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1.0- POSITION AT THE TIME OF ARRIVAL

I arrived at the Project site Centro Técnico Aercespacial (CTA), Sao José dos
Campos, Sao Paulo,on BtJuly 82. My job activities are muinly to train the
Project staff in precursor work, polymerization and to act as Chief Technical
Adviser of the Project. )

Positian of the Group

At the time of my arrival, there were:

- No polymerization activities

- No spinning activities . -

- No lab. facilities to conduct experiments

- No building facilities for precursor grc'p and surface treatment group and
Technical persomel wer: insufficient.

Eventhough, research activities were going on, heat treatment no systematic
experiments were planned and conducted. Only one step oxidation and one step
carbonization was going on using CTA made heat treatment egquipment.
Characterizaticn of the raw materials and enc products was lacking. The develon
mental activities after my arrival are herewith brought out year wise.

2.0~ DEVELOPMENTAL ACTIVITIES IN THE PRECURSOR WORK

2.1~ Activites in 1982

i - Polymerization Studies

]
] For the first time, the group wes trained in the polymerization of
j acrylonitrile in the presence of comonomers like m_ethylac:ylate in
aqueous medium. Free radical polymerization methods were introduced.

. Initiator system such as potassium persulfate-bisulfite was used to

j 8 . polymerize the vinylmoncmers. The polymers synthesized were purified
. and characterized by viscametric methods outside PMR/CTA as there were

] : | no facilities at that time in CTA.
]

Table 1 gives some of the results of polym:rizations.Meanwhile, in
‘August 1982, the lab. model wet spinning assembly arrived (supplied by
WN.N0) at the Project site. As the spinning experiments require larger
quantity of the polymers, and as CTP group had only a smrall polymer-
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jzation vessals, ie 100 to 200 grams capacity and had no CaMONCMELS,
it is felt important to standardize the spinning experiments using
Fibras Sintsticas da Bahia S.A. (FISIEA supplied commercial acrylic
polymers. The polymerization experinments were postponed to a later
date. The activities were conpent:rated on spinning of acrylic fibers,
in order to standardize the spinning aparameirs. '

Table 1 - Results of polymerization

POLYMER N2 REDUCED VISCOSITY
1 4.46 .
2 2.5
3 2.21
4 2.89
5 2.84
6 3.19
7 6.06

Monomers: acrylonitrile: 94%
Methylacrylate: 6%

ii - Studies in Spinning

With the arrival of Lab. Model Wet Spinning Ase mly supplied by WNIDO,
the activities started in spinning acrylic fibers using the commercial
acrylic polymer suwplied by FISiBA. The line diagram of the spinning
equipment is given in Figure 1. In order to standardize the working
condition of this equipment, preliminary spinning experiments were
commenced using 23% polymer in NN dimethylformamide (DMF). The results
of initial fiber spinning were presented in Table 2. Later, several
" experiments were made in spimning ing variations in the spin pumo
speed and successive coagulation, etc.

{ii - DSC Studies of the Soun Fibers

With the availability of WNIDO supplied differential scanning calorimeter,
it was possible to carry out preliminary studies on CTA spun fibers.

The results would through light on the cyclization and stabilization
parameters. Tne DSC results are presented in Table 3.

-2~
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TABLE 2 - PRELIMINARY SPINNING RESULTS

SPINNING N¢ STRET(H RATIO TENSILE_STH  MODULUS DENSITY

Kg/mm? Kg/mm? G/m>
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 . 1l.16
14 3.5 - 33.7 837 -- 1.15
15 3.5 33.7 937 1.15
16 S 3z.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 SPUN ACRYLIC FIBERS

Sortemnd

SAMPLE ORDER FREQUENCY ACTIVATION ~* CORRELATION
} » REACTION FACTOR ENERGY
(n) (min~1) (KJ/¥OL) (%)
] 1 1.05 6.0 x 10 101,3 99,79
2 1.00 3.0 x 10 99.2 99.53
3 1.0 19 x 10 96.7 9950
i 7 1.04 8.3 x 10 104.2 99.92
i 8 1.02 5.1 x 10 102.2 99.75
9 1,06 3.9 x 10 100.5 9984
10 0.96 3.8 x 10 100.5 99.85
11 1.02 4.6 x 10 100.9 99.92
12 1.01 2.3 x 10 108.7 99 .71
13 1.05 1.6 x 10 106.9 9989
14 1,08 9.7 x 10 104.5 99,80
15 1.05 1.9 x 10 107.8 9984
16 1.08 274 x 10 1089 99,30
17 1,13 2.8 x 10 1094 99 .58
17A 1.08 8.8 x 10 102.4 - 99.92
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 94.1 9995
21 1.13 6.5 x 10 102.5 99.92
22 1.12 5.9 x 10 101.9 99,76
220 1,15 4,3 x 10 100,3 99,84
23 1.15 43 x 10 100.3 99 .84
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2.2- Activities in 1983

