giYen 

financial support in order to bold a sufficient n...a.er of books, -aaziaes 

and journals related to the field. 

o ••D lafrastructure: Specialized e'l"i,.at bas to be prowided as well as 

substitutiDD pf old fasbioaed ones that are workiag at their level of 

fatigue. 
-

o 1 ... diate Opport .. ities in R+D: 

oo Processil!I Teda•lop: la order to connect processing •aria•le~. 

particle-size distri'butioa. c0111pOsition. tnirerature. to the desira•le 

final properties of the advaaced cer-ic .. terials. 1be obtainiag of 

ceraaic powder through ci.e.ical route, spec:ialy sol-gel techniques, 

!re a need; sinteriag techniques. 

oo Advanced Cer..tc Products: Isolators, ferroeletrics, piezoelectrics. 

s .. iconductors;.struc:tural cer.-ics on Al2o3 , zro2, T1o2, Sialons, 

aitrite5 carbites aacl their COllpOSites. 

oo ctae.icalh bonded Ceraaics: including advanced cement pastes aad 

concretes. 'lbese represeat an outstandin1 potential for lov-c:ost. 

net shape fabrication of cera.ic structures. 

o Assurance of Reliability: the reliability of adYanced cer•ics is the 

single eon illpOrtant determinant of succeH in any application. Advances 

in brittle .. terials desisa, process control, non-destructive evaluation, 

crack propasation processes aacl life predictions are needed. 

o Qu!lit! Assessment: .Purity and subaicror. sfze control of t!se slntetic 

pri .. substances for cer .. ic maavfacture; pc~1:cal and che=ical control 

stanct.r~ia•tlon proceduret; ;b .. l;•l •DAiytiJ 'ontrol; ref1re1Ke .. cerlals. 

o Production facilities; Pilot plant and 1nd~ttrial plantt for Zro2• ZrOCl 2• 

t102• l•ntaniectes. &1 203• leO. SiC. Si:••· 
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l.J Qu!rta aa41 Silicon 

Several are tW. iadustrlal appllcatlon of quart& and stlfcoa. -inly on optic! 
and electroaics. 

Righ-.uality quartz reserves are located in Brasil. tut holds 95'1 of tW. 

world reser.-es. It is the sole producer of blocs of piezoelectric quartz and the 

-Jor producer and exporter of quartz pieces. 

Cacex, the national exporting authority, estaMishes exporting prices ranging 

fro. 1,2 to 6,0 dollars a kU.ogra•, the average exporting price being of the 

order of 1,J dollar a kilo. 11aerefore, the fiaa"Kial '-eaefits fro. •uartz 

industrialization are occurring outside aational bonters. 

Of the advanced •terials tbat are .. de-up of t(Qarts, the country detains ova 

techaolOSJ for cultivated •uartz productioa (Cetec) and oscillators. AIC-:ITAL 

industrial plant does produce cultivated quart&, although utilizing llotorola's 

technologJ, couesponding to near IX of the world •rket. 

Brasil does not hold technoloaJ for fused quartz production, i.,orting 

produ•;l.s as diffusion tubes, optical glasses, etc •••• 

AIC-XTAL .. nufactures optical fibers using CP•D-Telebras developed technology. 

As for silicon, Brasil is one of the .. jor YOrld producers of metallurgical 

grade silicon, being al110st all the production using quartz! 

For the production of 'ne kilo of metallurgical grade silicon, around 2,8 kilo~ 
of quartz are aeeded. 

nae country does not produce elecuonic grade as wll as solar grade silicon, 

i.,orting its needs on the fol'll of final products. 11aere is a factory called 

Reliodina.ica that i.,orts polycristaltne electronic aracle silicon and produces 
.onocristaline plaques and solar cells. 

Research and develo,.nt are beiag carried out at Cetec araf In research 

centers and at UllJCAllP, USP, and II! uaiversity facilities. 

Tbe 1eneral auidelines on the quartz and silicon sector are: 

o Human Resources: To F~:»mote tra~n!~s •nG ec-~~•t~cn compatible to tbe 
need1 of tbi1 1ector. 

o l•D l•f ra1tr.;::gre: T~ provide f c~ s?ecia?!•e~ eq~i,...t for those l•D 
institutiona •llC! univer1icie1. 

o !!!ediate Opportunities for l•D 

oo Tecbnoloatcal Domi1u lip purity quaru powder, fused quarts, electronic 
alMI sol•r grade silic011. 

