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Act i Yi t. i 1•s in G<>nora l 

My activities as \JilllDO-expcrt in the carbon fibre project in 

Hrazil l'roru the (,.May 19R:! to the 5.Au(;u!':t 191;~ are mainly 

covered by the following items: 

a. lntrcdtJction or anal:~rtical methodc: for the ch;•ract·erization 

or PAN··procursor fibre:-<, oxidi;.q>d PAN-fibrpc: and earl.Jon 

fibres as wPl 1 a~ for the ~tudv (if the pror,r"-=~ of the 

stabilization and carbonization re11ctionc: durini; the 

manufacture of carbon fibres from PAN. 

b. Stabilization and carbonization c~xpcrimcntc: of PAN-fibres 

from COUHTAl!LDS (s.A.F.) with variation or procc~-'."' p:ira­

mett>rs in ordor to improve tho ,,ropertiec; of the re!"11l-

ting carbon fibres. 

c. Stimulation of b!'!sic research work in the carbon fibre 

1icld including tho r.1odificaf ion of ini ti;:d PAN-fi.bros 

by chemical treatment. 

d. Teaching the brazilian staff in the u~dcrc:tanding of the 

bai:;ic chemicr.tl and physical cltangc!" durinG the pro­

cessini:; of C-fibre~ from PAN. 

Detailed de~cription of 111v activitief' 

I II 

1 t c>m n 

Di ff _£r !!11_~ i ~ 1_ 1.!!',!.:.'''~ l_ a_!:!u_ly ~ i~ .!.IJI1\l 
Tho techniques and evaluation of d:Jfa from IJTA-expPrin1•;n1co 

\·ii th initial P;\N-fibrc~ aud oxirlized PAN-fibre~ hriVC b"cn 

tcachod, uping the> new DTA-oquipmr~nt., purcli:i<-f'cl hv thf' \JNIDO. 

By the result~ from ~xperimonu, with li.npar he~tin[~ r:-dP U 

was poR~ib1o to explain the different thermr11 beh:Jviour of 

Pl\N according to a diffe1·cnt. chemical compo~:i ti on of tllo 

to~tod polymer ~;<;mplo~. 

By perf'orminr, sy~te:matic i~ot.hormal lHA,.ex1H:-ri111ont!" between 

220 and ;~70°c 11~ inr, l'AN-r-:amplo~ with d; ffnrrnt comono11H~T"' 

<lild diff<:t"<lflt allllOSflh<'TOS (afr, nltroc;t>n) nnrJ c>valu:-ifinn Of 

lho kinotic d<llll for tho cyc1i7."tion <tnrl 1ho oxlrl::itinn of P,\N 
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tf10 influC"ncc or tho comonomcr-, (e.r;. in ca!"o of i i;ir.onic acid 

a~ comono111e:r an uccelornt it1{~ P.ff'oct on tho r.ycl iznt ion and 

oxidali(•n rutos) r.ould hr> shol>U to the br~n:ilinn staff. 

F\lrthorr;:~·ro l have shown to tho brazilian stnff how to mt>asnr<! 

quantitatively ti1e progro~s of tho cvclizl'ltion in the difft>ront 

zones 01' the continuous oxidntion furnacP. by Jl('Tforminr~ DTA­

expcrimcnts with linear hf:'ating rato w th fibre sarnplc>s 

collectod f'rom each zone of the furnnr~e. 

l lrnvo trained the engineer Arnaldo, !"incr> 1\pril in tl1" bra­

zilian team, in al1 dotailc; or the experimf'>nt11l DTA-tP.chni'luos 

as well as in the intorprotation of the rrI'A-rec:nlts. 

_!n.£r~r ~d-~J?O.£ t.E_ o_:_ c~py J. I~}_ 
Two toe !in iques .for the sample pr opnra t ion havn boon in trod;1c od. 