i

- Activities in Spinning at CTA

Numerous spinning experiments were conducted using Lab. Model Wet
Spinning Assembly shown in Figure 1. For example, a few studies are
mentioned here. .

QGASE I
Polymer concentration : 23% in DMF
Stretch ratio : 5

Caposition of primary coagulation bath: 50/50 DMF HZO
Composition of second coagulation bath : 0-4% IMF in water

Composition of stretch bath : 6% DMF in water
Camposition of t-ash bath : : water
Temperature coagulation bath - 1%
Temperature of second coagulation bath : 28CC
Temperature of hot plate : 143%

CASE 11

The temperature of coagulati~n bath was var® ol -?:n_m_G-BOC and the
camposition of coagulation bath was fixed at 4" DMF in water, stretch
ratio was 4. All other conditions were same as in Case I.

In view of the above systematic experiments, Case I and II, the fcllowing
cbservations were made:

1- Second coagulation bath (Figure 1) had an cbservable effect on the
physical properties of final fibers.

. 2- Tensile strength of the final fibers found to increase up to a 10%

IMF concentration in the an bath (figure 2).

3~ Over and above 10% DMF concentration in the 27 d coagulatior bath the
tensile strength of the fibers was not effected or had minimm effect
(Figure 2).

4- Young's modulus found to increase up to about 30% DMF concentration

in an coagulation bath (Figure 2),

5- Young's modulus found to cdecrease when (DMF) was increased aoove 30%
(Figure 2).

6~ The increase in the coagulation temperature had decreasing effect on
tle physical properties of the fiber (Figqure 3).

06~
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From these cbservations, it may be concluded that slow coagulation would
yield finai fibers with favourable physical properties when the DMF
concentration of the 2°% coagulation bath is less than 308 which could be
due to the further slow diffision of solvent into the 2’ coagulation
bath which would have resulted in the increase of proto fibrile density
which in turn would reflect in physical properties of the final fibers.
Also it was found lower temperature in the coagulation bath, would also
result in high density fibers. ’

CASE TII

Effect of pH of the coagulation bath on physical properties of the
acrylic fibers. -
Spinning conditions

Polymer concentration: 24% in DMF

Coagulation bath : 50/50 DMF: H20

Spinnerette hole dia.: 0,08wm

N? of holes : 50

Spin purp temperature: 60°C

Draw ratio : 5.6

Hot spin temperature : 143°C L
Camposition of stretch bath: 6% DMF, temp.: J, C -
Coagulation bath temperature: Varied

pH of the ccagulation bath : Varied

In each spinning experiment, the polymer dope was filtered before -
introducing into the dope hopper. The dope hopper containing the polymer
solution was devaccuated before spinning.

The following observat{axs were made:

- Under the same pH and at different temperatures, the cross section of

the final fibers found to change from kidney shape at lower pH values,
ie, pHs 2.8, 3.8, 6.6 to circular at higher pH values, ie, pHs 9.1,
10.8.

- However, under the same temperature 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. However, in certain
cases at high pHs voids are noticed in the (ptical microsoopy.

- Density decreased with an increase in the pH of the coagulation

-9~
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bath, thercby = effecting the mechanical properties of the final fibers.

- The increase in pH values found to have diminishing effect in general
on tensile strength values of the fibers. At coaqulation temperatures
of 49, 15°%, 20°%, 25°C a decreasing trend in general was cbserved.
However, there are same discrepancies in same places. Overall picture
is that there is a decreasing effect. '

-~ Modulus values are also in general decreased with increasing pH,
however, a decrease and increase and decreasing tendencies were
cbserved. The general trend, however, is of decreasing order. These
decreasing trends in tensile strength and modulus would have resulted
dwe to decreasing values of density with increasing pH. .