I 

o QuaUtz AHvrances lnduHrial quality control •JHW to ••HH product 
reUabiUtJ 
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o Pnd9ctl• lattes To•~• d9e lwelll• ef ••••trl•l •lta • •&P-
,.r1t1 ,.-r ... rta. cultlwet ..... na. eKlllaten. ,_. .-rt•• 
electroalc a .... tar ar~ •Ille .. . 

1.4 Ea&l-.erl!J PelJ!!r• 
ta.ere ••lats saee •tff lc•ltle• t• l ... ttfr .. atretealc ,..1t1 .. 1 .. .r t .. 

tadustq aad researcla lutlt•t ... I• t•h ana ef ... 1 .. rl• ••••tic• I• lr•ll· 

'Ille treads I• t .. researc• secter la wrr ... c91111ltl .... ., tt.e •ta•t •I 

dewel..-•t of t• aatl•'• ,.tnca...tcal l.._tr,. ...... dlen I• a ... l'Cll fer 

ideatlf lcaUoa of t• "9rl•tlle tealleacy ef ••• ••l-rl• tlMtlc •terlal• 

aad ..., do t•1 flt wjthla the c ... try'• nalltJ. 

'fte actul •a•l•s ef s.cla --~ p•ratl• ef ,.t,..rlc ... H .. 

-t.erlah •rldwide • not .... t• pretluce ec-.a .. t .. •tl .. I ... I••• -t•r-

prises, lwitri as ta..y are to the st.ill very 11ealt -r..t •• ••el __. •terlala 

llotvithstaadi .. , dw to the areat dearee of laHnatt ... llaatlea ef die 

intenaal lra&ilian eco...., it ls safe to adait, I• a 11ear f9tnse. a el .. lflce-t 

increase in ..__. for such advaaced pol,.ers; aad vbea •Kit a ataae viii .. 

reached the expectations are that areat difficulties are to H faced ., tM 

lra&ilian petrochelaical industries, since they are, ta fact, already havtaa prot.l 

in obtaining foreign technologiesr due to the fact that ta.. internatloaal .. rbt 

is estr..ely cartelized do not ellllancing technical disseelaatioa. 
Two are ta.. •in advanced pol,.er applications: ta.. reinforced oaes, .. ,,, ... 

escellent stnactural ,~n~;~ adlaerency, the conductin1 and photo-active 

pol,.en; the second group •J be called as "social application polymers"., as ta.. 

.-ranes (water purif icatioa, pollution control, dial75is) and bio-compnible 

.. terials (•dical purposes). 
?he .. tn l+D centers are: llP!, JllCOll, CTA and CEJlrES; at t•e uniYersitJ 

level, unJ (DIA, bioplaJsics aad COPft), UFSC.r, UIJCMP. 

The 1eneral pidelines for tbe advanced pol7•er proar- are: 

o Buman lesources: !raiaia1 a:~ ed~;at;:: a: a:~ ?eve!s !s =•dly needed; 

o l•D lnfrastr~t~re: lie•~ tc e~:ar1• a~; eq~~r ::M esis:iaa •-c centers an= 

universlcie1. le ls fores•en tbat vtth :=:. !~s:al!tns of petroquisa l•D 

facilitie1 at t!ae ~'f'IJ Caa!F~•. an~ •~~te~uc~: :peratiOA, vi:? ~ct a& ' 

cataUHr for .. Jor actions reprdin1 advanced pol,_r reHarch and 

traiai911. 

o 1-lediace 0tporcuaicie1 for l•D 

oo ....,rne proc••M• awd production 

oo lio-c..,.cible .. certal• 
oo leinforced plastics 

1 
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oo •lP-crlatallaltJ p-~1,.ra 

oo -. ....... pol hie :de alloJS 

oo PIM»toseaaltlwe .. terlala 

oo Special adlaeshes 

oo Eagiaeerlag plastics 

oo Pol,.rs fna alteraatlYe sources 

o leliability: Process and product reliabilitJ systems aad procedures are 

to be ..... sized; 

o Production Unfu: To prw10te special pol,_r iadustrial units. 