The spectra wero obtainod from a Perkin-Elmer !'pnctrameter, 

which 1~. located in the chondcal dop:utment of the ITA, hut 

Ciln bo 11sod by the carbon fibre team without limitations. 

By dboisolvinr, P1'\N~fihres in a suitablo solvent anrl reprf'cipi­

tating tho polynap1· as a :film it is po~sible to g0t IH-c:pectr:.i 

with good resolution and high reproducibility. This i~· a 

precondition f'or tho eva~untion of quantit$)tivc data from 

the spectra. 

I have touched the brazilian staff (Eng. Arnaldo, gnr. Sirnionato) 

to use this technique for the quanti iative detnrmination of 

tho comonom3r content af'tt>r calibration wi.th snmploc: of known 

comonomor content. 

I have shown furthermore how the IR-spectra, received from 

oxidized PAN-fibres and proparod as KUr-diskc, ' CFlll be intorpreted 

,.,Jt!i ro~poct to the progross of the cyclizntion of PAN bv 

comparing tho extinction of characteristic r,roupc: in tho spoctt"um 

of uatttti::itod PAN with the spectrn of PAN-f:a111pJcc:, hP.attronted 

at differc:nt tomporaturos nnd diffc!rent tim'!"• 

Melhod f'or tilfJ 111PIH>Uroment of the fihrfl dPnfilv 
-~---------------------

A ~ink··float motlio<I for the df?tJ!"i1y 111ori~uremc~nt nf fibr1~" wa•; 

introducod by lll<'. Hy this very ~d111plu and 1111ick method it ic: 

possiule tc, moasure the rfon~dty of it1ftial l'AN·fibro~, of 

oxidized fibro~; :-1s wPll ::if! nf C-fibrPc:, ln comldnrd.ion with 

tho mea:;1ned w<•lr,lit ,,fa Cf'rlain 1•·r·11;th of a fibrP. c:n111plo f1 

is pofi~;ihlo to C-'Jlcl1lr1to tli(• ov<~Tfl{'P crofH; 4 <:oc1.ion of thr. fihr1·'.". 

I 
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1ho incrPase of tho fibre donsit.y or oxidizod Pi\N-f'ibros with 

stabiliz<ition t.im0 aud tPrnperetture giv1-'~ u~orull riualitalivo 

and quaniit.itivo inforrn~d.ions on the stetbilizalion re;ict.ion~. 

Tho rt•Slllls of tho uensitfiir~asuremen1s of tho J'd>re« in the 

different st.ago~ of the C-fibre proces~in~ \\'Ore discuc;sed 

intensively with tho brazilian toam \11ith respect to the 

optimization of tho process nnd thepropr!rtiJ?s of th~ resulting­

C-ri bros. 

Jtom b 

it~bi_l_!.z~t_!.oE ~X_r•!_!:.i~P_!!t.~ 

The stabilization parameters for thP COUHTAllLDS-fibrr>, usPd 

by the brazilian te<im, hnve bcon :-20°c for 7, ltourc.- nt 'ln ovPr<l11 

e1oneatir<n of t.hc> fibre~ of (,f.,. No vari~tion.-.: of thf'~f' p~-.~a111pters 

h;ivo boon clone in this continuous one step exp<>riment~ bPfore 

my arrival in Brazil. In order to firnl optimized !"t:ahiliz~1ion 

parameter~; for the future two step or th1·ee st·ep st;ibiliz::ition 

in tlie pilot pJant, the brazilian t:e~m !"t~rt:PCJ under mv <idvice 

systematic stabilizntion .cxpPriment~ with V:lri<·d .-;tabiliz::ition 

t.emperaturus and limos, also in two step experiments, wherr~ the 

first st.op was a ~i.rotching step at tempr.raturu!:< between 150 ;ind 

220°c, and the socond step wa~ a stabilization (oxidation) ste>p 

at 220°c Dnd higher tc111perat.11res (isothormal and pror:rammed 

tomperaturo profile) for dif'ferent •imos. 

