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1. 0- Pa>JTICN AT 'nE TIME: OF ARRIVAL 

I arrived at the Project site Centro Teati.oo Aeroespacial (CTA), sao Jos~ 005 

Canpos, sac Paulo,OO ,l>tJuly 82. My jd:> activities are IW...i.nly to train the 

Project staff in precursor work, polynerization and to act as Qlief Technical 

Adviser of the Project. 

Positirn of the Gro'lJ> 

At the ti.De of 11¥ ani. val, there '#ere: 

- No polynerization actiVities 

- No spinning activities 

- No lab. facilities to cxndu::t eJCperinents 

- No building facilities for precursor gi:c·:t> and surface treatnent group and 

1ec:hnical personnel werr.! insufficient. 

E\ienthough, research activities were going on, heat treat:Irent oo .:.-yst:em:1.tic 

experinents were planned and conducted. Olly one step oxi.daticn and ?le step 

carbcnization was going on using CTA ma.de l:eat treat:Irent ~prcent. 

Olaracterizaticn of the rCM na.terials and end produ:::ts was lacking. 'lhc devel02 

nental activities aft.er tey arrival are herewith brought out year wise. 

2 .0-~AL ACTIVITIES IN THE PRECUP.SOR hDRK 

2.1- Acti vi t.es in 1982 

i - Polynerizatioo Smiles 

For the first tine, the group was trained in the polynerization of 

acrylcnitrile in the presE:'lce of cx::rrD'lall:!rs like methylacr:ylate in 

cqueous nedi.um. Free radical fOlym?rization rrethods were introduced. 

Initiator system sudl as FOtassilltl pe.::sulfate-bisulfite was used to 

polyrrerize the vinylnmaners. 'llle polyrrers s~nthesized were purified 

and dlaracterized by viscometric methods outside PMR/CTA as there were 

no facilities at that time in CTA. 

Table 1 gives SOf!'e of the results of pol~rizations.Meanwhile, in 

August 1982, the lab. irodel wet spinning assembly arrived (S\J?plied by 

tN~_!'X)) at the Project site. As the spir.I'.ing e:<periJrents require larger 

quantity of the polynp..rs, and as CTF-. group had or1ly a srr.311 polyner-

-01-
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izati.on vessals, ie 100 to 200 grarcs capac:::ity and had no a:xronaners, 
it is felt ~t to standardize the spinning expertnents using 

Fi.bras Sinteticas da Bahia S.A. (FISIBAJ SutJPlied cx:mrercial acrylic 

polyners. 'lh2 pol}~ization experinents were postpcned to a later 

date. 'll1e activities were cxm~ttated on spi.ming of acrt lie fibers, 

in order to standardize the spinning aparanel.....:rS. 

TabLa 1 - Results of polynertzatioo -

1 
2 
3 
4 
5 
6 
7 

4.46 
2.45 
2.21 
2 .. 89 
2.84 
3.19 
6.06 

M:naners: accylonitrile: 94% 

Methyl.acrylate: 6% 

ii - studies in Spinning 

/ 

With the arrival of lab. M:ldel wet Spinning ,As5. .:;>ly st.Wiled by wrro, 
the activities started in spinning acryU.c fil>eis using the cx:mnercta! 

accylic polymer st.;JPlied by FISrBA. '!he line diagram of the spi.nni.'lg 

~t is given in Figure l. In order to standardize the working 

an:li. tioo of this equipn:mt, preli.minarY spinning experi.'tlel1ts were 

a:rmenred using 23\ polymer in N N dimethylfonnamide (Il-lF). 'lhe results 

of initial fiber sp:'.nning tNere presented in Table 2. Later, several 

· expertnents were nedP in spi..ming ing variations in the spin pm;> 

speed and sucx:essive coagulation, etc. 

iii - n5C Studies of tM Soun Fibers 

With the availability of lNIOO supplied differential scanning calurirreter, 

it was possible to can:y out prelirninarY studies on CrA spun fibers. 

The results 'NOuld t.l\rollgh light on the cyclization and stabilization 

pararreters. Tne DSC results are prese..-ited in Tc"l!>le 3 • 

-02-
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TABLE 2 - PRELIMINARY SPINNING RESULTS 

SPINNING N'? STRETQI RATIO TENSILE SIB MJDLl.US DENSITY 
Kg/mn2 Kg/nm2 G/m3 

1 2.35 7.6 236 1.17 
2 2.35 19.4 545 1.17 
3 2.25 17.7 600 1.18 
7 3.3 14.3 393 1.18 
8 3.3 43.3 1297 1.16 

9 3.3 35. 7 990 1.17 
10 3.6 39.3 960 1.16 
11 3.6 17.6 408 1.15 
12 3.6 20.95 426 1.15 
13 3.6 17.4 376 1.16 
14 3.5 33.7 937 . 1.15 

15 3.5 33.7 937 l.15 
16 .s 32.2 415 1.18 
17 4 21.4 354 1.19 
18 4 22.5 320 1.19 
19 4 21.8 466 1.18 

20 4 22.1 325 1.17 
21 4 21.6 335 1.17 
22 4 21.9 362 1.17 
23 4 20.2 335 1.17 
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] TABLE 3 - DSC RESULTS OF· CTA SP!.R'l ACRYLIC FIBERS 

1 
SAMPLE ORIER FREQUE.\'CY ACTIVATION · · CDRRELATION 

REACTIOO FACTOR ENERGY 
(n) (min-1) (KJ/rrOL) (\) 

l 1 I.OS 6.0 x 10 101,3 99. 79 
2 1.09 3,0 x 10 99.2 99,S3 
3 1,04 1,9 x 10 96,7 99 ,SO 

J 
'7 1,04 8,3 x 10 104 .z 99.92 , 

I 8 1.02 S.4 x 10 102,2 99,7S 
• 

9 1,06 3.9 x 10 lOO .s· 99.84 

I 10 0,96 3. 8 x 10 100,S 99.85 
11 1,02 4,6 x 10 100,9 99.92 
12 1.01 2,3 x 10 108. 7 99. 71 

I 
13 l,OS 1,6 x 10 106,9 99 ,89 

14 1,08 9,7xl0 104,5 99 .so 
15 1,05 1.9 x 10 107,8 99,84 

1 
16 1,08 2.4 x 10 108,9 99 ,80 
17 1,13 2,8 x 10 109,4·~ 99 ,58 
17A 1.08 8,8 x 10 102,4 99,92 

l 18 1,08 1,2 x 10 105, 7 99,87 
19 1,12 3,7 x 10 99,8 99 ,89 
20 1.13 1,3 x 10 94, 0

L 99,95 
21 1,13 6,5 x 10 102,S 99,92 
22 1.12 5,9 x 10 101,9 99 '76 

22A 1,15 4,3 x 10 100 ,3 99,84 
23 1,15 4,3 x 10 100,3 99 ,84 
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2.2- Activities in 1983 

i - Activities in Spinning at CTA 

Nurerous spinning exper:inents were ClJl'lducted using Lab. M:x3el Wet 

Spinning Asse!'cbly sho.m. in Figure 1. Fbr exarrple, a f0io1 stu:li.cs are 

rrenticned here. 

CASE I 

Polymer cxmrentration : 23% in rMF' 

Stretdl ratio : 5 

Ccrtpa:aitioo of primary ooagulation bath: 50/50 rMF' "20 

Q:np:>siticn of second ooagulation bath : 0-4% I:ME' in water 

c.arpositim of stretch bath 6% IM' in water 

c.atposition of t -ash bath 

Tercperature c::oagulation bath 

Tercperature ~f second ooagulation bath 

Tenperature of hot plate 

: water 

: 1°c 
: 2Soc 

143°c 

-
'1he tenperature of roagul..ati ""n bath was vdr' o.-:- f:'.Om c-e0 c and the 

cnrp::si ticn of c::oagulati.on ·bath was fixed at 4C , rMF' in water, st.retch 

ratio was 4. All other coOOitions were same- as ·in case I. 

In view of t.'le above systematic experi.Itents, case I and II, the fclla.r ..... "lg 

d:>servations were made: 

l-_5eo::l'ld coagulation bath (Figure 1) had an d:>servable effect on the 

?iysical properties of final fibers. 

2- Tensile strength of the fi."lal. fibers found to increase up to a 10% 

IMF ooncentration in the i1d bath (figure 2). 

3- Over and ab::Jve 10% I:ME' ooncentration in the i1d coagulatior. bat."1 the 

tensile strength of the fibers was not effected or had mi.ni:run effect 

(Figure 2). 

4- Young's rrodulus found to increase up to about 30% rMF' ooncentration 

in 2nd coagulation bath (Figure 2). 

5- Young's modulus found to decrease when (Il-1F) was increased above 301. 

(Figure 2). 

6- '!he increase in the coagulation ternpcrat\.lI'e had de1..~easing effect on 

tLe physical properties of the fibf>...r (Figure 3) . 
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Fxan these ooservations, it may be oancluded that slo.1 roagulation would 

yield final fibers with favourable physical prq;:>ert:i.es when the tMF 

ooncentration of the f1d coa.<JUlation bath is less than 30% which could be 

dlE to the further slew diffision of solvent into the 2nd ooagulation 

bath which 'WOUld have :resulted in the increase of proto fibrile density 

whim in tum would reflect in physical prcperties of the final fibers. 

Also it was found lower terrperature in the coagulation bath, would also 

result in high density fibers. 

CASE Ill 

Effect of pH of the cx:>agulaticn bath on :Eflysical prcperties of the 

acrylic fibers. 

Spinning a:nd'l tions : 

Polymer concentration: 24% in r:MF' 

Coagulation bath 50/50 rMF: ap 
Spinnerette hole dia.: 0,08mn 

N9 of holes : 50 

Spin pucp teITperature: 60° c 
Draw ratio 5. 6 

fbt spin terrperature : 143°c -·-· 
") ·. 

Cotposition of stretdl ba~: 6% r:MF', tetp.: J~ C · ·· 

Coagulation bath tenperature: Varied 

pH of the roagulation bat.'1 : Varied 

In each spinning expe.ri.nent, the polyrier dope was filtered before 

introducing into the dope hepper. '1he dope hqJPer a:ntaining the polyrrer 

solutioowas devaccuated before spinning. 

'!be fol.lcwing observations were made: 

- U1der the same pH and at different tenpe.ratures, the cross section of 

the final fibers found to change from kidney shape at ~er pH values, 

ie, pHs 2.8, 3.8, 6.6 to circular at higher pH values, ie, pHs 9.1, 

10.8. 

- K::Jwever, under the same tanperature and in different pH values, there -

was not much effect on the cross section, showing that pH may not 

effect on the structural aspects of the fibers. H::wever, in certain 

cases at high pHs voids are noticed in the c.ptical microscx::py. 

- ~ity decreased with an increase in the pH of the coagulation 

-09- ' 
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bath, thereby· effecting the mechanical prcperties of the final fibers. 

- 'nle increase in pH values fo!Jlld to have diminishing effect in general 

ai tensile strength vall.ES of the fibers. At coagulation t9lperatures 

of 4°c, 1S0c, 20°c, 2s0c a decreasing trend in general was cbserved. 

lbi.lever, there am sate discrepancies in sane places. Overall picture 

is that there is a decreasing effect. 

•· MXhllus values are also in general decreased with increasing pH, 

t£JWeVer, a decrease and increase and decreasing tendencies were 

cbserved. 'llle general trend, h<:7Ne""er, is of decreasing order. 'lhese 

decreasing trends in tensile strength and nodulus Would have resulted 

du:! to decreasing vall.ES of density with increasing pH. 

Effect of spin purp speed, size and speed of take-up godet on fhysical 

prcperties of acrylic fibers 

In wet spi.n..'ri.ng, the <Enier of the fiber depends on several spinning 

para.ttet.e.-Y"S such as, spin punp sp=ed, spin punp size (that oontrole the 

punping of polyzrer dope into the coagulation bath), spinnerette hole 

dianeter, nmber of spinning holes, tak~up speed and hot stretch 

conditions. While keeping all oonditions conc;tant, the fir..eness of the 

fiber could be inproved by increasing t11e nutber of holes of the 

spinnerette. In cases where there are no spi.nnerettes with a higher 

nmber of holes (in our cases we have only 100 holes spinnerette), the 

fineness can be inproved by reducing the spin pmp speed there by 

cx:ntrolling the polyne= putping into the coagulation bath. when this is 

also achieved aax:i.mun the next pa.raneter that can be used to get the 

fine fibers is by reducing the spin pump size. !bNever, when the 

mini.mun size putp has already been used, then the .take-up speed of the 

first godet could be increased which facilitateS to increase the S'!?f£d 

of the subseqlElt godet. 'l1lis will not only give fine fibers, but also 

would increase the speed of production. HaNever, when doing so, one nay 

sacrifice the density of the fiber unless the length of coagulation 

path is increased. ~nthvugh various reports are available in literature 

systematic studies on these pararreters are lacking and also most of thC' 

results a::-e in patent form. In view of this, a systematic stud'/ is 

cx:::llducted using dif fercnt spin pu::ps, spin pmp speeds, ta'<e up roller 

speeds under identical conditions. 
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Spinning oonditJ..ons in case IV were: 

Pol~ conCEntraticn 

Viscosity of spinning soluticn 
at sooe by ball fall rcethod 

Coagulation bath oorrposition 

Spinnerette holes 

Spinneret~ dia. 

Carposi t.:ton of wash batli 

Carposi tion of stretdl bath : 

Tenperature of ooagulation bath : 

23% in J:Mf' 

tine: 23 

50/50 lMF 820 
100 

0,1 nm 

Baths 1 and 3 water 

6% [ME' 

2-3°c 

Telipmltw:e of hot pin . : 170°c 

Maintaing the above spinning a:nditicns, in general, the other variables 

we.re changed as given in Table 4. 

TABLE 4 - SPINNING RESULTS 

SPil-l PG!P SPEED ~OF MAXIMt.M Di::NIER OF 
TARE UP STREIOi THE FIBER 
OOIET 1 OBTA.rnED 

ME:IERS;l·1rnUIE ME:IERS/MINUI'E 

!1 3.0 5 7.0 3.990 en • 

~! 2.0 5 7.0 2.470 
C.M 1.4 5 6.4 1.828 e .s '° 1.4 7 6.7 1.560 0. . 
ti) 

1.4 5 6.2 1.430 
E 1.4 6 5.4 1.370 .... . 
en > 

~M~ 1.4 7 5.7 1.009 

1.4 7 6.0 1.020 
0. tl 
s:: q 1.4 7 6.3 0.970 
~ 

. 
1.4 8· 5.6 0.960 

Using spin purrp of size 0 ,6 an3 j'Pev when the speed of the spin pmp ~s 
~ a stretch ratio of 7 oould be ootained which resulted in a denier 

of 3.99. When the spin pt.mp is further reduced to 2M/m a stretch ratio 

of 7 is achi~d (diffic-Jlt) , but the denier of the fiber reduced. A 

further reductioo resulted in a decrease of stretch ratio but denier of 

the fiber reduced to 1.828. This shews that a decrease in rate of 
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TABLES - BEST SPINNING RESULTS OF 1983 (LAB. MODEL) 

STRETCH RATIO DEN!ER TENSILE STRENGTH 
GP a 

5.6 3.79 0.36 

EARLY 1983 5.6 8.20 0.38 

5.6 l.92 0.34 

-
4.9 1.35 0.28 

5.7 1.00 0.34 

2nd HALF OF 1983 6.0 1.02 0.28 

6.3 n.q1· 0.421 
I. i •• 

5.6 0 .. 94 ... "· 0.349 

- - - -

·--
MODULUS 

C!'a 

5.8 

5.4 

7.8 

7. 72 
9.24 
8.04 
7.73 
9.86 



punpi..ng of p:>lyrrer into t.Jie coag-..tlatioo would yield finer fiber kee?ing 

al other spiming c:::nditioos CXlllStant. Ha.lever, the reduction in the 

speed of the puup will iJrpose a mnstrain in t:·ie maxinun cbtainable 
. - . 

stretch rcatio keeping stretch bath a:nditions aJnStant. Beycnd these 

limits the fibers were breaking in the stretch bath. Ibiever, by 

increasing the take-up godet to Sm/m to 7m/m a slight raise in stretch 

ratio and denier oould be achieved. 

