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Ref.: Project ST/BRA/81/T01 
Job description ST/BRA/001/11-74/32.1 H 

Title: Consul-ant in stabilization and carbonization treatment 

Mission to Brazil, carried out between April 27 and May 26, 198~ 

Time Schedule 

April 27, 1985 Travel day Karlsruhe - ~iani 

April 28/May 1, 1985 189th International Meeting of ACS 

May 1/2, 1985 

May 2-7, 1985 

May 8, 1985 

May 9-24, 1985 

May 25/26, 1985 

in Miami on 

'Carbon fibre and other ~igh performance fibres' 

Presentation of the follo~ing pbp~r: 

'Optimization of stabilization and carbonizatio~ 

treatmtnt o:- PA!; fibres and struc~ural characte.::· 

ization of the resulti~~ =arbon fibres.' 

Travel days Miarr.i - Sac Jose dos Campos 

Stay at CTA, Sao Jose dos Campos 

~tay at SANTA CLhRA, Sao Paulo 

Stay at CTA, Sao Jose dos Campos 

Travel days Sao Jose dos Ca~pos - Karlsruhe 
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5.3.1 Thermocouple heating zone 2 

5.3.2 Oxidation of heating elements by water contarninatio~ 
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1. General 

According to the Job Description ST/BRA/001/11-74/32.1 H 

of April 1985 {Consultant in stabilization and carbonization 

trea~rnent} the subjects have been the follo~ing: 

{1} Report newest state of carbon fibre technology 

(2) Advise carbonization intermediate fibre produ~t (stabilizec 

PAN as multi filament two frorr, SIGRI) in CTA pilot furnace 

(3) Advice handling furnace and improvement of it for lower 

nitrogen consumption 

(4) Advice development optim~~ stabilization cond~tions by 

laboratory methods (OTA, TY.h ana others) 

(5) Advice surface treatment of carbon fibres 

(6) Advice testing carbon fibres in model ccmposites. 

Contacted CTA-mernbers and their res:-onsibilities wi t.:1i:I the UNIDO

project: 

T.Col. RUNIVAN WELLINGTON SILVA (chief of PMR-division) 

Cap. Scyllas Souza Costa (responsible for tte wh~le 

carbon material gro~p) 

Mr. Angelos Simionato (carbon fibre group) 

Mr. Heitor A. Polidoro (grop~ite groJp) 

Mr. Francisco Xavier Carval~o (co~posite groupi 

~I. Joao Renato Santos Martins (su~face treat~ent of C-fibres 

Mr. Josi Louis G. Da Silva (thermoanalytical methods, 

carbon fibre group) 

M~. Ruy Rehder (spinning of polyacrylonitrile) 
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2. Polymerisation of Polyacrylo~itrile (PAN) 

The group has synthesized about 50 samples of polyacrylonitrile 

with different comonomer content of methylacrylate and itaconic 

acid by free radical polymerization. The synthesized polymers 

were characterized by visconetric and differential scanning 

calornetries. 

+, 
I 

The new.polymerization reactor (see fig.1) allows t:-1e production 

of large quantities of polymer material which is necessary 

to perform the p~anned spin~ing experiments. 

There are still son~e problems with the humidity content of the: 

produced polymers. It is still too tigh for to get a good so

lution of the polymer in N-!-i-dimethylformamide (O:-:F;. 

They now will solve this problem by Lsing a fluiciizin.:: bed reactor 

for dryir:g.with heated nitrogen (see fig.2). 

+)ccrrpare final rep:>rt Dr. Nagabushanarn (1982-1984) 

3. Spinning of PAN-Fibres 

The laboratory wet spinning assembly (see fig.3) is working well. 

They have produced about 250 samples with different spinning 

conditions. All samples are completely characterized by the 

viscosity of spinning solution, the density and the mechanical 

of the resulting PAN-fibres and by differential scanning calc-

rnetry. 

It is especially the success of Mr. Ruy Re~der that the spinni~q 

activities started last year with an a::r1lic ):01:..:rrer S"Jpijlied b::· rISEY 

can now be: expanded to the polym~r material of ow~ production. 