All fibres resulting f'rClm the experiments alroady performed 

durinv, my stay have been analysod by mf'ans of the onalytir.::d 

met.hods, described in Item a of this report. The re~ults of 

the expori11111ntf; h::ive been disCU!"Sed with the hr;:t~i li~n tram 

(Eng. Simionato, Eng. da Silva, Eng. ~~noldo). The propertt~s 

of C-fibros resulting from the oxidizl'd p,\N-fibre~ of 1hc!"e 

oxporimC'nt!:l have been comparor1 wi.th earlier rn!"1lll!'. The 

tensile strength of tho C-f'ibros was in nearly nlJ car-e~ 

hicher than befo0ro. Especinlly by the introd11ction of tho 

strotching stop (up to '•5% clonr;ation) the tcn~llf' <:treng1h of 

the C-fibros could bo improv<>rl 11p to ;ibout r,01, (hirhr>~t 

ten~ilP stronr,th ). I Gl'a). An optimnl r-t1·etchinr; tcmpcr;i111To 

of 190°c was found. 
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The eXJH?rimc•nt.s cnnld nol bf• finished durin~ my stay bocauc;n 

of the grt:at nurnb•·r of vari;ilions nece!"sarv for an optimization 

of all parameters. But tho results slioweci ;ilrcady 1-hp diroctinn 

fo;_· ·~ further t'Xpnrimonts, which will be rlone b:v the br:izili::in 

team i!i"tor my leavo. 

The cxporiments \11~ro <JCComp;::iniecJ by discu!'isions Al.out the hn«ic 

changes cc.used by the varia lion!> of the p:Jrameters in order t,-, 

ti:-i<1ch lhc hraziliau team to perform similar optimizAtion studies 

with other 1ibres ihan the exclusively used COliHTAuLDS-fibrc. 

S:. a!. b_Qni_ z~ ti o _!! _£X ~lJE i .!.!!e_!! t_!! 

Bofore my nrriv;ll in Urazi.l, it was alreacly knoNn to nm, that 

the hrazilian tea111 used n carbonizntion 1empf'rnturc of 1000°C. 

With respect to a maximum t.cnc;ile sirenr,th of" C-fibTP", a heot 

trcrntmen1. to hir-;her tompernture<> i1' necP.-:s;irv. To find o~it the 

optimum heal trcatnrnnt temperature (HT1} and to ~how ~o the 

br;izilinn tcnm the increa"<~ of the Younr:!<: modulu« with incrnnc:inr, 

lrIT, I hcive initir:ited :c;y~tcmatic di~continuouc; hea1 trN1tmt?ntc: 

IJctwoen 1000 nnc: 25oc0 c with C-fibres, continuouf;ly r.arboniz<·d 

up to 1000°c (counTAULDS-fihrf'~, "'tahilizPCl ~2o0c, ·5 h, (,?~ plonr·; 

carboniz;1lion with 7~ ~hrinkagcJ. Simil~r eorlier exp~rimP.nts 
railed hocause of a contamination fo the puree g~c in the 

f~raphitization furn;:. .e. By a carofull oxygen and moi•>ture 

removomont and, moro important, by a chanr,e in the purge gap 

f'low diroction in9ide of tho furn£jce these problems could be 

solved. 
Maximum tonsilo fifrength or at about 2.6 GPa wa~ f'ounrl betwP.{'0 

1200 and 1/100°c (1000°c: 2.1 GPa), the Younr.~ 11101hl111-. incrna~cd 
Unoarly from 165 GPa at iooo°C to 280 Gl'a at ~:;oo

0

c. The 

carbon fibre yioJd ;-flt>r the hfJat tre<itm<'nt w<l!" bctwPcn 55 nnil 

I 11 II 

50;~. dq•c:ndinc on the IITT. 