When the pmp size was further decreased fl:an 0.6 to 0.4 an
3 /Bi.£''1. still 

finer fibers could be cbtained. 1>iS sham :in Table 4, when the take-t;> 

godet speed is dlanged, very fine fibers oould be cbtained. 

1bever', the rise :in the speed of take-~ godet would i.r.pooe sooe 

restriction in spinning. A quicker reroval of the fiber from the 

coagulation bath might effect the density of the fiber whidl may in tum 

result :in weaker fibers. In such case, one should cx:npensate by :increasing 

the magulatiC!l path. 

en the basis of these experiments, the follOVii.rig conclusicr.s were maC2: 

--· 
- A decrease in size of the spin pt.mp would yield ~ fiber due to the 

reduction in the pmp:ing of polyner :into the c:oagulaticn bath. 

- Ie:::rease in spin pmp speed would also yield finer fibers due to the 

above reason. 

- care slx:>ul.d be taken to ronpensate the residence ti.Ire of proto fiber 

in the coagulaticn bath by increasing spinning path. 

- 'lhe .reducticn in sp:in pmp size and spin pmp speed w"Ould i.r!po;e 

restrictia".s on cbtainable drarl ratio. 

Later en hundreds of experiments were conducted. '!he variations in 

spinning pararreters included spin pmp speeds, no of holes in the 

spinnerette, size of \:he spinnerette hole, ~ CXlt{X)Sition, etc. '!be 

best spinning results of 1983 are represented in Table S. 'lhe results 

during the later half vf the year are oonparahle with sare of oomrercial 
fibers. 

. 
ii - §Pinning Activities at FISIBA. (Fibras Sinteticas da Bahia S.A., ca.~ari, 

Bahia) 

M?anwhi.le the pilot plant spinning assembly sUtyplled by ~:roo h4ls 

arrived. '!his was asserr.bled at the previously agreed site FISII?.A.. The 

-13-
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visit of Prof. Falkai was planned at the final stages of the cx:mnissioo

ing of this ~ptett.. Myself a.'ld Dr }=t.!kai visih..~ again the FISIBA., 

and the pilot plant spir.ning assenbly site and rectified the snal.l defects 

and started the initial spinning e.-cperi.nen~. 'Ille FISIBA scientists were 

trained in several of the~ e.~ts. FISIBA, though a fiber 

produc:in<J industi:y had no pz:ev:ious wet spinning expen.e:ice · '!hey were 

trained in understand:ing the spinning 'Xlldi tions and crucial points. 'Ille 

prelimi..nary spinning results at FISIBA ta.rards the end of 1983 are 

presented in Table 6. After the p~lim:i.nai:y testing in FISIBA. at the 

plant site remaining tests like density neasurenents were perfomt.: at 

CrA. In 'T.i.ew of the fact that the de.."'lSi ty of the fiber was less it was 

advioed to them to perfonn a set experinents c:>nsisting the variatia>s 

in polyner a::xrpos!.don. 'Ihe experienc~ in the bench scale experinents 

at FISIBA enabled t.o identity and to i.rrprove the propo-Ities of fibers 

in the pilot plant. Al.so, the scientists ·-~.rained at CTA by me and Falkai. 

f~..her helped the FISIPA people in cxmni.ssioning the preliminary 

spi."'liling exper:inents. In viei of mutual cxnfActs between CrA scientists 

and FISIPA pE?C?le, the p~es of the fi.bels at the pilot plarit were 

i.r.proved. 'll-.ese a:ntacts and t~ interest si:nvn by FISIBA. were sl.o.-lly 

grc:Ming and FISIBA ar.d its parent organi.zatioo q;JPENE - Petmquimi.ca 

oo Nordeste S .A. were ~' ... .mding the pote.. '"~-L~· of carlxJn fibers. '!his 

is very good for a project of this type for fu· :=ti~ industrialization of 

this tedmology in the oountty. 

TABLE 6 - PRELIMINARY SPINNING h.ESULTS AT PILOr PLM'T IN FISIBA. 

Spiruiing Stretch Final . TS ?tbdulus Density 
n9 Der.ier GP a GP a 

1 4 5.77 2.22 

2 2.99 3.1 1.616 x 10-1 4.31 1.43 

3 3 2.2 2.449 x io-1 5.292 1.14 

4 4.11 1.9 2. 111 x 10-1 5.542 1.14 

5 4.47 1.9 3.163 x io-1 6.119 1.13 

6 4.94 1.84 3.21 x 10-1 S.36 1.18 

-14-
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2.3 - 1\c'..ivities in 1984 

i - Spinning Activities at m 

In o:rOOr to OO.."lduct the prr:>li.rni.nary heat treatnEnt experirtents on CTA 

spun fibers, the fibers we.re spun with selected best oonditions of 1983 

in larger quantities. Single spinnings were conducted f0r 7-8 hours 

with lab spinning assenbly at cm. This time constrain is because of 

the d:lpe container capacity. fbolev'2.r, the fibers were thus spun for 

prolalged tines in a r urrber of tines keeping the spinning parameters 

constant. 'Ihe sp.innerette used at CrA. had cnly a mi.r.iim.rn of 100 holes. 

'lhus the fibers fn:m a nunber of l:d:bins were pooled together. 'lb make 

this, the prec'..lrsor group oonstructed an equi:prrent. 'lhese fibers were 

pooled _:into a b..-w consisting of at least iooo filaments and preliminacy 

heat treatment experinents were oonducteC at CTA. qxm t.~ analysis of 

prelimi.nar results on the heat treatnent of the CTA spun fibers, it 

was falt necessary: 

- To increase the densi f::!.J of t.11e fiber 

- To further stretch the fibo..rs while spil".nini;. 
-

- -· 
In view of these d:>servaticns, a set of spiJ_ L.::J r•••:periroents were 

designed by ne to increase the der.sicy of the ~ j::y:r and to heat stretd1 
·-

tb~ fi.b<:»-r in spinning. These included the spirming wi. th increased 

C!q1e cx:ncxmtrations and increase path l.enq'-..h of coagulation bath. 

ii - §pjnning Activities in FISIBA 

qx::n l'l!f advire to change the spinning cx:nditians. such as dope oonrentra

tioo, etc., FISIBA people have spun fibers again. '!be spun fibers were 

sent to CTA. 'lhe results of the fibers are qi ve.11 belcw in Table 7. 

_, r:__ 
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TABIE 7 - SPlNNING RESULTS AT FISIPA IN 1984 

SPINN1NG NQ FINAL DENIER TS MX>ULUS DENSITY' 
GPa x 10-l GP a 

7 1.64 3.53 6.258 1.19 

1.71 8.19 5.75 1.15 

iii - Studies in Polvrreriza.ticns 

~le the lNIIX> supplied polyneriza.ticn reactors dlernical reagents, 

initiators and m:n:1rers arrived at . ~, polyneriza.tion experiltents 

were cx:nducted in smaller scale initially using twc ronarers, ie 

acrylonitri.le and nethylacrylate, and acrylonitrile, methylacrylate 

and itaoonic acid. 'lhe smaller scale polynerizations were of 1 litre 

capacity. 'i":JE:Se polynerizations were oonducted in aqmus rnediun. The . 
polyr.eris were filtered, dried and characterized. 'll1e results are given 

in Tables 8 and 9. 
· .. ::-. 
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nBU: 8 - W:.O:,'tJL.."'S OF POLYMERIZt'\TIOO c:x::NDU:TfD IN 1 LITER CAPACITY USING 
r~w::> MN:r-1ERS, ie ACRYianTRILE RID Mf!l'"riYI.ACRfiATE 

EXPEIUMENl'S llN Ml\ TEMPER.. TIME QCWIT. YIELD 
(%} (%) <°C) (h) (g) (%) 

A-1 97 3 40- 5 104,70 S2,35 
2 97 3 35 5 84,91 42,455 
3 97 3 40 5 171,52 85,76 
4 97 3 so 5 171,50 ~S,75 

5 97 3 60 5 173,94 86,97 
6 97 3 70 5 164,71 82,355 
7 97 3 80 s 172,00 86,00 

B-8 96 4 40 5 71,71 35,855 
9 96 4 60 5 109,77 S4,885 

10 96 4 so - s 157, 72 78,86 
11 96 4 70 5 185,24 I 92,62 
12 96 4 80 5 179,11 89,555 

c- 13 95 5 40 5 29,95 14,975 
14 95 5 40 5 58,73 29,365 
15 95 5 so 5 26,84 13,42 
16 95 5 70 5 142,40 71,20 
17 95 5 80 5 165,10 82,55 
18 95 s 60 5_~: 83,56 41,78 

D- 19 98 2 40 !:> 53,57 I 26,785 
20 98 2 so C" 

21 98 2 ·60 ~ -

I 
-

22 98 2 70 5 
23 98 2 80 5 

E- 24 99 1 50 5 
25 99 1 70 5 
26 99 1 40 5 
27 99 1 60 5 
28 99 ·l 80 5 

. 
I 
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'nWLE 9 - I£SULTS OF POLYf'A..EP.IZA.L.'"ICN CllIDlCl'ED IN 1 LITER ~ACTf'i USING 
THREE ~rNCM:RS - Acm..".U:NITRIIA. (AN) , Mfil'HYL ACRYLl\TE (MA) 
AND ITACOITC ACID {!Th} 

EXP.ERDtENTS J\N ~ . lTA TEMPER. Til-1E Ql.Wfi'. YIEW 
(%) (%) (%) <°C> (h) ·cg> (%) 

A- 29 : 96 3 . 1 40...,. 5 •· 

30 96 3 1 60 5 
31 96 3 1 70 5 
32 96 3 1 50 5 
33 96 3 1 80 5 

B - 34 95 -it- 1 so 5 
35 95 4 1 60 5 
36 9S 4 l 70 5 
37 9S 4 1 ·40 5 
38 95 4 1 80 . 5 
39 95 4 1 80 5 

c - 40 94 5 1 70 5 
41 94 5 l 60 5 
42 94 5 1 80 5 . 
43 94 5 1 40 5 
44 94 5 1 so 5 

D - 45 94 4 2 ~'.) 
. j::: 5 

46 94 4 2 40 . I ·5 

47 94 4 2 60 5 
48 94 4 2 70. - 5 
49 94 4 2 80 5 

E - SO 94 3 2 40 5 I 

51 94 3 2 60 5 
52 94 3 2 so 5 
53 94 3 2 70 5 
S4 94 3 2 80 5 

F - 55 95 3 2 40 5 
56 95 3 2 50 5 
57 95 3 2 60 
58 95 3 2 70 5 
59 95 3 2 80 5 

I 
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iv - Planning in Polyreri"?ations 

Also several of the polyneri.zations were planned and the folla·:ing 

plan was given to the precursor gi:oq;>: 

Planned Polynerizaticn Experiltents: 

- Polynerizatioo in ooe liter capacity - variation in tenperature 

- Polynerizatioo in ooe liter capacity - a:nstant t:.er.perature -

- Polyneri.zaticn of acrylcnitrile in - variation in tenperature 
the presence of two cx:m:>ncaeIS (third nononer) 

- Polynerizatioo of acrylonitrile in - CXJnStant ~ture 
the presence of two CDTOnooers 

- Polynerizaticn of acrylonitrile in - variations in tenperature 
the presence of two cxxronarers (third rronare.r) 

- Polynerization of acrylcnitrile in - a:nstant terrperature 
the presence of two CXJtQlaler5 (third noncmar) 

- Olaracterization of these oopolyrrers 

v - Scaling i;> of Polynerization to Higher caoacity 

A - Scale up of acrylic polymerizations (using rronaterS, acrylonitrile 

and :rrethylaccylate) to 5 liter capacity s~uld be oontinued. 

B - Scale up of acrylic polyr.erizations {using rronarers, acrylonitrile, 

Jrethylac:cylate and itaoonic acid) should be oontinued after the 

analysis of the preli.minacy results. 

2.4- Additicnal Spinning Studies 

i - Spinning of CTA .Aaylic ?olyrter§i 

In future, the best of CI'A polyners have to be spun using the previous 

and rn:::x:lified spinning parameters. The group was advised by ne on this. 

I have also advised the group to prepare polyrrers of type B in 10 liter 

capacity after looking at the initially spun A and B CTA polyirers. 

'Ihese polyners have to spun using the previously developed spinning 

conditions. 

ii - Planning in New Soiming r-~thods 

Spinning of acrylics polyrrers using inorganic spinning :;olvents: 

I have advised and gave the planned sheets of the type enclosed to spin 

-19-
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the a.:::ry lie fibers using inorganic solvents. Inorganic solvents would 

pez!l'it in using high spinning te!r{lerature in the ooagulation bath 

which •'10Uld result in c:ircUlarity in cross section of sptm fibers. 

'lhese .inorganic solvents oould be sodium t.lri.ocynat.e and zinc chloside. 

Iepresentative pla.-med shee~ am enclosed as Tables 10 and 11. 
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3.0 - D;velo;-..7:ent J.r....ivities in P..:at 'l'reatnent 

'. ~ · 3.1- .i:l..~....ivi.ties i..'1 1982 

i - Position at the Ti.roe of mv A..""ti. '\ral 

Just before my arrival, the previous Oli.ef TeClnical Adviser, Dr O.P.Bahl 

left the Project. At Ce.11tro Tecmoo Aeroes;>acial, the he.at treat:Jrent 

activi.tiP.s were aba."'ldoned en FIS!&. oomrercial grade fibers, the research 

and develqxrental activities started alreaey usLrig i.rrported special 

grade acrylic fibe...-s SUfJPlied h'.f Courtaulds, England. At this time, t.l-ie 

devel~.e!'ltal activities on heat treatnent were ronduc'-...ed using the 

heat treat::rer1t syst:en of the t}>pe sh~.n in Figure 4. '!he best results 

on FISIBA fibers at the end of 1981 are s:tia.m in Table 12. 

ii - Activities A=.ter wy Arrival 

Se'\.-eral stw...ies were cond-.icted in 1982. Several of the ~ameters in 

heat treatrrents •...-ere chanqed due t-:> t.11e acvi.ces cf ct.he?:" experts who 
-· 

visited t."le project site. 'lhe studies were ronCP...ntrated r..a.inly using 

Courtauld 's SAF precursor. Several of experi..'!elts were ronducted in 

heat treatr..ent. 

