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Thomas Miiller : Durmersheim, 21.August 1932
\-\
Hitterstrasse 17
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REPOY OF MY ACTIVITIES AS UNIDO-CONSULTANT IN THE

!CARJ}ON FIBRE PROJICT IN SAO JOSE DOS CAMPOS, BRAZiJ

ST/BRA/81/001/11-6%/3%2.1.1

—

Duration: Three months; from 6.May to 5.August




Activities in general

My activities os UNIDO=expert in the carbon fibre project in
Brazil from the 6.May 1982 to the 5. August 1932 are mainly

covered by the following items:

a. lontreduction of analytical me thods for the characterization
of PAN-precursor libres, oxidized PAN-{ibres and carbon
fibres as well as for the stuildv of the progre=s of the
stabilization and carbonization reactions during the

manufacture of carbon fibres from PAN,

b. Stabilization and carbonizatlioun experiments of PAN-fibres
from COURTAULDS (S.A.F.) with variation of process para-
meters in order to improve the yroperties of the resul-

ting carbon fibres.

¢. Stimulation of basic research work im the carbon fibre
field including the modification of initial PAN-{ibres

by chemical treatment.

d. Teaching the brazilian staff in the understanding of the
basic chemical aud physical chawnges during the pro-

cessing of C-fibres from PAN,

Detailed description or my activities

Jtem a

The techniques and evaluastion of data from DTA=experimnents
with initial PAN<fibres aud oxidized PAN-fibres have heen
teached, using the new DIA=-equipmnent, purcha<ed by tbhe UNIDO.,
By the results from experimonts with linear heating rate it
wag possible to cxplain the different thermal behaviour of
PAN according to a differcot chemical comporsition of the
tested polymer samples.

By performing systematic isothormal DIAzexperiments hetween
220 and 27000 using PAN-gamplos with different comonomers
and differant atmospheres (afir, nllrogen).nnd evaluation of

tho kineotic data for the cyclization and the oxidation of PAN
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the int'lucnce ol ithe comonowmer - (E.g. in cacso of iiaconic acid
as comonomer an accelerating effect on the cyvclization and
oxidation rates) csuld be shown to the brazilian staffl.
Furthermore 1 have shown to the brazilian staff how to measurec
guantitatively tbe progress of the cveclizntion in the different
zones ol the continuous oxidation furnace by performing DFA-
experimenis with linear heating rate w th fibre samples
collectod frowm cach zone of the furunace.

L have trained the engineer Arnalde, since April in the bra-
zilian team, in all details of ihe experimentnl DPA-techninues

as well as in the interpretation of the DTA-recultse,

Two technigues for the sample preparation have been introduced.
The spectra wero obtained from a Perkin~-Elmer spectrometer,
which j« located in the chemical department of the ITA, but
can bo nused by the carbon fibre team without limitations,
By dissolving PAN-fibres in a suitable solvent and reprecipi-
tating the polymer as a film it is possible to get IR-epectra
with good resolution and high reproducibility. This i< a
precondition for tho eva.uation of guantitative data from

~ the spectra,
I have tcached the brazilian staff (Eng. Arnaldo, Enf. Simionato)
to use this technique for the quantitative determination of
the comounomz2r content after calibration with samples of known
comonomer countent.
1 have shown furtihermore how the 1R~spectra, received from
oxidized PAN<fibres and prepared as KBr-disks, chn be interpreted
with respect to the progross of the cyclization of PAN by
comparing the extinction of characteristic groups in the spoctrum
of untreated PAN with the spectra of PAN-samples, heattircatled

at differcnt temperatures and different timee«,

Method for the measurement of the fibre densitv

A sink~float mothod for the deunsity measurement of fibree wa-«
introduced by me., By this very simple and quick method it is
possible to measure the density of initial PAN-fibroes, of
oxidized fibrous as well as of C=f{ibres, In cowmbination with

the measured wolpght of a certain length of a fibre sample 11

is possible to calculate the averape cross-<oction of t1the fibrers.




The increase of tho fibre densitf of' oxidizeod PAN-fibres with
stabilization time aud temperature gives usofull qualitative
and gquantiitative informaticns on the stabilization reactions.
Tho results of tho densityﬁnasuremen1s of the f'ibre< in the
different stages of the C~fibre processing were discussed
intensively with the brazilian team with respect to the
optimization of the process and theproperties of tha recsuliing

C-fibres.

ftem b

The stabilization parameters for the COURTAULDS-fibre, used

by the brazilian tcam, have beon 220%C for 7 hourc at an everall
elongation of the fibres of 6%. No variations of thesee pavamecters
bave been done in this continuous one sfcp experiments before
my arrival in Brazil. In order to find optimized stabilization
parameters for the future two step or three step stabilization
in the pilot plant, the brazilian tecam started under mv advice
systematic stabilization experiments with varied stabilization
temperaturos and times, also in two step experiments, where the
first step was a siretching step at temperatures between 150 aund
22000, and the saecond step was a stabilization (oxidation) step
at 220°C and higher temperatures (isothermal and programmed
temperaiure profile) for different fimos.