1.5 Ce!posites 

Collpesites are hybrid adYaaced .. terials CGllpOsed of inorganic aad organic 

substances ha•l• properties superior to tlaose of the constituents aloae. they 

are any cOllbinatioa of particles. vhiskers or fibers in a c.,..,n .. trix. 

Figure 10 illustrates the way c011pOsite .. terials .. , be formed• 

fipre 10.- 1'N V.y C.,O.icn Kacedal• are foned. 

S...rce:OfUca •' t•' l9g ..__, 
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Ia Iraan compoalt•• •n t•WllK• bJ tt. ae~tlcal l.._t.., fer 

structural p.arpoaea (preaaud ........ fl•n. ncllat t•"l•• etc ••• ) • ...,__ 

consist of f lber •nd .. trla c ... l-.tl ... "'lch Jl•l• a_,erlor atre~ ... stlfft.e: 

as well corrosloa and fatla-t realat.-ce bet.a relatt.el1 ..,...,,,. a .. 

typicallJ contaialng a larae penteataae of hl .. perfor11911Ce coatl ...... fl'*trs 

lsuch as high-strenath glass. ar•tte. ar..td. or aay otlier o~ic fiMr). 

TheJ are fabricated ltJ a lallttrious process called "l~"• tJPicallJ 

involving placemat of sequential la-,en >f pel,.er-hlprea-ted filter upes oa a 

.old surface. followed bJ Hatl• .-.r pEeHUn to c•n tbe la,r-up late• 

integrated structure. Autwtlea k lleal-illl to llfee._.,. dais prKess • ._ -,._. 

duction rates are too slow to a11 .. for • silJllliflcaat aec ... lisllimeat. 

llarket opportunities are .,...n..~ "'"•'• ~- -re6a9tical aall Afellse 

uses, as for the dwnd on glass flMr reiafoKed pel,ester resin • llG8ner, 

less than 2't of such .. terials UJ be classed as advanced and are used in tbe 

sporting goods and industrial equi,.ent industries. 

It is expected that within a decade. composite unibody fr-• could be 

introduced in li•ited production; as well, medical illplants, storage and 

transportation of corrosive cheaicals, weapons and •ilitary vehicle are considered 

to be near term .. rkets. 

E.braer produces structural COllpOlites for its aeronautical industry. 

As for a+D facilities, CTA, IllE and IHPE are those vorkina in advanced 

composites research. At university leveJ, UllICAllP. 

The aeneral guidelines for tbe advanced composites progr...e are: 

o Ruman lesources: Training and education efforts at all levels, due to the 

very ellbryonic nature of the national capability in the area. 

o R+D Infrastructure: Still very .octen and insufficient for long tem 

progr .... s; needs to be installed and equipped. 

o t ... diate Oprortuniti•• i• l+D 

oo ProceHina lfethodolop: Develo,..nt of new, low-cost fabrication 

~::.Ocs are critical for advanceo composites, as veil bow process 

•a~iables do affect final properties. 

oc Bi<• reinforced pol711!ric C!!f!Site1: •'ca floes •~ an alcenaativ~ 

to 1JaH f iNH • 

oo loroa, C:.rlNMI alNI Ar•td fibers 

oo lnorpalc .. uu C.O•itH: Al•t•i• 
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.. at!!!S-trlala: ~ll:e •• nlaford• .... t for pollethUeae •trta 

of ultra-hlela dllMll:J (Orthodeatlcal ,.r,oses) aa4 na (Fracture 

Plutt•>· 
oo a.1.-..1.,. C.inl: As the slqle most important .ode of u..ae 

propeptl•; as wll lnterpbase c•trol techniques in order to 

assess its influence on c011pOsite t.ehaYloun. 

oo a..itl~l IIJ(usioa: To incorporate aev properties to the 8atrix 

(coaductina polJ118rs, lenzes and bie111aterials) 

o Testj.s •t....._: need for standardized testing •thods and procedures 

to avoid, er hi_..r, variability in reported property values. 

o IndU$tri•l. "'its: to prom>te adequate erection of industrial plants on 

needed ......Ced c011pOslte .. terials. 

2. Fi&1aci• 

la order to have a start oa the af,,re exposed policy the figures shown in figue 1 ! 

are in effect. 