Tcbles 13and14 and figures 5 and 6 show sor:e of the initial st.lilies on 

Courtauld's fibers oo the effect of heat treatnent ter.perature on tensile 

strength and nOdulus. 'Ihe best results of heat treatme..11t studies in 

1982 are represented in Table 14A(conti.noous process) and table 14B 

(disronti.nuous process).· 1'.lso, in order to find out the effect of air 

flux during oxidation stage, several experinents were oonduc:ed both in 

the presence .3.Ild absecne of rroved air. The results are presented in 

Table 15. 

--·· 
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11\BIE 12 - BEST RESULTS OF 1981 - ONE STEP OXIDATION (FISIBA PRECURSOR) 

OX JOA Tl ON CARBON I ZATION CARBON FIBERS PROPERTIES 

ELOUGAT ION TEMPERATURE RES. TIME ATMOSPHERE TEMPERATURE RES. TIME ATMOSPHERE T.S. MODULUS 
:( oc MIN. oc MIN. 

t7 230 180 . AJR 1000 120 ARGON 200x103 PSi 20xl06 P?i 
l, 38 GP a 138 GPa 

•6 220 220 FORCED 1000 120 ARGON 345x103 PSi 26x106PSi 
AIR 2.30 GPa 180 GPa 

... . 
( . 

. · 

• . . 
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oc 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1800 

2000 

2250 

2500 

TABLE 13 - Ltl:°EC' OF CAP.B:NIZA'..I'ICN 'G·l!?ERA..i.'"'L1RE 

DENSIT1 CROSS AREA ~SILE STRB'G'IH TENSILE ~OruLUS 
gf ar.3 

r "\ 
(G?a) (GPa) lo-:> m-

l,80 37.3 1,7 ! 0,5 180 ! 27 

1,76 36.9 
+ 190 : 22 2.1 -.0,6 
+ 180 : 23 1,76 37,1 2.2 - 0,5 

!.,75 36.3 
+ 200 : 25 2,6 - 0.7 

1.75 35,4 
+ 212 :!: 31 2,7 - 0,6 

1,75 34.8 
+ 215 : 29 Z.l - 0,6 

1, 77 35,3 
+ + 

1,6 - 0,4 215 - 23 

35,S 
+ + -

1, 77 1,6 - 0,5 216 - 2..> 
+ ··-· 

r + 2 
1.79 34,S 1,5 - 0,4 . ~ 24:> - 9 

+ ii2 :!: 36 1,81 34,8 1.8 - 0,4 

1.86 33,S 
+ + -1,9 - 0,5 279 - ..>6 

--- ' ... 
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TABIB 14 - EEFECr OF STI£rCl L"'.JRING CARECNIZATIU'1 

STRETOI DENSilY CID~ J~I\ TENSILE STRE.:Gill re~SILE ~ODULUS 

\ g/cm3 lo--> trat- (GPa) (G>a) 

0 l,80 38,4 
+ 176 : 30 z.1 - o.4 

5 1,78 35.4 2.2 ! 0,4 199 ! 35 

10 1. 71 35.1 2,S ! 0,3 203 :! 19 

15 32,9 
+ 210 :! ZS 1,78 2,8 - 0.4 . 
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CU~TINUOUS PROCESS 

1
.£1.oi~ 
l'nE-S 

I 
I 
I 

... tJ 

-
AT ION 
TRETClt 

TEMPERATURE 
PRE-SrnETCH 

oc 
-· 

190 

TABLE l4A- BEST RESULTS OF 1982 (COURTAULDS SAF PAN) 

PRE-OX ID. OXID!'\TION RES. TIME RES. TIME ATM. TEMP. RES. TIME ATM. 
TEMP. TEMP. PRE-OX ID. OXID. CARB. CARB. CARS. 
oc oc MIN. MIN. * oc MIN. 

220 230 60 120 Al R 1100 120 ARGON 

* SllRINl<AGE = (8-9)% 

.'l'ADLE 140 - BEST RESUL'l'S OF 1982 (CX>Ulll'AU!DS SAF PAN) 

DISCONTINUOUS PROCESS 

EL1)14Gi\ TI ON TEMPERATURE RES, TIME ATMOSPllERE TEMPrnA TURE RES. TIME ATMOSPHERE T.S. 
OXIO. OXID. OXIO. CARB. CARB. 

Of QC MIN. * Oc MIN. .. 

T.S. MODULUS 

275x103 PSi 21 x106 PSi 
1, 90 GPa 145 Cii'a 

MODULUS 

.. 
350x103 PSi 2,8x106 PSi t6 220 200 FOHCEO 1100 '.· 120 ARGON 

AIR 240 GPa 193 GPa 

11 SllRINKJ\GE :: (8-9)% -

,. .... :' o••"' "'' 0• ,,. .,, ... _, .. "'•I "''I' tot, f •• 
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TABIE 15 - EFI;a:"r OF AIR F'I.UX °" TUE PHYSICAL PROPER'rIES OF ~ FIBERS 

WI'11k'JUf AIR FLUX 

St retching 
190°C 230°C 265°C l000°C l000°C iooo0 c l000°C l000°C 

R:itio fuusity Weight/m l\lnsi ty Wcight/m llcnsi. i:y Woight/111 Dcnsj ty \\'eight/m C1·oss Arca Tensile Tensile 
(\) 

(!!/C1113) (g/cm3) (g/cm3) (g/cm3) (µm2) 
Strength ~bdulus 

(mg) (mg) (mg) (mg) (GPu) (GPu) 

-s 1,21 779 l, 35 806 l, ,13 795 1, 77 451 42,5 + 2,4-0,7 1!>9 ! 32 

0 l. 21 711 1,35 749 l, '13 755 l, 77 422 39 I 7 + 2,0-0,6 •204 ! 28 .. . 
... 5 1,21 6!JO l, 35 698 l I 43 725 1, 77 404 38,0 + 2,2-0,7 214 ! 52 

1-ll) 1,21 668 1,35 693 1,43 707 1, 77 400 37,7 2,8!0,4 220 ! 30 

Willi FLUX OF 35L AIH/MIN. 

-5 1,21 765 1,32 816 1,46 793 1,75 450 42,8 + 2,1-0,4 166 ! 16. 

0 l,21 740 1,30 7!>8 1,46 ?80 1,75 4'35 41,7 1,s!o,s 156 ! 25 

... 5 1,21 714 1, 30 714 1,46 727 1,75 413 39 ,3 + 2,0-0,6 188 ! 28 

•10 1,21 673 _l, 30 67'1 l .4~'. ~93 1,75 405 38,6 2,1!0,s .\97 ! 19 
'." 

.. . . 

. ................... _. ...... .. "'' ··-- ....... ..,... ............ -·· ·-· .......... ...., .. '·'. ., ...... . 
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3.2- Ac""...i;.."i.~es in 1983 

• '· In vie..; o:: the so-far gained e>:;:>eriencc, a few l'!Udificaticns were 

effected i."l the design of tl-te eY.isting lab. nodel processing equi~"lt. 

For easy handling and te.~_rature oontrol, the e.v.isting stabilizatio:·, 

furnace was cut into tlN'D. rnrro ::~lied ~"'"ios were inti:oduCEd in 

between the furnaces for ecsy cx:nuolling of the rrovenent of t..li.e :fibe..r 

during p:roa:ssing. 'Ihe nrxli::ied versions are sho..vn in Fig. 7 and 7A whid1 

also include ti'le winding equii;m:mt supplied by lNIDJ. 

~le CTA/PMR has built a new building for the carbon fiber group, 

the oxidation and carl>cnization processing equipm=.'1t was asserrbled i..1 

line for the oontinuous processing in the new building. 

In view of the seve:ral of the expe._-iments CXlllductee by the gr0~ ~""'-;.:: 

due to availability of useful results, I inspired t11e grot;> to preser1i... 

the results in fae Arrerica'1 Carbon Society in 1983 in San Diego. 'Il).e 

grou;> and r::yself ide."ltifieC. the subject and rore vigorous studies were 

cx:ndu...-ted 0.1 t..11ese lines. Also the e~....rt. Th.!-DeEe;.- • .... -as Vo_ry much 

helpful in this vc...ntu...-e. Prof. Fitzer had al!..J a--:-'-:ili'·:·aged the gro~. 

'!his is fo~ the first tine t."le crA/PMR Carbon Fi!:>e.,.. ~u;> presenting 

results in an outside ca:i::erence. In vie,, of these effects, a paper 

C.imnex I) was prese:1ted. The results were appreciated by the participants 

in the Ccnference. 

3.3- .Activities in 1984 

i - Studies L'1 Heat Tre3t:ment 

As pea.r the advice cf the ~-rt Dr Ka1nin, experiments were ronducted 

by rrodifying the processing conditions. The lt\lln ~ct of these 

studies were rro:!ified stabilization tenperatures. Stabilization studies 

were conducted at three stabilization te.-r;:eratures, ie, 220-230°c, 

2S!r270°c and 270-300°c. From t.~e studies it was observed that closer 

the individual furnaces, better properties were obtai:led. DSC experiments 

were oondu~...ed at e"-ezy stage of heat treat!:lent. So.-:E of the results 

using three stabilization e.x:X?ri.'T'P...nts are prese."lt.ed in Table 16 and 

Figures 8 and 9. 

In order to explore the addi ticnal o;.:id:i.nts, studic::; were c.onJucted 

... 
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FIGURE 7A - NEN JNSTALLJ\TlON or~ CAR\30N FIBER PROCESSING EQUIPMENT 

0,6111 f.] 0,8m l,Om 0,8111 l,Sm 0,8111 --,-=---o-+-· __ , __ o~-- J---o 
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I 11 Ill I\' \' \'I 
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IV - trio n9 2 

" - :>tnb il i za ti on fumucc n9 1 
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Vil - stabili:ntion furnace n9 2 

VIII- trio n9 4 
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... 16 - RESULTS OF CARBONIZATION USING 3 STAGES STABILIZATION 

I STEP II ·STEP I I I STEP IV 
TOGE'llU:R SEPAHcTED 

-
T · . 0 c Cii!perature 2UOA 200" 24oc 230A 2'.lO 

B 28UC 26SA 2803 3ooc l. lOOA l. IOOH l .lOOC l. lOOA 1.1008 l. lOOC 

l.J ! i~<H' Jeus it y 676 676 723 708 708 732 718 704 697 382 :SS! 350 371 344 356 l li1:_;/111) 
-

Vol lutli! lk:11sily 
(don3} 1,22 l,22 1,36 l,38 1,38 ,l,116 1,45 1,48 J.' 51 1,14 1, 72 l, 72 1, 72 1, 70 l, 76 
--
D:~i.: l'c::>t 217 217 245 255 255 310 'It 'It 'It 

l'\:) 
I 

~ .... tm (OC) 308 308 328 lll 
I 

343 3·13· 350 "' 'It ~ 

---
LI'. (0 l:) 2,79 2,79 0,763 0,550 0,550 0,210 ~· • .. 

You11~ '::> m.)dul us 10,6 10,6 7,2 8,34 8,311 6,47 9 ,32 9,12 9,05 220 197 192 214 184 187 ( CPet) 

T1.:ns i le s trcngth 0,58 O,!lS 0,31 0, 35 0 ,35 0, 21 0,24 0,22 0,21 2,58 2,47 2,39 2,30 2,22 2,31 j Cl'<t) 
·-· 

A B c A 13 c .. f\ B c A B c A B c 
I I 

I 
I 

I · 1 

I 
I _j I 

I j 
I 

I 
I 

• 0:>1nplet,c I 
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using N02 as the oxid.~ts. It ~ obser:i't?d that N0
2 

stabilization 

did not ~.nve the ~hys.i.cal pi.-opcr'"'....ies. These results w~re prese..'1ted 

in carbon 84 Ccnfcrer:ce in Franc.e (Ar.r.ax II} . 

. .. 

-Je-



ii - Acti.viti~ in Oxidized Polyacrylonitrile (Pl\N--Ox} 

PAN-Ox is a good slbsti.tute lbr Asbestos. It is a heat resistant material 

and has several of industrial awlicatioos. S<A-a:! of the cxnpanies which 

participated in the Conference at CTA were interested to use oxidized 

polyaci:y lonitrile fiber as ~Y resistant materials. A OC1lpa1ly 

ASBERIT has tested CTA PAN-Ot .material and we.:..-e pleased to infcmn us 

that it can be used and they have a demand of 60 t:cn per year. 'lhe 

piysical pi:q>erties of this PAN-Ox are given in Table 17. As per the 

requirenr::!nt of the ASBERIT o:::mpany alx>ut 3. 0 Kg of the processed 

PA.l'Hlx fiber were sent for testing at ASBElUT C.O. 

TABLE 17 - PHYSICAL PRJPERtlES OF CTA 
OXIDIZFD FIBER 

Fiber rn : CrA PAN OX-1 

Tensile strength : 0.175 GPa 

M:ldulus : 6.577 GPa 

Density : 1.498 g/an3 

Denier 1.0888 --· 
Elongation 10% 

, 

N9 of fil.arrents 18000 

Tenaci~J 1. 3 gm/denier 

1.29 gm/dtex 

Breaking strength 1. 57 gm , 
Fil.anent dtex : 1.2088 

Heating tenp.final: 300°c, (first 230) 

Residence time 120 minutes 

4.0 - Develocnental Activities in Surface Treatr.ent 

Surface treatr.ent of cartx>n fibers is Vert inp:>rtant to f o:rm 9X>d 
CXXtpOSite With resin. The oonding of resin to the fiber depends mainly 

oo the groups present on the surface of the carbcn fibers. Poor bending 

results, poor properties in final c:crrposites. '!he surface treatnent 

to carbon fiber is done by different methods. For exaJll>le, electrolytic 

oXidation, acid treatment alkali electrolysis, thennal oXidatioo, etc. 

In our group we have initiated surface treatrne.'lt by electrolytic 

processo. 
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------

4.1 - A....--t.i;.'ities in 1982 

• ~ · At the ti.Ile of n:y an:i val, a few e.~-I:" .... 'rents were already ronducted 

\Sing nitric acid for the surface t..reatr.e.11t of the carix>n fibers. 

Due to ncn availability of unifo:mly pnx:ESSed ca..>'bcn fiber, the 

cevelqxrental aC-...ivities Wo-re post;x:xied. Ho.Never, atten;>ts we ... --e r.a~ 

to aa;JUi.re the i:raterials and persamel for this dev-elc.prent. 