All Fibres resulting from the experiments alrcady performed
during my stay bave been analysed by mcans of the analytical
methods, described in Item a of this report. The results of

the experimsnts have been discussed with the brazilian team
(Eng. Simionato, Eng. da Silva, Eng. Arnaldo). The properties

of C-fibres resulting from the oxidized PAN-fibres of these
exporiments have been compared with earlier results, The

tensiie strength of the C-fibres was in nearly all cases

bigher than before, Especially Ly the introduction of the
stretching step (up to h5% elongation) the tensile strength of
ithe C=fibres could bo improved up to about 50% (hiphn;i

tensile stivength %. | GPa). Aun optimal stretching temperature

of 190°C was found.
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The experimonts counld not be finished during my stay because

of the great number of varjations necessary for an optimization
of all parameters. But the resultls showed alrcady the diroction

for e further experiments, which will be done by the brazilian

team altor my leave.

The exporiments were accompanicd by discussions about the basic
changes caused by the variations of the paranetlers in ordexr to
teach ihe braziliau team to perform similar optimization studies

wilb other fibres ihan the exclusively used COURTAULDS-fibre.

Bofore my arrival in Brazil, it was already known to me, that

the brazilisn team used a carbonization temperature of 100000.
With respect to a maximum tensile sirength of C-fibres, a heat
treatmeni to higher temperatures i« nece<earv. To find out the
optimum heat trecalment temperature (Hr1) and to show %o the
brazilian team the increace of the Youngs modulus with increan<ing
H1T, I have initiated systematic discontinuous heat treatments
between 1000 and ZSOCOC with C~-fibres, continuously carbonized
up to 1600°C (COURTAULDS=fibres, =tabilized 220%C, % h, 6% elonf;
carbonization with 7% shrinkage). Similar earlier experiments
fajled because of 2 contamination fo the purge £ac in the
graphitization furnz .e. By a carefull oxygen and moi«ture
removemcult and, moro impor tant, by a change in the purge g3

flow diroection inside of the furnace these problems could be
solved.

Maximum tensile strevngth of at about 2.6 GPa was f'ound between
1200 and 1’3()OOC (1()0()00: 2.1 GPa), the Youngs moditlus increased
lincarly from 165 GPa at 1000°C to 280 GPa at 7500°C. The

carbon fivre yield ~fter the heat trcatment was betwecen 55 and

50%, depending on the HTT,
Jiem €

Recause 1 have found, that there exist severe lacke in the
basic understanding of the chemical and physical changes in the
fibres during the processing of C-fibres« from PAN, I hnve
initiasted some =mall ryesceaych prograsmmes, which c¢an help to

improve the knowlodpge of the brazilian Leam,
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Une of thcse prograumes consisic of the modification of

initial PAN-~fibres by a ireatment in nitric acid. The firet
experimonts have already shown, that the rate constant of the
cyclization can be incressed considerably (e.p. 50% for PAN-
Tibres, treated for 1 bour im beoiling mnitric acid, 10%). The
experimental work consists of the treatmenf of different PAN-
fibre types for different times in nitric acid of various i
concentrations, IR~ and elemental analysis of the mocdified
fibres, DIFA-experiments with the treated fibres (evaluation

of stabilization kinetics), icothermal stabilization experiments
and subsequently carbonization and testing of the reculting
carbon fibres. The experimental part of this program will be
done mainly by Eng. Armnaldo, because he is already common with

various amalytical techniques to be used in this work.

Ttem 1

After my arrival.in Brazil, I didn’t see a chance to teach the
brazilian team by giving some lectures or scminars because of

the limited knowledge of the English language of the {ecam

members.

. I found a bettexr way to improve the theoretical knowledge

by discussing intensively the different theoretical ac«pects of

the carbon fibre manufacture using the experimeuntis performed during
my stay as a starting point. This discussiones coverecd a

relatively long time of my daily work, but were cuccecefull

because {he language problems could be overcome in lhies way.

Commonts and recommendations

My general improssion of the carbon fibre project is, that it
will be possible for the brazilian team with the belp of
UNIDO=-oxports, to produce carbon fibres with proprerties com~
parable to those of commercial C~fibres., Thie is the case,

if the COURTAULDS-fibre (S.A.F.) is used, which is a Fibre
especiacllyffor the manufacture of C~fibre,

But 1 see probloms, if bLrazilian PAN-fibres, which are still

to develop, arc used as procursor material. Onlv with a good
basic knowledgo it will be possible to find out the «uftability

of now fibre types. Therefore I recommend strongly, to bring




tuv kavwledge ol Tne Dracillaa 10 LAC aal LUtUL e Ba o

a1goer level., Otherwise also the work of Dr. Nagabushuam
can fail, becausc a succes of his work depends strougly

on carefull and complete experimentai stabilization and

carbonization work in the carbon fibre group with the

PAN-Tibres developed by him,

| I .1 | [ [ [







	0014A01
	0014A02
	0014A03
	0014A04
	0014A05
	0014A06
	0014A07
	0014A08
	0014A09
	0014A10