VALUES IR MILLIOll CRUZAD'JS 

• 
FISCAL YEAR 1987 I 

1988 
r 

~ llCT FIIEP CllPq SEI "OTAL llCT FIIEP CllPq SEI rOTAL 
A 

Planning & 
Studies 10 s - - 1S IS .s - - 20 

Training & 
Education 6 10 192 3 220 60 1S 394 3 4.S2 

l•D Infra-
•tructure 74 30 - - 71 no 50 - - 180 

t t 

1-: f:-=je~ts I.I 420 11 .s 1.513 21C I 16~ 36 s 1.111 I 

I 

lelbl>iUc1 6 
I 

Quality AHur. l2 s - - It 2S 20 - - 4S 

Productive unlt1 
As•lst•nc• - 30 - JO 60 - 50 - ,0 IO 

TOTAL 150 500 210 ,. ... •20 1000 430 ,. .... 
•••••••••••••••• ··- •••••• ......... • •••••• ··- ............ •••••• 11 ·-···I I 
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IE!• malatl'J of Scleace _. Tecllllel.., 

n... ........ fta.act.a State lllteEJrlM 

car.- •t1 .. 1 ..... rc1a c..cu 
RI• S.Crata17 of lute for lafomatlca 

Yal_. la I01Cd _ 

Cdl a .. o._11:.,. • 

Flaur• 11.- ..... t for t ....... terlal• pr91r .... 

Source: "O MNflo .......... tertate•. c:.1 ... lrull clucta. •· 2. KT. IM1. 

As for HCtorlal .,.ucat•-· ftpre II ..... t .... a .. la anu- of 

cruudos; tt.e Nm MArwatl- ...... fK flpne II ... 11. 

YAIMIS Ill lllLLI• CIW 

FISCAL YEM 1917 ·-
Area T - AC QS IP c 0 QS c 

Source T 
A .. 

MCT 46 44 IS 30 73 92 35 420 

FIREP 164 62 118 102 71 429 1000 

CXPq 4,6 36,S 93 54 430 

SEJ ID Jll) Jll) Jll) 38 

TUTAL 1818 

•••== s::: 

1ll9ls lev lletalic S.terials 

ltC.• AdYuc:d Ceramics 

OS• Quaru •ad SUicOD ,,. l .. iDeertn1 Pol,.ers 
c. Collposite• .. NC def IMd 

rtpre 12.- Area dil&rfbutl• of ftuacial ••lues 

Sources "O deaaflo '" llOYOS Mteri•it", Col94 .. lratU Ciencia, ... 2, llC?, 1917 
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). Coaatralat1 for tile ... of ..... terlala 

Several an tile coaatralata ....... • • Mtlwl 

lop.eat of ef forta ln adw8ac.. ..terlala tect..1..,. 

Besides those of • -r• atratealc ... Ill• • ., .... at t .. IKnktl• ca•tii 
of this paper. othera are: 

3.1 Traini• and Educatioa: 1lae --...-4aJ .._ .. for Kl•tl•ta• n ... n 

and engineers well tralaed la advaaced •terlala t..._l.., ... •Ill 

is belting far •st: behind an1 suppl7. n.a. ..... true for tile 1.._tr 

Uzed world. and in a ••t pr-laeat •J la tt.e tlal ... •rl• c-rl••· 
It is recognbed that educao .. _,..._tile ••t effecu._ .,,n.c1a 
towards ac~elerating the develop.eat aad •tlllaatl .. of aev .. terlala. 

Undergraduate courses are to be offered la a •J•t ... tlc ... ,. to .... 

ing. ph7sics. and chemistry l>achelors; post-graduate courses al•I• to 

create the research and develop.eat capabilities on nev -t•rlals are 

• .,st; special emphasis is to be put on faculty -.bers traialna 

programmes. 

3.2 Interdisciplinary !pproach: The combined efforts of specialists froa 

several fields of knowledge play a decisive role in project, .. nufacture 

and utilization of new .. terials. ·siaercisa, so COlllllOn in nature. 

but seldom appreciated in scientific thinking, is the key role to under

stand and interpret new •terial designs. lo distinaive ways to 

carry out a given project on the product and the .. terial from which is 

is .. de is allowed in new 8ilterials develop11ents. Such an approach 

however, although needed for advanced •teriah proper desians, is very 

much against the third world countries ~apabilities, due to their lack 

of qualified personnel. 