4.2 - Activities in 1983 

With the forrnatia., of a group in surface treatment, t.'lie acti vi ti.es 

restarted. Anodic oxidation equi.prent was assembled by the Cl'A group 

in view of the information and assistance given by_ WIOO e>:po..xts, a 

few surface treatne.11t experimmts w:=-_.re mnducted using cm processed 

carlxln fibers. A 20% smphuri.c acid was used as the electrolyte. About 

125 neters of the fiber was surface treated.. lhidirectionaj. cni;x:>sites 

were made using epoX'f resin DER 383 (Il:::M) and cu_ri.ng agent Dc:H SO (rh· 
'lhese carposites wa.re tested. In the st.Os~t e>:pa-r'....nents, t..~e grel?hii:e 

elect ... ""Ode used earlier was replaced. M:xlifications were made using 

glassy carlxm t'lbe made out of polyperfura l alcr.tlol 'resin in CTA. Also 

sWsequently several other nndi.ficati.ons were rrade in the electrolT"..ic 

cell. Also the ex::>eti.iBltal ciondit.oos such as currant cler-.sity, 

electroly--....e were changed and several of the e."<perime.'lts were c::>nduct:-.od. 

Meanwhile, it is felt that we should get untreated carl:x:n fibers f.rom a 

cx:mrercial fi.nn and surface treat them in order to standardize t."'ie 

surface treatment work. In ·view of our latest oontacts with R.'< T~...i.les 

UK, sanple of the untreated carbon fiber was cbtained and surface 

treated Wi. th i.I?proved parameters. 'Ihe Tables 18, 19, 20, 21 a."ld ?1 

sh°'1S sate of the results of surface treatne.'lt. 



TABLE 18 - TYPES OF FIBERS USED FOR 
SURFACE ~:a.."T 

l 

2 

3 

4 

5 

TYPE OF FIBrnS 

PMR 428 

PMR 429 

PMR 432 

SIGIW'IL 

RK 

TABLE 19 - DENSITIES OF S'tffiFACE TPEA-"'ED AND 
U..'TPEATED FIBEBS 

~!4>LE NON S'v?~..CE: TREATED SUP.FACE TRE'A'IBO 
g/an3 g/an3 ---~ 

l 1,75 l,i8 

2 1,75 1,76 

3 1,75 1,79 

4 1,78 

5 1,74 1,74 
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TABLE 20 - PFOPE..a'i:ES OF SINGLE F'IIN-~'TS 

S-1-!t. LE ~-!Dt'l' 'lE.fSILE M)DUUJS 

STRENGI'H 
(GPa) E (GPa) 

l NT 2,4 ·190 

T 2,19 171 

2 Nr 2,4 190 

T 3,1 186 

3 NT 2,7 190 

T 2,56 188 

4 T 2,34 196 

5 NT 3,25 222 

T 2,20 212 

NT= Non-surface treated 

T = Surf ace treated • J 

TJ..BLE 21 - PF..2PE?.I'r-='S CF CAROCH FIBERS/EPOXY ~Dl 
<:D1POSITE.5 (v'OLU·IE .FPJ..CTICN: ArOt.."ID 60%) 

51\MPIE 

l 

2 

3 

4 

'l'RF.A'.l!·!ENT 

NT. 

T 

T 

NT 

T 

T 

,., -..... -

.FLE:<C;'"PAL STRENGTH M)CXJLUS 
FS (Ml?a) E (GPa) 

lUl 70 

988 80,5 

973 79,5 

1614 ll7,5 

UCO 81,2 

1520 123, 7 

. 
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Table 22- INrERLAMINAR SHEAR STRENGIH - IL.55 

SAMPLE AND TREATMFl.ff ILS.5 (MPa) 

2 T 45,3 

3 T 42,0 

4 T 54,l 

s 1\41 41,1 

S T (step 1) 49 .8 

S T (step 2) 46,3 
--· S T (step 3) 40,6 • J . 

5 T (step 4) so, 5 

(Steps 1 to 4 = different current densities) 
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4.3 - Activities in 1984 

i - Pilot Plant Surface Treatnent Ag>aratus 

Eve.'1though currantly batch scale surface treatnent work is goin en in 

order to fix the surface treatnent pararreters, the final cbjecti.ve is 

to introduce a surface treatxrent equipnent in line with the carlxnization 

processing equi?t£!llt. Such as equiplellt should be able to process· 6 K -

tcw at the rate of l to 30 rrv'h.. After a detail analysis a cell was 

designed. O:lntacts were also made with local carpanies for the cnnstruc

tioo of this a:ll. '!his cell after carpletim will lcx:k like figure 10. 

ii - Sizing 

. 

An equipaent has been fabricated for the sizmg of the surfaa: treated 

carbon fibers. '!his will also go oo line in the total carlxlnizaticn 

e:Jllitm=nt. A f&1 batdl scale experinents were al.ready perfor.red for 

sizi.tg using 2% e;x:>xy resin DER 757 (D:w) dissolved in acet'.)ne •. 

-. 
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In oreer to eY.pJSe the local scientists about the e>..1:ensi ve applicati.on.5 

of caJ:bon fibers arxi to consolidate hith~....o cbtained results in PMR/c."m, 

an international cxmference cn:the·applications of cari:x:>n fibers was 

planned to -nE!"-=ne!d-:uf't.IA UW:ifig"Tee 1983~p=of=e:rn, 

UNIOO and lli..TJ:SS'ID. About nine experts in the field were invited to give 

conference lectures on applications of camon fibers in t""teir respective 

countries. 'Ihe deliberations we-re held in CTA fran 5th Dec - 7tl} Dec. 

Also participants from developing countries l.:.ke Argentina, Olina, 

F.gypt, Korea and Mexico have participated and benefited by the conference 

proceclings . .About 2U participants fran Brazil attended the confere.'1:::e. 

Cn 8th and 9th Dec m-.'IlX>, UND?, UNFSSID repreze.>tati ves tcget'1er with 

the invited e.~....s visited FISIBA to witness t.11e devela;aental 
.-~ ~ 

activities on u~·!IOO supplied pilot plant spir_n.ing ·asset?ly. '!he final 

conference rep::>rt is enclosed as Annex III. 

6.0- ProJECT ACTIVITIES - ~AL 

'lhe general aspects of Project develq:mental activities were reported 

to ONIP in fonn half yearly ~ogress rep:>rts and to lNIOO in foDTI 

Project Ev.:lluation Peports. 

7. 0- AW>LYSIS 

Detailed analysis with respect to t.11e outputs activities and c:bjectivcs 

'Ne.re brou:f,i.t out in t."1e latest UNIOO Project Evaluation P.eport, 

Annex IV. 'Ihe camients cf UNIOO Project Evaluation unit .u-e worth to 

note on 1984 PER, ie Anr.ex r.1. 

" . 



6. 0 - ADDD.."'ICNAL OUIPL'l'S 

'llY? acldi.ticnal outputs adlieved but not menticned in the Project Il::>cutent 

are wor+.h noting. 

i - Fbr pilot line of carbon fi.l:ei:- processing, a ne.., building becam: 

necessai:y and was built. 

ii - ~"3W clean CCllditiooed laboratories were built for dlemi.cal, analytical 

and testing pUI:pOSe within the carl:>on Fiber Project. 

PAN-Ox activities with JISP.ERIT CO have started. 

iii - Utilities for the pilot plant caxbonization fumace were supplied by CTA. 

iv - A group of ey,perienced perscnnal. in a:ttpOSites were included who would 

work in the 2nd phase on ~lications of carbon fibers, i£ approved. 

v - An intemational oonference 0~1 carbon fibers ronducted wi t."1 the sp::)l"'.sor 

ship of CTA/lNIOO/L..~SID. 

vi - Additional testing and analytica.. apparatus not _ £: .. t-- ·!len in the 

Project I:bcu:rent were developed, such as: Cenier rr. ;ex, flash evap:::rator, 

fiber density rreasuring equi~t, eq-Jiµrent to rreasure critical solution 

ti.Ire, etc. 

vii - f1d ?lase cbcurrent on applica.tioos of carbon fibers conpleted and sent 

to the Q:Jvemne.,t for the submissioo to l.NDP/t.NIOO. 

9. 0 - Th'DUSI'RIALIZATICN OF CARBC'--I FIBER TEO!l?OLOGY 

Industrializaticn activities involverrent of OJPENE- Petrcqulrnica do 

Nordeste S.A. 

OOPENE - Petrc::qu.im:i.ca do Nordeste S.A. is interested in scaling up 

activities . In view of this, vi.si tc; were nade from both sides ie CTA 

and OOPENE. A cbcurrent prepared by OOPE?m is under examir.ation at Cl'A. 

CDPENE is very muc!l enthusiastic to scale up carbonization and in 

producing PJl!-1-0x. 
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10.0- A~YSIS CN OJlNTEP.PARr SCIENI'ISl'S SELF-:RELIANCE A.l>ID nIDEPE:IDE!'JCE 

In course of 2.1/2 years of my stay, I have seen t'"'e steady gIONth in the 

counterpart scientist's confider.re and self-re,liance. '!hey have inproved vP-J:Y' 

much in solving the problems by themselves. Naii I can see a good change frcm 

deper.der.ce to independence. At the begi."Uling, everything was talcen for granted 

and was Cone as told. Sl.CMI:~,r this changed fran hCM to ~hy. 'lbe cotm.terpart 

scientists are looking answers for questions. '!his gave them self-thinkina 

capacity. 

'!he initial ~dence on experts has declined in colirse of ti.me as one ma.y 

notice fran the figure ll. 'Ihe coun~ scientists who were t...--ained at 

CTA are helping the people in FISIBA in scale-qi activities. The initial 

and first paper (Annex 1) O'JilSisting CTA results -were presented by CTA 

oounte:rpart scientist in 1983 with a max:i..mr.t help and backing of international 

experts. In 1984, the cotmterpart scientists gained ronfidence and presented 

additional results (Annex II) in France, with mi.nimum assistance a'1d backing. 

'!his sha..;s the oonfidence of the muntei:pa..rt scientist. 

Based on the knoNledge gained due to the visits of uu:ro experts, tJ1e 

counterpart scientists are 11G1 thinking new areas of r~7arcll wi t..11.in this 

Carbon Fiber Group. 
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Jn 1983, experts partly consulted and partly 
participated in the conference. Experts who 
participated only in the conference arc not 
included. 

I 

1983 1984 Year 

·-"7 -~· ...... - ..... --. .,. --... ,. ... .....,._..,,.... __ ..... -···• ·- .. _........,_. __ , r•-··~._., -·· ...,, 
:1 • ~ j . 



i - In R & D Activities 

- 'Ihe Precursor Group should synthesis rrore polyners as rrentiooed in 

Chapt-.er 2. 3 and should characterize the same. 

- '!he Precursor Group srould spin acry lie polyrrers and develop new 

spinning procedures and develop new- pararceters as mentioned in 

Chapter 2.4. 

- '!he Precursor Group shoul~ advise these to FISIR1\.. 

- '!he Heat Treatltent Group should 'WOrk with pilot plant C-fiber pla."'lt 

continoously for week at least without stq::ping. 

- The Heat Treatment Group should process the a:mrercial acrylic fibers 

for PAN-OX applicatioos, and also explore industries to use carl:xm 

fiber on cx:mtereial level application such as activated filters, etc. 

- '!be Surlace Treatnent Group should introduce the surface tre.a~t 

equ:ipr.""nt in the line as soon as p-Jssible. 

- '!he c::xrposites g:roup should be given m3ta.""ials .and analyse fae 

proa:ssed carbon fibers in foDn of o:uposi tes. 

- Wne.riever necessary, scientific wo.rY.shops may be cnnducted to appraise 

the latest developrcent in this techoology. 

ii - General Nature 

- 'lhe 2nd phase on applications of carb::>n fibers should be started in 

o::mtinuatioo of the present project in order to oonsolidate tlie 

achievements obtained i.."l the present project. 

- All att.enpts should be made not to loose the so far tN~ trained 

a::>unteJ:part scientists in the development of tili.s technology. 

- '!he terns for c:xx::peration with a::>PE?-.'E to industrialize the carbon 

fiber tedmology developed in this Project should be finalized as 

early as possible. Necessary assistance should be given to cnPENE 

in their ve."lture to industrialize carl::on fibers. 
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ANNEX l 

IKTIJro(C! OP PROCESSnlC VAJlI.r\3L..ES Off CAR50N :!BR! PROPERTIES 
IN A CO:f!0.110US PR.OCESsn;c SYS!'Ct 

• • • T.tW:AaSUSlWCA.'t • Til.:tt!U.El. , A.t.5'IMIONAIO. J.L.~S DA SILVA 

C!lrntO Ttc:1:::co AEROESPAC:.U. - :P?> - r.nt 
s&o Josi do• c ... po•, Sao Paulo.Brasii 

Y':llllt'• aodulus and teuail• strancth of 
·c~!lc!l flbre1 depecd stroa;ly oa t~• prelarnd 
ori~tatlma of c:arboa layer• in th• fibr•a 
(c6f. 19 2, 3). Iha pr•ferrad orientation of 
thttH la,.r1 caa be incru1ed by atntc:hing 
the fibr11 duriug all stag•• of C-fibre pro
cili:ci.oc. ID cue of P.t...'f-baaed C-fibres th• 
presttatchi.D; of th• initial PArt-fibru is 
r:iost effaccive in order to increase modulus 

· (rof. 4, S) and te?Uile st~ength (ref. S, 6). 
T:--..=ile straugth ~ h°"'-.ver, is influenced by 
do!octs in th• fi~ru, vhic:h ca11 be cruted 
in all atepa of th• procasa. Especially th• 
oxid~:im of PAlf is very aamicive vith r•
spect to th• creation of c~efactJ, 10 that tha 
vari~ ~rll:llltara of this acap ciust be opti
mizd ill ordu to obt~ia high quality carbon 
fib~e.s (rel. 1. 8, 9). 

;_: • Thu paper is c011canied vith tll• influ
~• ol t!oa dell'•• of prastretc:hi:ig .a:id oxi
~acioa proc•s• par1C1aters oa intetlnediate 
prod~cts &-"'Ii oa the properties of resulting 
C-f ibres from PAK~ 

. A Cc:r=?ercially availabe special grade 
PJ1;-:ibre CS .J..P .1/6!"J l. 22 fraa cot1r:.wt.os. 
ri!. l?): vaa ua..t for the studies. The pro
cnsir..1 i::co cart:Oll !i!>res was done i:l four 
su·:»~oi;uesit concimic:Na step•: 

A- Prc.strecchiag frQll 0 co LS% in hoc ai: at 
lSO°C 

llSUt.TS 

Th• incra4a• in fibre den1ity gives in
fon:w.cion GQ tb• progr••• of oxidation. As can 
be •••B in Pi;ur• l, duri=a the preatr•tchiag 
at 190°c (1tap A) naarly BO oxidation occara. 
During at•p B (oxidation a~ 230°C) th• den
sity inc:rea1ed by 0,15 1/c~ • Appli•d forced 
air flov reduces th• d•naitr iacr•a••· the 
forced air flov cauaea au oppo1it• ef!e~t on 
the further density increa1e duri~.g step C. 
~early c~ iafluenc• of air flov ou the total 
density increase aft•: step• A to C can ba 
c!ecected. 