4. Stabilization of PAN 

4. 1 Detel:mination of temperature/time frof iles bv t.hermoanaly

tical methods 

The transformation of the meltable precursor fibre into 

an unmeltable ladder-pol;r.ner is the most diffic•Jlt step 

in carbon fibre production because of the cc~~lexity of 

the chemical reactions. The Differential Scanning Calornetry 
~ 

(DSC) and the Thermo-mechanical Analysis (Tf.~) ~llow thL 

determination of temperature/time profiles by measuring the 

heat flow of the reactions and by meas~ring thc resultins 

shrir.l-.aqe of the polyr.{.r cha:..r .. (S0(; flC_Li:a,t1. 

,c:.,.....,,, 1rv'4 
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Tr.e nerbers of the carbon fibre group were trai.ne<.i L:r :-1self to use 

a special method f0r determination of the best reactions para

meters (T start, T Final, T/min). 

This is important because expecial ly for fibres of cw:. production 

the thermal characteristic of the stabilization f~rnace must 

be adapted for each polymer composition. 

4.2 Stabilization Furnace of SANTA CLARA 

The furnace produced at ShNTA CLARA in Sao Paulo rr.~st be able 

to realize a temperature profile near tc that founc by thermo

analytical methods. 

For decreasing the costs, the furnace has only three horizontal 

heating zones, which allow a three-step increase of the teropera

ture. Latest results have shown, that it is useful to avoid 

a decrease of the temperature of the fibre when passing the 

rollers. 

Because of this reason some modifications are usef~~: 

- Possibility for temperature control of the rollers. 

Protection of the roller surface against heat (s~licor. instead 

of rubber) 

Exhausting syste~ especially for the part of the furnace ~he~e 

the rollers are installed (to avoid co~taminatio~ with tarry 

l::.}-products) . 

Furthermore there must be the possibility for a vis~al contr0: 

of the fibre during stabilization process. 

Tne first run of the stabilization furnace will be about end 

of June 85. 
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5. Carbonization of Stabilized PA:: ('·:~:ti-fllar..ent-Tow fron. SIGF: 

5.1 Handlino of Carbonization Furnace from RUHSTRAT 

The nitrogen consumption of the furnace is one important part 

of the costs during production. The amount of nitrogen is no~ 

about 6 ~3/h. This value can be decreased by use of special 

brushes made of carbon fibres at the in- and outlet of the 
+ furnace (see fig. 5).}This will be prepared by the carbon 

fibre group in the next weeks. Furthermore it is useful not 

to sto~ the furnace at the weekend. The temperature should 

decrease to about 5oo0 c and the total amount of nitrogen can 

be reduced at that temperature to 2 m3/h. In this case the 

furnace can start again very quick on Monday. 

The electronic control (see fig.6) has to be optimized to 

avoid oszillatio~ of the temperature inside of the furnace. 

The people at CTA, especially Mr. Ruy Rehder are now able to 

do that by themse:ves. It has to be controlled after each ex

change of the heuting elements and after long periods of usins 

the carbonization furnace. 

5.2 Constructio~ of a Guide Syste~ ror Handling of Multi-Filament 

-Tow f ro::l SIGRI 

The stabilized intermediated prod~ct of SIGRI (multi toh) neecs 

a special treatme~t of get a parallel spreacing of the 220 oo: 

filaments. The use of some different prototypes of guide syste~s 

gave the optimal conditions which are necessary for a sufficie~~ 

spreading of the multi tow (see fis. 8a, b, c). 

The guide systems are made of polished alumina tubes. 

It is planned to complete the syste~ with some banana tubes 

to guarantee best guiding also at short absences of the tech

nician, who controls Lhe fibres at the guide sy~tem. 

+) b:z· courtesy of Prof. Fitzer. canpare also the publication 

FITZER, E., HE:rnE, M., Offer,legungsschrift Deutsches Patentamt 

DE 33 25 521 (1983/1985) 
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5.3 Problems with Carbonization Furnace 

5.3. 1 Thermocouple Heatirg Zone 2 

The temperature in the se~ond heatin~ zone 2 (s~e fig.9) 

is measured by a W/Re-thermocouple. Tr.is thermocouple 

needs some additional protection against oxidation at 

the high carbonization temperature b:;• installation of 

a gas in- and outlet for argon. 