3.3 lnte1rated Desian 

Advanced •terials dev•lopment and utilization clat.s for an extensive 

database on .. teria!s properties and capabilities in producina sopbi

sticated scf tvare for computer modellina and si11Ulation analysis. •~•ni 

to know bov tbe properties of the •icroscopic constitueGtt, •~ti=& !: a 

aiven siner1etic envirOlllent, deten1ine , ... overall beta.viour of tbe 

duired product. 

Dis coanraint, apin, aces apinn tbhd wrld countries, due to 

tbeir lack in 41u.Uf:led personael a1MS c011pUCin1 tooh. 
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l.4 Systw !pprwla to Costa 

One of tlae daaracterlstlcs of amsed .. terlala ls tlaelr •t .. t coat 

and lt-ls ualikelJ tbat sucla a ct.aracterlstlc la aol .. to claa-ae la a 

near to •di• tera foreseeable fut•re· 

the "sJSt• costs" approach. lm:ludlng prt.ary Mterlals --facturf•• 

utiliaatioa properties aad life cycle of the product. tries to diaials• 

the cost disadYaatage of the _. Mterlals; tlae idea befag the cost de

crease fna US$l00 per poaad to less t .. n US$20 per pound (t .. t actully 

occumd to die staadard lafgla stre~ . .;tla cane. fiber). repeatlac aad de

creasing furtller to the US$5 per ,...0 range to c..,ete satisfactorily 

vitla c_. • •talfc products (daat actuallJ' is far fr- laappeaiag). 

1WD very illportant costs in f aftr of the ec..-lcity of •- adYaaced 

.. terials. as C011P05ites. cer-lcs and engineeri-. pol,.ers. are the energy 

and labor costs. 

3.5 Attitude toward l+D 
Research a,.. devel.,..nt activities are officially spoltn of beiag very 

necessary atad of uUIDst importance in al110st any pve~nt official atad 

businessmn speech all over tbe t10rld. 

In the industrialized countries R+D is an intearated part of the running 

enterpJ"ise and is the respoasilila for .. intaining the COllpetivity of a 

atven c_,.llJ and or for illproving a afven co.atry's sapr~y. Ewea la 

these countries l+D expenditures are heavily financed bJ the pverm.ent. 

In tlae third world countries, llovever • l+D expetMlitures eitber fr• 

aovel"Dl.eDt or froil local iadustry are extr-ly poor, U.. videnias the 

distance fr• the ceatral ecOllOldes. •1 ts tlais so? Allswn to this •uest

ion .are aomally 1iven ia teim of social ec...tcal priorities: traas

portation, ltasic Haith, productl•, eu •••• 

Suda answrs do now a r .. rkable lack of real ••l• _.. --r

standin1 of t.be role of sc:ieace and tec!moloSY• ?!tey are ~=: a: e:d pe~ 

se. t.bey are the vay to overco.e aad reach the ulti&lte 1oa!s t.a;>csed 

by ct.a couatl'J! 

la ... , uncry ad 5pecially UoM of the tlalrd wwl• • coupli• of 

reNUrces ha mH: cllere are •t eaoupa f.cUicie• co '9 uuUMd for 

l•D purpoMs; there are not ...... coaw1teioul _, .,.clallad ..,,,_., 

co deal vlt•; _. t .. re Is credibllltJ fr• , .. ,.._," (...S pNrmPC) 

, ... , i lecal W p .... ! 
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a.t to do tMa! FlnHJ; aow~•t ... to •lev l+D Proar-. ._ • 

perfmctor, actl- co 111alcla s.- m.maated people dedicate tJ.maebea fer t'-lr 

..... satasfactl•; secoadlJ. local laduatrlal ..... , .... eaaer to ao ·~ ....... 

any "expert" tHJ caa flad aYaUa•le ... s to pramte l+D projects t .. t flt "-tr 

ovn •eds; tlalrdly. l+D persoaael ... to uaderstaad t .. t they are aot dl•l• la-

splred and need to S11Rt in order to .. ve credibility. 

therefore. fn. a aational staadpolnt. a consort:I.- of actle!tas aad 

activities. couplt111 avallablz scleatlflc capabilities vith eagiaeerlng skills. 

lat.oratory aad scale-up facllltles. as well testing operattoas. ls to .. carried 

out lf any c .. nce of success ls to h assured. 