Th• young'• modulu1 of the prec:~raor 
fibre doc:raas~d c:onticuou1ly duriug the 1tepa 
A to C (Table 1). Forced air flov d~ci•~•• 
this dacre£se. Increaal:d ;>referred oriaatatioB 
achieved by prestr•tching in step A, c:~u••• 
higher ab1olu:e values for the aiodulus, vhile 
th• highe1t applied presc:etching (15:} r•
duces th• ::iodulus again slightly. 

Th• influeni:e of prcscretching on tho 
modulus of the resultiag carbon fi~re1 LS 
shova iD Pi~re 2. .U ex;iectec!, the :c.cdulua 
i:u:rease• ~itll inc:reaaed de~ree of pre1trctcll
ing. tm:rea1ed air flCJ;1 durins oxi~~tion 
stepa 8 •=d C diminishes. the ::odut~• ol 
C-fibres for lover degree of ?rcs:retching. 

. ~ a- Ozi.iatioa ac conatmt l•qth in hot air ac. 
-' 2l~OC 

An influe~c• of the iDvestiga:ed pr~casa 
va:iabla1 1 pre1t:etcbillg ~wi forc:•d air flcv 
the oxidation stapa can be four.d at tho inter
medi&t• products and OD tha finally resulting 
carboa fibre•. Cb&Ds•• in tbe air flow mainly 
in!luenc• the iater.:iadiata product& aft~ 
lt•p I aad C •• found ty the dan1ity :neaaura
Qents. No or lo~ air flow rata accelerates th• 
1cron1l1 axoth•r'llic cyclizatioa i~ 1t1p B auto 
catalytically by tbo uaaufficia~t h~t craa1= 
far from c!'ia fiiin co th• air. The ~I= u~ 
take duria.J oicii!ation ot ?:.:i ni;uirH at lease 
partly cyclize<i !ibr•• (rcf.5, ll), 10 ch.at it 
caa be a11umad chat it occur• m.ainly ~u~i~3 
1cop c. P.igh air !lov rate• facilitate c~i• 
di!uaion controllod rates. 

' 
~-

~ .. C- O:id&CiOD &c CODlt&llC 11a1th in hoc air ac 

r ., 
. 26S°C -
0- tarbODisscioa up co ll00°c in arson, allow
~ & 1Ariaba• of abcut 7%. 

lo~ the 1tepa A, S aod C a tube !url'&Ca 
of 3 11 laqth •• uaed, through vrtich the ti.
bras :i~~• hen d::ava by roller 1yst&a1. ID 
t&. oxidatloa at.•ps I •Dd C th• a::iounc of 
forcG~ air aDll tb• resid1nca ti:& ~ave ~••n 
vaTie<i. for cartooization (•t•p D) t~• fib::•• 
ha·11 ~•tm dr:nrll through a tubo turnace pur1•d 
vi.ch ar;.lll vit~out variations of r•sid•a.:• 
cioa cci final t&Gl'~r•tu.re. 

'r.la propercia1 of the fi~re •• density, 
J'D'na&'• :aodulus, ten1il• 1ttan1ch and t~• 
i:aaae c~a~11 1111ra determined at~er each pro 
ce11i~~ 1tap. For den~ity m•••uremencs a float 
eL,k ast~od vat u1ed Cr1t. 5). !he ceeh~nic&l 
pr?perci .. ot ch• fihre1 V9ra measured oa an 
:atcre.~ 1c a ~•Ui• laagc~ of 25 == ar.4 a cro11 
b&.lod ·~~ of :,s ID/min. in case of C•!i~r•• 
~1 10 cn/mia. for th• other fi~r••· 

Tli• iacrudag llOdu~uo ot fibn1 aCcer 
the oxidation step a aad C aupporc the•• ex-
plaaacion1. ·· 

Th• !egreu o! pre1crecching i:i!l~•nc11 
m.sioly th• modulus of the rasulciag car~on 
fibres. Iccrcasing fre!err•d orianc•cioo 
achieved by p:~1cratcbing of the PAN-!ibre 
incr1a1•• the modulu1. 
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Th• •~thor• are highly tb&lllt:ul tc Prof. 
!.fit:Er, Uaivtrait7 cf s:&rlsl"Qhe, w. Cercaay 
tor hia cou•taat encour~s~•nt, •aspiration, 
su1t&icecl lneerHt •ad tor bis va~iabl• com
aieut• ic the vork, to T. Cal ~••••t, Chl•f of 
the Cbisiou tor his intarest, support and 
tacilitias and to Uait&d ~at!oa Ii.Justr!al ~·
veloi:=c2t Orgallizatioa (Vieru:&) fo~ spoc1oria1 
th• proj~ct. 

• mrIIIO expert, for.uly va• at 11aiwerait7 of 
Lovtll, Dept of Cleai:try, tov.~l, ~ ..... , 
01854, IJSA 

- U!ft!iO expert, formaly vaa at Ia.:Stitute Fur 
Chciac.'te Techai.k, i1aivarsity o! lt&rbruhe, 
Vost Cet:1a111: 
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Tabl& 1. Tcung's modu~us of !ibres after ~roccss ste? A, 8 and C 
(Initial oodulus of P.'1f ?recurs~~ !~bres vas 10.S C?a) 

FOR.CED Aill rtCW RAT? 

I L/MDf.) 0 15 l5 

DECK!Z <Jr F!U:STR!TCHIXC I 

1S I c:> 0 s 10 1S 0 . s 10 15 0 s 10 ' : 

STEP A 10.0 11. 1 11. 7 l l.4 18.! ~~o.o 9.S 8.9 10.1 10. 6 
I 

' 
11.6 lll. Si 

YOONG' S MC0!1U:S 

I ::tJ er FIBa.!S (C?.i) ST!P ! 7 . l 7.6 7.~ 6.S 7.;; -3 .s ~ ~ 6.9 1.f, 9 • .5 I,/ 

STEP C 6 ... 6. 1 6.8 6.4 6.4 7 .J I 7.2 6.0 1.6 7.6 '.s 6.91 
; 
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CARBO~ FillltE QlARACTERISTlCS OB"i"AD:ED FROM STAB I LI ZED PAN 

SYNOPSIS 

IN NOz ATil>SPHEP.E 
A.E.SI~IONATO AND J.L.G0"1ES DA SILVA 
CENTRO T£0HCCl_AEROESPACIAl. -- IPD- PMR 
SAO JOS~ DOS CAMPOS, SAO PAULO, BRASIL 

It is sh~n that N02 decreases the time required to stabilized PAN fibres 
suitable for carbon fibre production. There is also a ~odest improvement in 
strength. N02 in excess, bovever, is found to be deletereous. It merely 
modifies the chemical kinetics of the stabilization process and is not 
incorporated in the structure of the material. 

INTRODUCTION 

An importaot step in.th<? production of good quality carbon fibres is the 
stabili~ation of the PAN precursors at 265°C in air. thiS proces5 is rather 
slow f~r continuous fibre manufacture. and requires acceleration incC\!'!lle~cial 
applications. Marinkovic {l) and Bahl (2) have suggested the use of so2 ac 
this important stage. It is reported that S02 acceleratas the stabilization 
process and improves the strength of the carbon product to some extant. le 
is also clai~ed that the S02 is incorporated in the surface of the fibres. 
In many ways !l02 behaves chemically in a similar vzy co SG2 .and so we 
decided to ex?eriment with this oxidizing agent to improve the rale of 
continuous fibre production in our carbon fibre plant. 

EXPERIME:<nL DETAIL$ 

In this series of experiments we used polyacrilonitrile l/6Kfl.2Z produced 
by Courtaulds. There were three stages in the process: --. • 0 
Ia - Either s:abilization in air for 40 min. at co~st:mt length a~ 230 C, or 
lb Stabiliza:ion in N02/air mixtures for a range of residence? tim~s at 

constant length also at 230°c, 
II Stabilization in N02/air mixtures for a range of residence times at 

constant length at 265°c, 
III- Carbonization in argon, allowing shrinkage to 10C0°c. 
For stages I ~nd II we used furnace, lm lonr, with a device for maintaining 
the length co•,stant. For stage Ia the re;idence time was 40 minutes (ref .J). 
In stage lb w~ used N02 in concentrations of 5 to 30% in air and residence 
times of 10 to 60 minutes. In stage II we used N02 in concentrations of 10 
to 40% in air ar.d residence times of 10 to 60 minutes. In stage III, the 
residence ti~e was 60 minutes with a shrinkag~ of between 1 and 14%. After 
each stage of stabilization, specimens were analysed by DSC (Dupont) and IR 
(Perkin El1.1er) to detennine the degree of stabilization. Density oe.lls•.!re:tents 
w~re also m~de to this en<l. The tensile strength and Young's .Modulus were 
detcmineJ only after step 2 using an Instron with cross-head speed of lQm:\ 
per minute. After stage 3, the density, strength and Modulus of elasticity 
were measured to deterr:iine the quality of the carbon fibre produced. the 
cross-ht:?ad spel.?d of the !nstron, in this case .. was 2.Smm per minute. 

RESULTS 

Soine of results are sU11111arized in tables I-II-III and figure l. 

DISCUSS IO:: 

It is interesr.ing to compMe the results in tables I and II with those of 
t~ble III (weii;lit loss). The highest weigh': loss during C.'.lrbonization. o~cured 
after the u~e of high concentrations of No2· (4Gi.) · dudrig · ·· stabilization, 
bringing 1Jith it a m; eked .. reduction in .. mechanical properties . (probably 
bl•causc of structural d&ar.1age). It is interesting co - dctc-rmine why high 
concentr:ations Qf NO~ pr.,duce such dr'1stic dctcrioration1; in mechanical 
pr~pcrtics of fibres wh~reas lower co~ccntration of co2 produce modest 
i1ll!ll"\.Hlt1Mt11\l!l in 11trc11r.;th ( talJlc I). Moreover, carbon ( ~hrc:; with poorer 
r.i·r-~ll·di\h:;il ~r1);')crtics '1r.: produced when stabi li:~ation t.'.ll<cr. pl.lee in r.hortcr, 

...... _. 
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tices using an at.r.iosphere of NOz in air in bolh stages of stabilization. In 
the IR analysis. it is noted (figure 1) that there is a tend~ncy to reduce 
the removal of the nitrile groups in the presence of N02. This decrease 1s 
proportional to the concentration of N02. In stage II. however. it may be 
seen that all the analyses lll3de at every stage did not show the presence of 
any group containing nitrogen. showing· chat no nitrogen groups are incor
porated in the molecular structure of the treated fibres. 

OO~CLUSIONS 

Treatment with N02 like so2• produces a mode~t improvement in the strength 
of carbon fibre and accelerates the stabilization stage in continuous fibre 
production. N02 alters the chemical kinetics in the stabilization of PAN 
fibre. but in contrast with so2. is not incorporated in the PAN StTIJcture. 
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TABLE I- Tensile strength of carbon 
fibres after carbonization (l000°c) 

TABLE II- Young's Modulus of carbon 
fibres after carbonization (lOOo0 c) .. .. 

N02 

0 
10 
20 
30 

. 40 

Oxidation Time {rain.) % Oxidation Time (min.) 
10 20 

1,54 1,58 
1,42 1,92 
1,70 1,93 
1,97 1,70 
1,76 1,38 

30 40 50 60 N02 10 20 
1,93 2, 16 2, 04 1 , 72 0 147 169 
1,91 2,06 1,86 1,59 10 148 160 
2,23 2,18 1,79 1,86 20 153 157 
1,70 l,6d 1,60 1,48 30 160 149 
1,30 1,15 1,16 1,07 40 158 137 

TABLE III- Weight loss .. after 
"" carbonization (1000°c) 

% Oxidation Ti~e (min.) 
N02 10 ~~ 30 40 50 60 
0 37,9 37,9 41,6 40,8 38,9 39,4 
10 36,5 37,9 37,9 37,9 38,l 39,l 
20 39,4 39,6 39,7 40,3 40,3 41,7 
30 38.o 37,9 37,9 39,6 41,1 41,9 
40 42,0 42,4 43,9 44,3 45,2 48,4 

30 40 50 
163 142 124 
157 148 151 
169 160 158 
153 148 144 
142 n1-- 112 - . 

60 

121 
127 
155 
141 
107 
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Fil't.\L PE'O~T OF TI~ "H~RNATIOX-"i.I. CCNFJ:Y..E-:CF. 0:-! C.\Rr.GN FIRER :'.PPUC\TIO~s· 

Tile Gcvernment of Brazil, through. the Cent~o Tecnico Aeroespacial (CfA), 

organized and hosted an International Conference on Carbon Fibre Appl! 

cations, from 5-9 December 1983. at sao Jose dos C3mpos (SP) and 

Camac;ari (BA). The Conference was co-sponsored by the United Nations 

Financin& System for Science anc! Technology £-Jr Deveiopment (lr.;FSS1D) 

and the United Nations Industrial Development Organizaticn (UNIDO). 

The purpose of the C:Onference was. on the one hand, to present the 

results of a successful project on "Optimization and Development of 

Carbon Fibre Technology'', which is being implerr.ented at CTA with t.~e 

financial co-operation of ~FSS1D and the techr.ical assistance of 

UNIOO. and share such results with ~epresentatives of fovited 

developing cmmtries ~hich have reached a si.Irilar technological and 

industrial level so that they are interested in the produc'tion and/or 

use of carbon fibres and composites. 

On the other hand. the Conference served the purpose '"'.i dem:mstrating 

the great variety of application5 of carbo~ fibres and composi~es in 

aerospace and transportation as well as in Ir.arine, recreational and 

biomedical uses. 'Ihis was achieved through the co-operation of a 

group of high level experLS from some developed countries. 

Finally, the Conference focused in m::>re general terms, on the identi 

fication of methods and mechanisms on which an efficient technical 

co-operation ammg interested dcvclorL~g countries \\Otild ~e based 

With a view to sharing the experience which each cf these countries 

has with regard to production and/or applications cf carbon fibres 

and composites and, thus, strcnghten the scientific and technoiogical 

capacity of these cotmtries. 

Olina has been wo~king, since aproxim3tcly 1960, in the dcve1opmcnt 

of carbon fibre technology and its industri:il applicntions :iml the 

development and production of resins for composites with the fibre. 
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India. with the help of UNIDO. de\•eloped co;npetence for the prodLction 

of appropriate precursors for carbon fibre. the production of the fibre 

itself and its use in many industrial applications. At present. India 

is making a strong effort to acquire capacity to internally produce 

resins for nx>re sophisticated app~ications of the fibre. 

Brazil. with the finarcial support of the UNFSSID·and having· UNIDO as 

the executing agency. has developed capaci cy for the production of the 

PAN precursor. to produce carbon fibre and to produce composites for 

many industrial applications with the fibre. It is expected that, by 
'the end of 1984, Brazil completes the development of the knowledge for 

'the production of ~rbon fibre L-p to the industrial scale. 