5.3.2 Oxidation of Heating Elements by Kater Conta~ination 

inside of the furnace 

The watercooled covering of the furnace can cause con

densation of humidity inside of the furnace. To re~ove 

the water inside o! the furnace it is necessary to heat up 

the furnace to about 200°c with opened top outlets. 

To avoid a recondensation inside of the f~rnace, it is 

necessary to reduce the amount of cocling water. 

Otherwise it is not sure that all humidity is out of the 

furnace a~c remaining water will be cracked into nitroge~ 

and oxygen and causes damages of the heating elements 

(see fig. 10a, b}. 

Over~eatinc of Transformer (Heating Zone 2) 

T~e trans:ormer of the second heatin~ zone s~owed after 

so~e days of peration an increase cf surf~c~ temperature. 

This overheating caused some tea~s 2~ the covering of t~~ 

transformer (see fig.11a, b). This risfunction is reporte~ 

t.o the su!lpliers, the (.;erman canpa.'1ies SIGPl.: ane 1UH£TRAT. 

'Ihey try to expla.i.r, this effect, which is responsible for such a 

dairage:. 
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5.3.4 Lack cf Spare Parts 

It is absolutely necessary in any case to have encugh 

spare parts when usirg the carbonization furnace. Es

pecially the W/Re-thermocouple and the heating elements 

are not available in Brazil. 

There are also some electro~ic parts for controlling tte 

speed of trios. The parts w~ich cannot be bought in 

Braz:l are listed in table 1. 

The CTA g~oup has LO~ some experience in producing 

heating elements with different design but the same 

electrical resistivity like those from SIGRI. 

One of these heatin~ elements will be ~ested at the 

research labs of SIGRI (see fig.12). 

5. 4 Clear.ir,g Conditions for the car;x,n -Fibre-Plant 

There is still no sufficient solution to·guarantee clea~ 

roore conditions for pro~uction of carbon fibres. The bi~ 

production room (see fig.13) has no possibility 'Jr in:e~ 

of cl.ea!1 air. 11· sununer, when ;i 1 J. windows are opened, 

there :.s co:-itamination of the fibres by dust. 

The carbon fibre group will solve this problem by dn 

air- i.'1let wi t.1 dust-f il tratior., ?erha:;:is with air-condi

tioninq when there is enough money for to do it. 

A short solution will be a dry cleaning every day with 

additional wet-cleaning eac~ week. The·windowsshould bE 

close~ and the inlet of fresh air will come from the 

inside of the neighDour roo~s. 

5.5 Handling of the Waste Gas of Stabilization and Carboniza

tior. Furnace 

The use of the multi-tow frcm SIGRI for carbonization has 

show:-: some lack in the exhauster system. The exhaust o! 

the carbonization furnace should be changed to exclude 

tarry byproducts can drop back on the surf ace of the 

furnace (see fig.14) and cause conta~inatio~. 
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Furthermore the big arn·:>Unt of ~aste gas can cor;1e back into 

the p~oduction room by the air-conditioning system. 

~he carbon fibre group will simulate the distributio~ o~ 

the waste gas by coloured smoke. In any way it will be 

necessary to change the positi0n of the waste gas outlet. 

Perhaps the only solution will be to burn the ~aste gas 

especially when using the stabilization furnacE simultaneo~s 

to the carbonization furnace. The amount of poisonous was~e

gas in this case will be too hig~. 

6. Surface Treatment of Carbon Fibres and Testina of Carbo~ 

Fibres in Model Comoosites 

The equiprr.en 'or anodic oxidation is ~ow connected to 

electrical power. It is now pozsible to oxidize the carbon 

fibre directly after carbonizat.~n. ~hen usind multi-tow 

instead of special tow the rollers in the oxidation cell 

have to be changed (see fig.15). In this ca5e rills on the 

surface of the rollers are not practicable. 

The composite group uses the dry-winding technique (see fic:.16 

to produce prepregs for model composites. They try to con

struct a new wi·1ding system with a larger bobbin and the 

possibility to use the wet-windins technique. 

~- Prooosals for Future Inv~stiga~ions 

7.1 Polymerization experiments 

The radical polymerization of homopoly~eric fibre and 

fibres only with itoconic acid is n~cessary for ~omparison 

with those compositions which are just synthisized. Sa~ples 

of the synthisized composition are ~ow in !CT Karlsr~he 

for comparison of the results from DSC at CTA. 
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7.2 Spinninc Experiments 

Ti.e usej FIS IBA polymer should be spun with higher stretchin~ 

~alues to study the influence on the mechanical properties 

of the resulting carbon fibr0s. 