Item c 

l~ocause J. have round, 1lrnt. tlle1·f' exist c:eV<'rf' l~ck~ in the 

bnsic undcr.standin~ of tlH! chcmicfll and phv~dcnl chn1irf"' i.n 1111· 

fjlJrc.« d11rinf~ tlin 1•roC<!f;c;inp; of C-fihrr..., !'ro111 i'llN, J h·1vr 

initi;1tcd sonw ~-:1'1nll TP.S(·~irch pror,r~rnrnf's, \\'hich 

i 111 pr o v r! t h e kn o ,.; 1 o d r; e o f' l ll e b r n ;; i 1 i an l <' n 111 • 
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One of thc:so pror;ra1111nes consist<> ·of tbe modificntion of 

initial PAN-fibres hy A troatnu~nt in nitric acid. ThP. fir!"t 

experimonts have alroaLly shown, that the rnh~ con"<1ont of the 

cycli~ation can bP incre;jsed con~iderablv (e>-1~. 50•{, :for PAN­

f'ibro'3, tre<tlE:d ror 1 hour in hoiline nitric acid, H>%). Tho 

experimental \~Ork consi~ts or the treatme>nt of ni fl'or1~nt P~\N• 

f'ibro t}'pes f'or diff'erent times in nitric acid of variouc; 

concentrations, IR- and elemental analyc;is of the modi:fied 

f'ibros, DTA-oxpei-jmcnts with the treated fibrr.s (evaluntion 

of stabilization kinetics), fc;othrrmal ~tabilization ~xperime>ntR 

and subsequently carbonization and testine of thr. rP~ulting 

carbon :fibres. The experimental part of' this program wi 11 bo 

done mainly by Eng. Arnaldo, because he is already common with 

various analytical techniques to be used in this work. 

Item d 

After my ar!"ival_in Bra•dl, I dic.Jn't see a chance to teach the 

brazilian team by giving some lectures or ~cmin~rs hccauc;e of 

the limited knowledge of the En~li~h languace of th~ 1pam 

members. 

I found a better way to improve the theoretical know1Nlge 

by discussing intensively the rliffprent thPorPtical a~pPct~ of 

the carbon fibre m~nufacturf' u!'ling the expr>ri.mcntie p<>rformed rluring 

my stay as a starting point. Thi~ di~cu~~ion~ COVPTPrl a 

relatively long time of my daily work, but WPTP. cuccecc-full 

because tho lancuage problem~ could bP overcome in lt1f~ way. 

Commonts and rocomrnenda1ions 

My general imprnssion of' the carbon fibre pro,iec1 i~, that i1 

will be possible for the brazilian team with the help of 

UNilJO-oxports, to produce carbon fibre~ with propr•rti e~ com­

parable to those of commercial C-fibres. Thi~ i~ the ca~e, 

i.f tho COUHTAULDS-fibro (S.A.1'"'.) i!'! u~;ed, which b~ a fibro 

especia11{r·or the m;Jnufnctur o of C-fihre. 

Dut I soe probJ0111<:1, if brazfliftn PAN-fibres, which are ~till 

to dovelop, arc ur.ed as procur~;or rnr1terifll. Onlv wit.h n ,;ood 

ba:dc loiow1edeo it will be po,;sibJc to find out thr• .,1dt1lbility 

of now fibre type~. Thnreforo I rocornmond .•,tronr;ly, to brinr~ 

II I I 11 Ill 
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t.11u kuuwluur.e or tllH Ul"d/.il.1..t&l ltl 1.1)C .H:.'<:t1' lllt..lHH u.-. ,, 

.1q~1htt level. Otherwiso also tt1u work of Dr. Nar~abu~hn,,111 

can f'ail. 9 bccau~c a succes or his work depend~ ~trongly 

on cnrcfull and completo experimental stabilization an~ 

carboniz<1tion work in the carbon f'ibre group with tho 

PAN-f'ibres dovoloped by him. 

- - - - -
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