Korea 

Argentina, Egypt and Mexico have beep using carbon fibre composites in 

industrial applications since m:my years. . ;-· .. 
'Ihrough all those activities, a substantial capacity, in the chain that 

goes from the product.ion of the prect.rrsor for the carbon fibre U? to 
its application, has been developed in those developing cotmtries; a 

substantial annunt of infonnation has been acquired or generated. 1he 
levels of capacitations acquired by each country is different from 
country to country in the different parts of the chain, though they 
can be complementary. 

In spite of all the efforts being made, there are big ~3sks to be 

perfonned by those countries to complete their capacities in thi~ 

field and, from there on. to cope with ne\·: developments in the field. 

All this can be quite costly and will need sustained internation~l 
assistance. 

In view of all those facts, i r is clear th.:it there exists the e\·ident 

possibility for the developins countries attending this meeting to 
cooperate. 

-02-
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In this contc)...""t. lf.'J=SSTD and l.11\IDO understand their role as that of 

providing an interactive mechanism to help to catalyze co-operative 

activities of developing and developed countries - of governments. 

universities. research laboratories. public and prho.te enterprise 

and financing institutions - with a view to finding appropriate 

solutions for the problems of acquisition. assimilation and appl.!_ 

cation of carbon fibre a:OO composite technology for the benefit of 

the economic and social development of tmse comrtries. 

The efforts of the countries. and the external support by the United 

Nations Systems. should be able to draw on co-ordinated services from 

every interested country that can provide them, to any interested 

country that needs ·them. and they must be able to do.this on a reliable 

and sustained basis. 

In this spirit. participants from Argentina. Brazil, Oiina, Egypt. 

(IJtlia). Korea and Mexico have discussed possible subjects and 

mecr.anisms of co-operation in the field cf prodtction and application 

of carbon fibres and coiI;:iosites and have come to t:he·foll~~ing 

conclusions: 

1. With a view to gaining the full support of the competent CJC>ve~ 
ment authorities of t,.;e countries represented at the Conference, the 

participants agree to establish the necessary contacts to such 

auth:>rities. inform these fully on the results of the Conference 

and recOJJU11.ended follow-up activities and convey to them the impo.!:_ 

tance of co-operation in this field. 

2. In order to assure that each pardcipating countrf be fully 
informed on rele\~nt activities related to the production and 

application of carbon fibres and composites undertaken in the 

other participating countries. the participants identify the need 

for an inforr..ation network covering such activities \,·hich, in the 

first stage of co-operation, could function on an infonnal basis. 

As a first step, such network would gather and disseminate the 

inforr.ation actually available in each p3rticipating country on 

past or ongoing activities and c~-perienccs. 