Sarples of the spun fibres are no~ in ICT Karlsruhe to get 

so~~ further information by thermoanalytical investigations 

Fur~herrrcre the synthesized polymer material (compare 7.1) 

sho~ld be used for spinning experiments to get different pre

cursor material for stabilization and carbonization. 

7.3 Determination of Temperature/Time Profile for S~abilization 

Treatnent 

The necessary temperatures and residence times for the fibre 

s~c·.;ld be de terrr.ined by DSC and ~r-:A ex per irr.er. ts. They wi 11 

be different for each fibre type and can be influe~ced by the 

SFi~ninq conditions. 

7.4 Determination of Temperature/Time Profile for Carbonization 

Process 

A lot of experiments are done during my stay in Sao J0Si.-

It is no~ necessary to look for the ~echanical prc?erties 

of these prod~cec carbon fibre multi to~ i~ correlatio~ to 

the ~sed carbcr.ization temperature. These experime~ts should 

be co::ipleted by carbonization ter:-.perat..ires between 400° and 

10C>:J°C. 

7.5 E.le::-:ental Ar.alvsis (C, H, r;, 0) of the Ir.terrr.ediate Products 

(Stabilized PAN) and the End-Product 

The sta~ilized PAN-fibres and additional carbor. fibres sould 

be investigated by an elemental analyzer to informatio~ abou~ 

the stabilization mechanism and degree of carboniza~ion. 

7.6 Op~:mization of the Surface Treatment of Carbo~ Fibres 

The ne anodic oxidation CAll shoJld be used to find out best 

oxidatio~ conditiors. Th~ cxidized fibres should be tested in 

cc-. inforr.-.a~ion about the .-:;;.;ffic1cnce: cf t.hc 0x1d:J~:..o:-: pr0ccss . . ' 
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8. Findinq of the Mission and ~e:cor.ur.er.dations to the G0vernment 

The possibilities for research experime~ts at CTA are re

markaole. With the new stabilization furnace from SAr!TA CLAR; 

they will be able to produce commendable results which can 

contribute to clear tte complicated chemical reactio~s 

during carbon fibre production. 

In any way the success will be influenced by the responsible 

manaaer ·of the project w!":o si:ould have a very extensive know

lec9e about scientific problems to coordinate all necessary 

steps for a aood research work. 



!=':c:. 1: Polyrr;erizati0n reactor to produce £uffi::::ier:t a~1ount:s 

of pcly~er material 
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Fig.~: v:et. s;:::ir:r.ing assembly 

~1g.~a: Thermoa~alyzer from DUPONT (DSC/DTh, T~A) 

..... 
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Fig . .;:::.: Therrr.:::H:-,echanical analyzer (Tr-".h) 

-4' 

F.ic:.~: Outlet of carbonization furnace 
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: :c:.6: ~lec:~o~ic control !or carboniza~io~ ~e~~erat~r~ 

F:c.7: Multifilament-tow fro~ SIGRI 
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P:s:~10~ of the heatins eiemer.~s i~:1de o: ~h~ 
:ur~ace 
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Damages, especially at the heati~g elements 
in positio~ belo~ the heating zone. 
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a) Position of·the transformer belo~ the car~~niza~ion 
furnace (at the right: heatins zone 1; at the left: 
heating zone 2) 

b) Te:ars at the covering of the tra;.s:or~:L:r 2 
after overheating 
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Specificat:.0:1 

RC 4157 DC 

RC 4i56 ::x.: 
s·· 75466 .. 

•' 
,, 

GE cr.:Y 17 

r~,.... TIS :::; 

Table i: ~ecessary spare parts !or sneed control 

.................................... 

-->.-:'!la--~--

a) Heating elei..en t produced by SIGiU 

t.) Hea t:.r,g elerr.ent produced by CTli 

- + +--.;: r-.. _ ..... -- ..__.::. 
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Tarr; b;produ=ts can drop on th~ f:~r~ s~~~3~c 
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fig.15: Cell for anodic oxidation of special tow 

Fig.16: Dry-winding equipment for producing preprcgs for 
model composites 