,. 7 



3- .~_-::.:: a view to providing training facilities for scientists and 

~--iici:ins from developing colDltries. the participants agree that 

~:,s?:ing R & D and produc!ion centres. such as CTA and FISIFA in 

~::=...= i1 • should receive trainees from interested countries. subject 

~ ~cific agreements. In order to maximize training resul. ts. each 

~-:nnal centre which receives the visit of high level experts from 

~~~loped countries should consider to invite participants from 

·=-..:::::::::= interested developing cot.mtries to the training activities. 

4 . -~.-:lg into consider:i:tion the. abserce of norms and srandards in the 

::::;_~::i of carbon fibres and composites. the participants agree to the 

~~ to develop conm:>n standards for their cot.mtries 50 as to enable 

--~ to exchange raw materials. intermediate and end-products of 

.:=.::=en specifications and of controlled quality. ·For the same purpose. 

==-~~x:~-n rules for certification should be elaborated. 

s. --;:~-:;:;: regard to the above identified needs and others. which the 

::.;:.-_:::-=rial consultations of each participating cotmtry roy consider; 

-:_;._.:;:; :;articipants of this Conference see an important role for the 

:.:::.::.-:.ed Nations System. e;pecially t..r:-.'FSSTD and UNIOO,_ to provide the 

=-""="e:ct:Ye mcchanisws for the identification and ·oobilization of ---
-:...:..-:: ~eeded teclurical and financial resources. 

-01-
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4 HO\"J many t>:::p:i:~ :ir.: list::d in :he ;i1 ojr:t J;)cm:a:n:'"! ------

I. l!::p.:.;:t as ~ri:~=~s :n la!::~t !'ro~c~/l~S er 
duc::m::;;;/: r-:·::c_.: :: 

A res-~::-:ch .-i~d cii::ve:1o~=~.-:t te:i't:-: fully trair:.cd ;m,: tiiti1 ::~:e: c:-:i~-=~-.!.~:~.;,: :.:o h:,::; 
adapti::~ t:,e t..::~hnolc~;· :.:setl in ott.:-r cot:~::ri('~ t·.:i c~·cc:.!.::£: ~~:·-;.:;;-,::_::.:.;:-.;; =!"" :,;:-.;:~ .. -t_. 

r.?:~tcri::."! .... , or :o iur:.h~:- i!.:pr-ci,_,.e- t:ie techr:~l~~- a!.rc~~J 
ccr.~:!.:c?.: !~ .::11:: P '..:or~: rclot•?ci to other sii::il:a:- ~."'!~cri;.:ls 
to t!:f, ind:..,;tri . .:::. s.:::~1.::. 

D Q D 

Expl11in: 

0 li!:dy 
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frc~1 t:!:. l:.:~'71rat~.:y .~r:-:.:·:? 
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Co:.:~·bt!·C:: bench sc.:.lc. stanca::-di.::ation in !1c<?t trl!atr.;~::t an:l spim~ing. ?:o,.; in 

the: p::- .. cess of cca!ir:~ up. ~~::~: o:-:idisin~ systc:':i'S stuC.fr~d. ?:.:.~: sr-ir.nine e~:,•-:.-;:i-
rr::.""r.t:-: i><:s ?.:! o:::. pn:: li~i nary c.::rboni za t ion studies of cr~·l precursor have; al r·:::,:!y 

cori:..--:o.;nced. Meth~~:; i::i?rO\';.;c! in surf:ict> trc.::tment e:-:::icrit.-:ents with sizi:~~ 
systc;::s C0<!!:1::?~c·::d. Ti:.e trai.r!irig of Ol!e of the co1;nt;.~~-~.::.rt scien::ists in US,', 

th?:"ou;;h U:-:ID h~·!.;1e~ hi:n to f.::bdcatc p~·.::preg l::m:i.r.Lll'! equipT.,;!lit ~nd .:m.:ily;.i~. 
T.Cel Kessel cc.·..;.:lt~rpart ~&vu;,> leader's :::·11d:; t0ui- wit!1 ~.-o cf hi!: colli.!;:;11>::::. 

hclp~C.: hi!;) in ach.·;sia~ his grc-.i? at CT,~ t·:k:t he:- snine.:! in tk: tc...:::-. 

in Austri.? in Gct/::0·.; S';. National Coordin.::tor. 'nJ two of his cc.·!icr,ces 

recently visited Eu::-opc. on study to~r t·!hich hc!p;:d th(:i.1 in aduptir.~ to 

the loc01l :iecc!:;. Thus the tcc::u has fo1:1.!:?d :-:n':! e>:pcs"'('. ::o ::l:~ .1cLi•.ri tics C!l~,l;-
vh.erc in :~:! l.""Orld n:ld aci.:??!.:ing to :::h::: bc.:d. ne~c:r.. 
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0 ir.;prchat.!: 

s~c enclosure 5. 
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See ea~losure 6. 

Se:c cnclc~;r.!re i. 

). F:ino1s imp~1:i11r. p~r.~.rC'~s (..:!:eek o:.c): 

0 ~:(•\•: d-~!:·::.ry ,,f inp:11~ 

Explain: 

0 lii:ciy 

1~: .. , - . ·: .. 

• 

0 h .. c?y 
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Ted:nolccr to produce c:irbon fibers Clf ::h~ appropri;;t~ ~uditj· .ind th~· 
co:.-1·cspcnc!in~ pr.:?cursor, 11zi~~ n~tiunal t.r1!.' l:!jtc::-iab. All this techr.01~-::r 
tr.:msforrcd to th.:! industri.-il systcr.:. 

ENCLOS!fili:: 4 

CarbCl'.1 fib~.rs wit!1 con:;:a:.-abfo propt:i:-tii!s with ti:.:>sc of co:;c::c:-ci2l fi~H.~::s 
were produced. Ac:-ylic fibers cf cc:!::;,crciallj· scr..p::ra!:le propc=rti'=:; were .:ilso 

produ~~~. The sc"lin0 up to pilot plnnt already cur::.~enc~~. All th~ utiliti~= 
to pilot plant carb~nizatio'.1 furn~::t are heicg com~l~ted. The ac::ylic fibnrs 

prcd~~~d frc~ ~oti:n1.:il raw nzcerial arc being standardize~ for c&rL0n fibc~ 
pro::essing. Tnc te.:i,:i is catiabli:: cf .:inalysine nc;.; r.'.!t·: t:"~te:-i_;.!ls f~r carbo:! 

fibtr rirocess.i.ng znd fiber spim~ir.g. 

E:iCLO$ LT:.: .5 

involved. C2?I::·:r: - Pc.::roqui=,ica do r:c::-•!::.:ste S.A., the parent org~•1Lcation 
of FISICA - Fibr~s Si~titic~s da Bahia S.A. is V£~y much interested in tii!se 
dcv~lc~~~n~al ~ctivi~ies. 

- ---- ------



i Ef~Ci.O:>t:-u:; 6 

t::uc:-::!.t:dbe •md t~dmiquc:s to characteri:?e ar.d r:cst the: r~ tr~teri;:ls .::; ~ell 

as lhe final p~-~cucts for th~ pro<iucticm c.f the p•ecur:.or and carbon fiber. 

E?!CT.OSUFJ: 7 

The tea:-e has ch~ract~rised the r~~ ::rat~ri~ls av;:ilable ~recursor fihers antl 

has been conductinG e>.:periJ??ents to analyst_tbc intcn??ediate and final 

products. ,\lso che:.racterised the cc.!eercially avaihi:>le final products. 

ENcwgu.r~ s 

The tea~ is now c~~~hlc of performing t~is acti~ity confidently. Acqui~cd 

rec:~ircd kno~letlre to characterise the ra~ ~ateri~ls ~nc final pr~ducr.s. 

·1 
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I. Re.-.·:·: .-..- ;:;;-':;.:~ m l:.:~.;~ l'rn•k~/f"US \.'; .:t!" nioJ;r.~.: !:; trir:••tii~ c!..:. i-;icn (o:~r:r::-if n!>t. f!u::i ;•i.•j.cr 
d~ut~a:.:m}. 

See ~n~io=~~~ 9. 

2. Pmgrc:ss (d:~c~ c::c): 

0 nrmc 

Expfa:n: See enclosure 10. 

3. F3clors !m;x-ding pros!"C» (d&;;:cl.: one): 

0 sloe· <idi\-c::-y of ir.?uts . 

0 cxcdkn1 0 

D poor qu::iity of in;n:is 

D ch:ur;:e in c.ritiral assum~ii{':J5 (::xi:.crnal facic:rs) 0 o:hcr u:a~::•icip:ac<! C\'CnlS m no ;>rc!>!:::r.s/on !>;::hcduk 

-t. Po:!:~ibilit)· c:f ;>rnducing i1m:1.dcd rcs:dts/outputs in quznrii}". quality and ti!:le 01i::n3l:y cxp:~tc·.:! (cl;cck o:;;;): 

0 imf1('~iblc 0 impro~:iblc 0 lil:c:ly 0 highly lil:cly CJ ccn:iin · 0 c;inr.ot c:cr:::-n:i::-: 
Exp?;;i:i: See cnc;losure 11. 

o:it,;•t r.:~. • __ 

~ -· 
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l. P.cr-:~: as i!j.p-::;;rs in latc:"!O: i'n.ldo::/PDS e;r as modifi::d b:: trip:uri:~ <!.:ci.•ion {!p-.;:::if:: if r.o! fr~:r. ~=-~:j:::.-: 
documc:it}: 

2. Pro&rcss {c!1.::ci:: one): 

0 nor.c 0 slow/po'>r 0 adequate 0 \-cry good 0 nccllcnr 0 cannct rlelcr~i-.:-
E11:plain: 

3. Facrors imp:dint: pro:rcss (c:hcc!; one:): 

0 Slow delivery or ir.pUIS 0 f)OOr c1;:;i!i1y Of inpms 0 inadcqU:llC WOrk jlr>'~:r;;;;;:;;e 
0 chan,r.:: in criric::I assumpti<'ns (cxrcrnal factor$} 0 othcr.m:::mic:ij'~lcd cvcnrs O nc prch!:rm;/,i:1 !.c!1r-,fo!.: 

Explain: 

4. l''110sibilir~· or rrC1iJ11C'.i11~ inti:nckd rc~ul:s/om~UI!> in l'lll:lnlily. ~u:llity ;md lime ori~irial:y c:1.11:cr.::d Cch,·cl; (II}:')" 

0 imp~s!.ih!c 0 i111p:C\!'.:1l>lc 0 lil.C:y [J hi,hly fi:.;cly 0 'cnain D c:-.nno: d.::t":~.;::;~ 
Exrl:iin: 

·---------------·--------·--·---··-- .. ....._._ . -·-----····· .. I • 
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Physical f:icilitics cccpleted in suc!1 a '-lay th:it the trained staff can 

pro;>crl~· perfo:oi: th::.:ir tasks. The additions in this second ph;:;se will 
include: 

pilot equip%ent for spionin~ the polyacrilonitrilc precursor; 

modified pilut line (including surf:lce trc:a.tment) for the pro:!t:ction or 
caarbcn fibers; 

auxiliary·eq~i~czut for electron microscopy X-ray diffraction, 

diffe~ential therm2l analysis, electronir measure:iients, photo~raphy; 
other ainor equip~cnt. 

ENCL03URE 10 

Achicv~d almost a~ far as required fer the project. 

Pil~t pl.mt fer spinning polyacrylonitrile prccur:;or acquirec,wo=k already 

COiL!:!ti!c.;d on this equipment: a&: industri;:l e ite at F~~.!U .. , Salvad'IJr. 
·~ tquipr.;~nt for ~ilot line acquired. The utilities ~-~ al=est cc~?l~tcd. 

Preliminary activi~ies are being coi:t::~ncco. 

Most of the 2U7.iliat)" equipm~nt as for re~uired to th~ proj~ct oht3in~d. 

Most of the minor equipment rcGuired h~s b~P.n purchased or fabric~ted by Cl'~. 

ENCLOSURE 11 

)lost of the fac~ors in this output achieved. The rcm~ining are sure of 
achieving. 

--, 
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"'\ .... 

I. !~·: i~·:"'! .... t! :..it"!'i:?: ~ : .. : -C: ::,-;;;:r-:~~;,,:t5. r~ ;:::-.-ta c: h·i:';;,:it \\.,,;~~ •• \"., l:i!:: •:'Ulsi .. !e ~-!' r:c..';~·,1 ltl:Jr..:!tt•;:1:-:?t ·~·"':::!: ... ~!. •'!!~ 

ct ii:~.:! to iJ:'t'l;!uc.ti" .... ~ ~'~•= ._,r :•:::c:: &.·~ i!t-.: \lU:~.:l! tiit::d ;ii;c. -. :- (,.,· .. ~- r:ujc-.:l~"tl i!l-.~!i ... :.ty ..!c111~;,J ~r !".. "'!'~) .. 

Co•:!..:rcr.cc. cm c;id::)~ .fihc::- a;mlicc:tic:-.s tc apprai:;c the lo::al ittdcstrial 
in\"Oh°e~nt O! ttn.: :n::al i:UlU~triCS t() rL00'~l:CC Ca!:'~On• ri!lt!r,i iU7vlW."C!1t Of jQCCil 

incfo:. tri ~:: "i1i.:.<t cc•.1l d use these- iibc·rs • · 

2. Fur c~d1 z~5t:mplion. describe v:b~t b.:?s or h2s not t:al:cn place. or seem.~ m<:st li!:el:' tu l.:tkc pfacc. ami :h: :-:::1z! 
or (?('»iL!c dfcct or such c!J:tngc Oil i·md:aci;;g the ou:pnl~re=.t.:hs ongi:i::I!:,· ir;tcnd.::d (::.t,:. if indu=.!ry tk: .. ;.::d h:::.. 
not C~\~:cpcd :ls pr.:;j~tcd. wl:at is :i?: prooab:C cau3.c}. ir.clcdi~~ \":h:tl mncc!ial :iaica?S. if an;·. can or s!;~uid i::.
t::l:o~n h!· any of tlic uip:iitite.p:n1ics: 

A conference was conducted.on application u! carbon fib£rs. A!>out 200 particip~r.t~ . 
fro~ industries, institutes, go~-arnmcnt orgi!nization ~pprcciated the application ~f 
these fioers. 
A-a-..:?jor pre::roch~:dcal inccst:ry COPS'! - Petr.Jqui!::ica do !~orde:ote S.A., the p.ne::r: 
t>rga<1i;~tioa of FlSIZ~ has show interest in the industrial{zatio-a of the;;e Eb.::r.: 
ar.d visitc.! t.:i-:: proj2et site to have the first· ha:ld info~tic:~ of this tec!m".:'ic-n· .. 
T'ne r.:!ighbourin:; civil co;r::;;.:tcr plai~ J:Z;?nufacturc:r Ei-2-P._'~?. ~::,rt:ssec'; iu ll'i.=;:z 
of using carb~n fibers. All these 31re-po:oi~ive effect:; fo-c ti1e project .. 

J --· '; .. 
I. Rr:;t:-~~ pr~je:r (in:rr.ed:2c~; r.!:i'Z~!i\·: :'.! !: Zf'~=~?'s in l2!e::i P?'ncioe/J•Ds. or !!s s;:~cq;i!::"t:~:: r.:c. .. CEf!:\! ~Y :~:-~:,:: .. 

c!:::i~ittr.: 

See cn~l~sure 12. 

2. Given l"roj:-.cr cxpi:ri.-n;c lo dare. inclt:dinr. the ori,:0:11 assu:npfions n:::d:: :,n~ ar.:; ch~nz::s \":hi::h hav: o:r.u~:=~ 
in the J'rl-.jcc:i cnvim;,;imU, is the pra;t::l i1y:;olbesis S:liJI \·:1!:d. _i.e. i( lhC O:s:p•.l!!. iUC rro)~\ICCd ~S> plal~~;;Cl il1\·r. 1; 

il fC:\'liUi1?.b!i: lO :lS!;Um: rh:U lh.: p~OJCCI OPj;,tive(S) wiil f1c: ~uc:cess.iul!; ::ch~:·.-cc? 

8 yes 0 no,cxp!.:iin 

Most of .. the outputs are achi~vec:i. 
A strong c:nthusi.i.u:tic r,rocr. h.:is forced. 
Most of th~ t<:chnol~s;r on h."?n:h se:ifo cc~;~lt·tcd~ indL!$tr; alrc&Jc!:; irsvolved. 
Knawh:d;;c etn t.cch:1i'!u~s it: ~""quired by the croup. 
Mor.c o: tl:': t'~;·d-:.:.•l Z0;.cili t.i~i w'·:e 1n·ovid~d. 
The: n:;:: .... fo;J a re s i;~·'! o! <!..:::i .Jvb1i:. 

------------ -- --····· 



lite iu::o:cdi~te o~jcc~ivcs a~c: 

i- to co::;?lete the fon10?tion of the scientific and tec!mical capability to 

be able lo industrially produce c~rbon fiber prec~rsors, carbon fibers and 

its COCiposite structural materials and to further develo? the techr.ologies 

involved in th~t process, fro;:; the l&boratory scale up to the inciu~trl:il 

scale. Thi~ mc;ms traininb the appropriate pe~sonnel end formii16 the 

corresfh>nding tea:ns, not only for the productio~ process for the carh~n 

fiber, but abo to detenrine the chcaica.l, physical and mecbanicO!l charac

teristics of the raw materials, inter.nE:diatc and final products; 

ii- to opticiz~ the continuous process for th~ productio1~ of ca.rboil fi!>er 

which has alr~ady been developed up to the bench scale by the CIA; to . 
further dev~lop it up to the pilot pl~ilt scale until sufficient.kncv.ledge 

ano e:.qoericcce has been developed, so :is to trnn~Zer it tc.thc pro~uctioil 
. .,. -........ 

. .. 
• • • h • r · ' · r · '-11£ - to &c:lCr~te t.~ 1G On:&at~O~ necessz~ ~O prov~~e. ~~~·prc~ursor iu~t 

ano to tran:fer it t~ the production syste:?J; 

iv- to COG?plel:e tie minimum necessary equipment and physical infrastn•cti;re 

in such a v&y that the: te&l!S fcmcd through the project can ap;>roprfotcJy 

perfoI'lft their ta~ks. 
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J. (ii\•c.-:a t!:c s:~:::· ,,: r;,.-.:!:ri!~~: :! (' i::,!:·.irlt;:al i;. .. :.::::!· ~; ,.,:;:.;:;,';:.\1t!!~ :?~ i=~i=a!:~ •• ~':,.·,.:. "::=:! i·: ~ .. ~t:•r .. ~:. ::~· :~.·::· 
' I·- ·'- ,.t .1;." ( •••• ..... ~·.:••.. • .. ·-,. l~.,. • ...... ;t l·· .... -• .. •"t• . "'- ... -· •,t\. """""tr.··' I•'- . :.:;a"'·• .1 ... r- ....... . c. 1 ...... rrv ........... , .• ~ ........ l ... ")~·-=·~ ,,~ ......... tc1 •• :., ,?_ .......... : ... ••• ,. 1 ... 1 .. t .... l''\.·•'~"··--·. , ............ :"\il!; .... "··· •• _ ........ ~ .......... . 

l<- ?:..: su;,:•:it""c!, ~r.<! :~ :I:~ c;u:.::H:~·. i~·r;:: :i::~ ct:~;::.1: .. 1c"c::~ ;.;: 

0 im;>roh.:i!.:!e 0 0 w c::ni'!n 

4. 0 r:o 

5. if res. 31 \\"h:tl lc,~r? 

0 dc,-c:lop:m:nr lcwl 

0 oulp::t:; 

U projcc: otpj>:~dJ/o:li fC\'Chi 

a proj:ct (immcdia1c) object 

0 d:::,~lcpna:-nl ia~-poll?~ir. 

D ~-or I; prc:rarnnae 

E. On:r:dl Co:aclusi~;as ::::d ~!ccommcnd:arior.s 

I. On l!a: b:i!.is of ym1r ra1in~ abo-.c. pro\icc a concir.c n01rr.11h-c e\-:?lu:?lioi: s1:::cm.:nt r.f tJro~r...:>:. to c~:-:. 
i11cludir:: any n.~lc:\-.Cnl ;1a;.: ,.i0;:1:iicam infurra.oa~ion..noi includL-d abow:• 

'l~'te grQup hes b~.:oac st:-on; bGth in numi>er and kin.;. 'Ihinkin:; c~~ctcity of t!.e: ~ro:;;; 
b:i:; i:z!!>::Gved. Tb~ co ... -uterp;?!'t scientists ·a=E~ c~~l~ of an.::!.yti:l;; t.t.e: prob'!_~··:;~ 
The self confic;ncc in t.~e counterpart scientists is grcr~ins. rnis is a overall 
positive appro~ch in achievin& the goals arid objectives cf t~e projiect. Tr·e ie:;:.~~-r
ship of T.Cel Kes~el was given morale to the group. Iiie enthusi;iso znd cnc~urr.z~ 
given to the grou1> personell is yet anotheJ; positive factor. 

Also see enclcsure 13. --
., 

-.. ~ 
2. 0:-,.cribc !ulrr the ;:c;1.-,n! Gr d~cisi'lliS rccor.;mer1c!td :,y j.'rnjco:t m.:;1' "'! ·:· •. r~ impro•·: tb:: .:r;i;;;=::.--t"-. .·::~ 

3. 

cff~:::h.-.:~~ ,.r ?ioj'"ct "r-:r2tin:n. i;-:::r:din!; r;sr.onsi!..lc: u:ait::o ;,nci su~;.:.)tt-d • .::-ii.:t ea1,s. ~ ~:m~!;.:;;ri ... c: i't'.:.-: 
-,\cr;tmJ i-.cquin:d .. <m r~m I - PER F::cc Sheer:· . 

•1:.• 

n.e "Actcn:: r~1'°i:-cd" in the prt:rious 1·r:::: were accc;:,~i,iEz~·.ed. Ce:itrc• Tecnico .:".t?i:'o·~= 
,,. • ·· 1 • •. t' • th -·· '• ···• l • f: ""d. - -"="' .. l .. •· ~?- • _,_ ·- -- ·" ""'t--tr } - •• • •·'• P- •• -:: p.aci,. ina:.;c_rc. • e __ ..,r_ q..: . .s-1 .L-:. p(:r.~c-.... \; .. in1.o c.·•·' t• -~·:" ........ c ...... ,1 e~r;:., ... , ....... o- ... 

of th•. facili ti!!s. ~:u., in t~10: process o{ pro• .. iding uti !i ti as like ine:-t ~a!: , n
. friger~tion, CO!:lpressed air. etc. UNIOO ~ purchased ~11 of the requirc;.!(?;;:.s 
· rcquest.:c! by CIA. 
it is not-r reco;cn~d that Centro Tecnico Aerocspadal s~ould co~plc:e: pmvi..:;.;,g t:.c. 
utiliti~~ a:; early as po~~iblc to use pilot plant C&rboniz~ticn furn~ce. ~C~cs~ary 
arranger.Jents tnu~t be t:iade to run t}le carbonization furnace continuous!>, ac least 
for weP.k without intcrruptio:i. 
H<n-!cver, it is rcccr.=~endcd to follow 
up ph3se to con~oli~Gte ~~!. directly 

Continued in Enclozure 14. 

nd 
up this projl!ct zctivities vitt1 a 2 foll"': 
zpply to indu~trfol a;:plico:.ciot>. 

\'/hen was 1hc: J;:s1 lrip:mirc: rcvi~w or 1rip:mir: in·c!c:pti1 c\·;alm:rir.:i t;rlc!? Trjportitn r~vic~. 
(l..elC an.S I) r.t 

4. Wl.C"n is th:: 11::x1 1rir:sni1e n:.,·icw Pr ir.·dC'jHh c:v:ih1;11icn ~'hrd1;i::t~? 2t•Yw-bcr_..J.;tf !, , Id.r....::r..tiJ.'-1 • .i~:.:.Y.L~..; 
(i!,1;,• Pl!,f I~ ;·t) 

5. Cin·n 1!1: ;i:•1n: c:,1.,ch1•.ietns. i:: :11 in·dq,ih c:.,·,,!,1:t:i;>1, 1:e::c,.r:.ry i:1rhC'1:.::or fa:;r" (rC'~:irdl..:i.:o ,,r '\l11:i:~·:r "I ;;··: 
tlr wh~:i. one: i-. includc:d i11 1!1e J>r()du:: or POS;? 0 yc:s [:J r.o 

---------··----·--------------------------- ... __. •... 
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In order ::o cc:~solid~tc. ti1~ GctivitiC'::: and tQ e:q>osc uth.::::s Ci'A c:>::.ductctl ~"? 

intcrcatit-~~11 confcr.:m\7e on appli~o:!ticn uf cOlrbun fiber during first 'lolCEk. 

of Decc:::h~r 19S3, invited p2rticipsnts frorJ other developing countries like. 

Arscntiu.:, China, ESYPt. KorC3 .:md·He:ico 1 &nd e;.:perts in the field fro::a 

developed coun~ries. All particip~nts including those 200 particip~nts froc: 

Brazil. arpr~ci&ted the project activities at ~he project site. 

The precunor group of the project hots star.derC:ised the spin."lint par:J:!le.te!""~ • 

vith rcspt:.ct to major !:pinnin~ v;irio:&bles under D:~ spinni ns ccmci tions. 

Fibers ccr.aparable vith most of the ca.aercial fibers \."Cr~ prcc"Uc~d fro;. the 

polymer obtabed frOGt FIS IRA. Qu~li t.ative er,>erime:its t:o sea.le up the spim1in~ 

exrcriments have already been started at a fiber inccstry FISIEA in Sal~ac~r. 

A feu fiber bobins spun fro:n the pilot plant spinnin:; ass<:ra!>ly have been 

tes~ed at CTA. 

A beat tre~::~- ?!It g~uup has al:r.ost corapl'!tc.>d the r.!:t-!ly cfosicn_e;i eJ-:i>~~i:t>ents in 

c~=ha~~za=io~ as per the instructions of expert. r:r .. ~alnin. Also·i~ or~e= ~~ 
exp le.re other oxidising at:ospher.:. in ~he c>:id:!dC'!'!J :~te?~e. th.: :;rol'r· hzr. .. ..._ .. 
c1J:J:ple::eC: c:dcation studies u!!in-. nit::-cge:. dioY.:'c . ·,:r::entl·: sy~i:C:j;:·;ti:; . . . 

- .1• • • d ~ • t l .. • • .... ' . . ~· ,.. s11.u .. 1es :u:1: oeLn& con >iC11.Cta o ·eva u.;: .. e 07.:..ua .. 1.o&l a .·' _c:ln.:on1z.a .... 1on p~;'.)~·:::r -l~:~ 

!or CTA spl!i.& fiber f ro::i FIS!t..\. pol~-r:er. Var!.ou:o · oxi-<l;;.~ation te;kper;:t.i::es. 1 

residi<n: tfo:c::. wer~ used. Pa.rar.C?ters scch. as elcil;aticm, cien·;ity, it.cch.:?:ti'!e:-;. 

properties ~er~ deten::incd. Also on the best oxidised fibers, carbor.iz~tio~ 

studies. ~lrc.:idy commenced. The shrinkage, wight los·s. dcnsil"V, mech~nical 

properties ha~e been determined on s=ne of these fibers. Spinning experi~ents 

are being a:odified based on ~hese results. Active work is going on to 

assemble the pilot plant carbonization furnace. The required utilitic,;; are 

bein:; provided. 

Surface trc~tmcnt experiments were conducted with a modified set-up and u~iuc 

untrcati:d r.K Co.npany supplied carbon fibers. These stuclies ~ould give an 

idea to standardize the surface treatrcaent on CTA mac;c carbon fibe::n ~ The 

trcatad fibers were used to unidirectional Ji:raittatcs u5in:; epoxy resin:i. 

The !lexural, interl:uninar shc~r str~n~th, etc. ~er~ determined. Alr.o 

Gizing wa& inLraduccJ ~:t~r th~ ~urf~ce trc~t=~t as it i~ rcquir~d to 

k.::cp th~ Hb~ri> Lo;.Lhr-r. 

I 
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tccL•.h:ucs. 

T.Ce! Kcs~=l th:: counterFi!irt Pro,;.?ct Leader, ffcnt on study LO\!'[ .:ilon& \;ith 

tt.;u of his collc~ucs for discussio!ls uith persons in Ii!: Com.;>~y i.!ho are 

experi~nccd in carbon fiber technology and vho well oKidation ov~~s .J...~d 

carbo:ti::t.:?tior. furnace. I .Cel Kessel could h~ve the first l:ai?d information 

on the pos!iiole ;>Urchase aspf:•".':ts of these cquipmc:it. T .Cel l~es!.cl vis! t~cl 

DNil>J for ciiscussio:ts vith rcg.nds to the II phase project. This tol?r helped 

him in undcrst.:iotling and appreciati~i th~ potP.ntial of carbon fibers. 

5(!!;ie of exp<!rts who attended the Conference al~o consul i:.ed the groi•p. 

...... 

------- ...,_.,....,._,. ___ ,, __ .,...._._.jp._ .... 1_ I.,--•..--,,, .. 
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Output c.~ l h.:;s alrc&&dy :u:hi r;,vec!. llo\."cvcr. the to:~ should b~ in co&:st1:nt 

contact uith dev~l.,p:ental acti .... ities el.iE.where. in th.? s.:-orld. Further 

inr,>~O\'C'.'!:cnt in En:;lish langu~ge will help the cotmtcrpart scientist in 

inteTacting-vith people outside Brazil and could help in using the 
li t.erature. 

Output n9 2. ?-!ost of the output 2 achieved. Hovc~cr. the counterp~rt shoulrl 

n~ ~ork on m'IJX; purchasedpilot pl~nt carbv~ization furnace and should 

work cootinuo~ly a 24 hrs basis. and should procluce P.~,-ox ar.d carb.,n fiber£. 

Output 3. This has already been achieved. 

Output 4. As far as required h~ve been CO!:?plcted. However, sine~ the pilct 

plant carbc;niu:ticn furnace nrdved recently all the utilitic£ :-..honld ~'e 
C:>llrr'lct•::i 3S Soon as possible to vork on this cqujp!DC:lt. 

- . . ., -- . ~· 
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L sm:=A: 

\.{)n 
C,,• L'~ 

. 
• f_ . , • • 

I v. . ' !'\ • {• ,:f JI • ·, ,. 
, /. I I:. ,., : I , f • ,,, i:: • • J ' -\;I ·lfi.1.,, .. ·;.'L ;_ .. ,.,.,,,., J1 ft.i: l·/r-1 , "' v" v \..- ~L~ L ..,,,,; ''1,,:L.: .. v'v-·l 

. ; 
~ -· .. 

I . 

·ri&<:: p?"'C"jc.::: h:~c!:: ~j~ficuJt ~t.?..?:t d-.ie tC ::-~~~fact tl!Z: r:~.'.1 or!~ .. ;~s?:~ C'°·\~!11Cr::·.:.t 
p.:-rso:-1i;c l ~-;c=~ <~\·::i~c.t.le. i!o,:cve::> c!~t: ~·.J· ti·~ cjFc_ .. ::-::E= C'f ;:.h~ :-~,.;l .~~-;~2! r·:-l·~:.::..;. 
Dji~•ctor <mt:~;!.:: ·;.:.:·;~.-:tlia· of CTA the i:.;;_:..u.:-:t:ic.n d:::;:~..::J r·r:,:::-.tJy. Th~ Sdc:-,~ .. !~·. 
i.c1·.ri-:.:.r to tii·.: ;1-.:i:• ~: . .:: \-:~·:> ver;· hal !,'I~ u l ;,;,:'\ i»:t:. in~~ !.: ';-• .:? I•t"O j('t;C =·:l s:i 11 <.; ba ~ ,i !=

anC: gav..: a s;·~;!t ~-·'11. C'f ~~t·i&t:41l1CC i!l r~.zruitii1':r.t of t~;e bc:st ; .. v;ii]Gble CC'~!!
sult'1'1i:!': in L'°:is f i!!ld ,nnrl l·:as V.:'ry helrft.:l i:? pl?.~·e:::::r.t O~ tr::i!'H~CS 2.nc! i~1 
th<? :;~u:!y •~·\Jl- ::;. 

U.:: ;,l:;u :i12~'il! it. fit>£·~.i.blc to £~1t nn P.>:c·i:?l le:-;: Chie( T~ci:nicil? Adv.i.eor \-.ho 
helped in trai1,i:1~ ;md m.-~turDtfou of t·he te::rn th:?t can ·now fun.::ti,in :ilc.•ne 
elr:hough it: ~:oult! h.·,-;.'.? ht~c:n cfcsir~~le thzt he i:o11l.:! h.:vc tt: ./•~d ::n•H·itcr ye~--:. 
i'he prr..j.~c:t will ~~ c;:f.f:nc!·;;d to lhc c:nd of 19o5 b.?cause 01 Ph;-.;.se l! rd' the: 
pl'.'.>jl.?i:-t i$ <••!"..!'11;7 b.::l.n~ 1n·e:p:.ri°{!, th·? ci:;jactive.;; l:~,::o~ to ~=:~i:;t )1; tiic 
.it;>pl.ic;;~i.,:1::-: ,;r t!;a Cu:·l.on 1i1:1c.:~ ~nd i~ is dc·:;ir;ihlr! t!l~:t ::iie !'h;'.sc rJ wUl 
be: iJ n:.&.:1.:.:i. CL'~: im:: ~Jo1; c! P!t ... ~~a I. On Lhc- w:1,,le: t'.::o proj.:t·t !aM: achic:\·:el.! 
it!i c•?,;ccti .. :r:~ :m•! , .• :.i be cont-h~eTt'!d -.1~ a r.11cce:-;i:;!'l:1; pn•j1: ..... 

c.. \':!,::! !=~~ .. :d~~.;r?":: "r th;~ r;::: b '"~01; .. ::;r.:r;!!~:.:? 
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Brasilia August 7th, 1984. 

C0.~1.E:-JT rCR Ef.;D~RSS-::NT Of PER CGVEnrn;:; PEr'UOD DEC 2nd C3 -

JUME 29th 34 c=- 8RA/8l/TOl -(PAG 5) 

Enclo.~cd .:~ here·dth PER with tile followir:g cor::~r:~nts (1): 

a) Sta·:rtir:g J2n~2ry 1984, B::::-ig. Piva to:::'.' office c:s Dir.-:ctcr of 
"Centro Tccnclcgico Ae!"c;.;spacial" (CTt•). He is Ci PhD fH.:m 
l/• S'",·-"h••c:c:e"'" Tn<:'·'--u'·e (j&' Tc,..r..nol'"''JY crirr) -nd as ..,,rr. he r1Q .;·c...-! U-- ""..,) - - ;..~ L. ~ JI ~ _, t; I -...:_, •1 Cl ;;.>'-•~• l r t I 

is rc~lly &ble to und:?rst:i:-td R and D work. I ha"e talked '.':ith 
him e:fter hi:; b::::oming the Director. He fuliy su:;fJGl ts the 
prnjec-:. an·:-! is q=.;ite c~r1scious that H constituLE:~ a very 
ji•;E::2nt vcGt;;re i.1 term; cf prod· .. .ic.t to be pf~Lu:~d (ca..cbor. 
fi~·::: i and i.!1 t~:rr.:s a f creating : tc:-::::a ~f inrro·-::::t~ ·:e p~:.p:~ 
'-ti t!·1 ot .. n:or::-·::-!y to ~~e-::p on t'C·:-~:.:n~ •·:i tri t~1is or o·~~~r fib~:,.s G~~; 
m~tE:r.;.=.ls ir. t:--,~ fut1.1re. (2) r.~ !3 qu:itc awc::ce r::· t.•-.;: .. !·:c~;J to 
ke:;:p c,r: ~~=~:5:;:_; ~1i9~~ly c;u:::Hfier! per.so~1~: to tk! t:a::i, to ke;;-;J 
th~ prescn~ ~2~~:;~=-:~j i:i tt:z p:-oj'":~t :J:1j c.~.so to contin~e 
irr.;n:·.:·v .ir.g it. He is also ccnsc5.:us 2ti:~r: th2 kM2rship prc:.;1 ~:-::, 
the r.!:c:.I to C'J<:",~lete the p:-.ysicell f a::ili t.i es :::.:-:d z:;cu'.: the 
lang~J;2 pro~le~. 

b) Th-= prcbl~m c:if lea1:rshi;:l, whkh I disc•Jss:::d in t!"1-2 p!'evic:;s PE:R 
and lett(;rs, is in the wf.y of being solved vfa tr.,::; p·:rmar.::nc~ of 
D1 Naga!x.:shsi 2;:i nt CTA. In this aspect, Br:ig Pivn am:: Cnel Kessel 
are und~rt~king all efforts to m.:::ke this possible. I w:int to 
in$ist that we shci.;ld also· do our litm~st to heir ir; this process(3). 
I thir.k the pr~~eri::;- of Dr N~-;~t.ushurl"i:1, using r,ii;-, as m2ster, is 
absolutely eEsential to form 2 n~tio~al lca~:r. 

(1) The- coin::-.e;--.t.:; p.;:rt.!.y refer to r.·,y prcvicu::; ccrn:r.ents to l&~t PcR, ple<:;;!:' 
refer to th£:n. 

(2) 8J' this I d;:i not r.:::.n thJt we did net have well a s!:.ro:lg b::cl<.i~'J fro;~ 
Brig. f·~~!ne:;:es, 1·:ho ""a:; i:i~ c"'tr:..rr.-~ly :ible mar, t.co ~::d ·.-,ho g~ve full 
sup~,ort lo c~r proj'::Ct. 
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The process of na!..L!r-~tion of t:1e team continues en gcir.g, the 
p:..-o-:-::sses an:! technologies to rro=1uce the carbon fit~!' and 
precur$o; at b::;i1ch scale and r •.. at pl~r.t are beir.g ceve~.op~d. 
Th~ n~ce:sary eq~ip~~~t is being put into ple~e and in cp~ratio~. 
Supposir:g that w:; st::::~essfully cc::.plete all ti~t prn~e!;S, th~ 
introd~ctfon cf c;ll t:--:ct at lhe ind.;strial sc~le dll be::o;r:e 
impor.·::._;1t. In this ser:~e, the CIA is ta~~ing the rig!·,t st£'.1$ too, 
namely: 

i- the contrz.ct between CTA c.nd CG:"'Er~~ which ·:;-cuh: include 
the fina!ieial help frc::i the latter in the fin3l stages or 
c~velopm:.nt r.f the tecr.nalogy at the CT1:; L:r;j the respoi1s;;nii ty 
or CQ.='c}~ fo• the work which is being ::a:-ri~d out at FISWt' i:) 
COF:::;.E will inject the necessary r.::i;1ey to cc::-.;ilet?. the ·,·i.J:·:-: 
at pilot sea::.~ the:r_e and to install the si.;~SC(f . .::.nt indt.:~t: i~l 
production. 

ii- Ce! :<es::;el is already ne?.Otiatir.g d th a c~;;pany, the 
tect-,nofo;y for the pro.:!:.:cticn of cx.idl~~d Pf\;·~ (at :rat!:! ~: 
5 t.(".·r/rr.;:rt~1}, ~·;f,i!:h i:> ve·r~' i~~ort:...1t in t::r~s a: s.tat·i::.!~5 .. :~1 
part o i the ~:·G::!~ctio, cycle. 

iii- r-~itzui ~a~. bee:1 J.n!t!nting t~1e prc::;~cL.!o::~~r· ~:::::--;~;_: l!S5:1g 

ir.p~.::.':.i ~==-r~0:~ :-it~:·. Thiz is -.·sr1 ~:::·J~ ... ~r-~.t~ -~ i~.cc: tf~cy ·.-:il! 
c~c~ t:1:: ~i=~~:£"t for c;.i!·~,:;~1 f~_::;r {~t [:.:~R;::~ c~!~ ct.!"';:?.!·s). 
Su~s-~t=1UE:itl1, c:~cc the lc:al prcs~ .. --:tic:-'t of c::r~::·:. fib~; attc:~;:s 
the right ~;,.,e;lity, H. will bf: r.r~~-Y a ;,;::iti::r cf ~-~·--.stit!1ir.J 
th~ ir..;:lO!'ted c~:bo:i fiber by the r.atic:-:al cn2.. 

(3) cco:·!T.) ci..;tsic:= Elnlzil in such a way that he does not ·feel thct he is 
getting out of the "jet S;?t" in his area of· exp~rtise. 

(l1) FISH~~ is a c:r:i;>aratlv.:ly quite s:nall co~::;J~:ny ·.:hen cc;;:;:;ared dth the 
r.;otl~~:i:" c~:r.;;<.i'r-_;: co~::~-:~ I b::sid~s til:.t. FISISM is golr.g thrcu~:r a bad 
f5.r.aiicia.l si tuatior1. 
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d) At CTA, Dr Na~::;.bushar.a:n continues to be c:n extrc:i.ely iii.p~rtc?nt p~rt 
in the centinuing m:tu:-~Liun of the tc::.:•i. His presen~e is c:s~€r.'.:.ic:i 
5n th'.: cor.!ple'Lion cf the w~ole pro::ess in ,,hich ;-.:e 2re involvsd . 

e) In terms of actio~s required I wo~ld add: 

i- To complete es soon as possible the process (be it with 
the Sta Ciara coo.pa:-1y ir. erazil or any other ) to make t:ie 
prc;duct.~c:.1 possible end p:.Jt iiitc q:::::=ratic:1 tht; stabilizz.ticn 
furne;cc ~L the appropriate c2;:iacity (1 - 3 Tci1s/year ). Unit 
repo:-isz.!:·!~: CTA with Ui·!IDO' s hcip. 

ii- Evzn if it rr.c.y appear a sidelin~ r.:.1tter, the f:E:ain h~s to 
b:::co::~~ r.:::re proficient in Engli$h cs to e:·:~:·2~L th~ r::;.:;.;t 
out of ttie cct:s:.:lt ar:ls ar.d scie;iti fie and te:::h:.1.ic.:al Li t!::!:r:-a!:ure 
in gener:il. 
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