CASE IV

Effect of spin pump speed, size and speed of take-up godet on physical
properties of acrylic fibers

In wet spinning, the denier of the fiber depends on several spinning
parameters such as, spin pump speed, spin pum size (that controle the
pumping of polymer dope into the coagulation bath), spinnerette hole
diameter, mmber of spimning holes, take-up speed and hot stretch
conditions. While keeping all conditions constant, the fineness of the
fiber oould be improved by increasing the nunber of holes of the
spinnerette. In cases where there are no spinnerettes with a higher
nuber of holes (in our cases we have only 100 holes spinnerette), the
fineness can be improved by reducing the spin pump speed there by
controlling the polymer pumping into the coagulation bath. When this is
also achieved maxdimum the next parameter that can be used to get the
fine fibers is by reducing the spin pump size. However, when the
minimm size pumwp has already been used, then the take-up speed of the
first godet could be increased which facilitatesto increase the speed
of the subsequent godet. This will not only give fine fibers, but also
would increase the speed of production. However, when doing so, one may
sacrifice the density of the fiber unless the length of coagulation _
path is increased. Eventhough various reports are available in literature
systematic studies on these parameters are lacking and also most of the
results are in patent form. In view of this, a systematic study is
conducted using different spin puips, spin purp speeds, take up roller
speeds under identical conditions.
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Sspinning condituions in Case IV were:

Polymer concentration : 23% in DMF
Viscosity of spinning solution

at 50°C by ball fall method : time: 23
Coagulation bath composition o 50/50 IMF H20
Spinnerette holes : 100

Spinner=tte dia. : 0,1 mm

Composition of wash bath : Baths 1 and 3 water
Composition of stretch bath : €% IMF

Tenperature of coagulation bath : 2-3°C

Temperature of hot pin : 170°%¢

Maintaing the above spinning conditions, in general, the other variables
were changed as given in Table 4.

TABLE 4 - SPINNING RESULTS

SPIN PWMP SPEED - SPEED OF MAXTMUM DENIER OF
TARE UP STRETCH THE, FIRER
GOLET 1 OBTAINED
METERS/MINUIE METERS/MINUTE
% : 3.0 5 7.0 3.990
Bé 2.0 5 7.0 2.470
B 1.4 5 6.4 1.828
4 e 1.4 7 6.7 1.560
w
. 1.4 5 6.2 1.430
LI 1.4 6 5.4 1.370
n 2>
p & 1.4 7 5.7 1.009
2% 1.4 7 6.0 1.020
£ < 1.4 7 6.3 0.970
& 1.4 8 5.6 0.960

Using spin purp of size 0,6 m3/kv when the speed of the spin purp is —
M/m a stretch ratio of 7 oould be cbtained which resulted in a denier

of 3.99. when the spin pump is further reduced to 2M/m a stretch ratio

of 7 is achieved (difficult), but the denier of the fiber reduced. A
further reduction resulted in a decrease of stretch ratio but denier of
the fiber reduced to 1.828. This shows that a decrease in rate of
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TABLE 5 - BEST SPINNING RESULTS OF 1983 (LAB. MODEL)

STRETCH RATIO | DENIER | TENSILE STRENGTH | MODULUS

GPa CPa

5.6 3.79 0.36 5.8

EARLY 1983 5.6 8.20 0.38 5.4

5.6 1.92 0.34 7.8

4.9 1.35 0.28 7.72

5.7 1.00 0.34 9.24

2" HALF OF 1983 6.0 1.02 0.28 8.04
6.3 noar | 0.421 7.73
5.6 0.94 | 0.349 9,86

-




pumping of polymer into the coagulation would yield finer fiber keeping
al other spinning conditions constant. However, the reduction in the
speed of thep\mpwz.llme a constrain in t:e mdmm dcbtainable
stretch ratio keeping stretch bath conditions constant . Beyand these
limits the fibers were breaking in the stretch bath. However, by
increasing the take-up godet to Sm/m to 7m/m a slight raise in stretch
ratio and denier could be achieved.

When the pump size was further decreased fram 0.6 to 0.4 an3/Ruv. still
finer fihers could be dbtained. Ps shown in Table 4, when the take—wp
godet speed is changed, very fine fibers could be dbtained.

However, the rise in the speed of take- p godet would irpose some
restriction in spinning. A quicker removal of the fiber from the
coagulation bath might effect the density of the fiber which may in turn
result in weaker fibers. In such case, one should compensate by increasing
the ocoagulaticn path. '

On the basis of these experiments, the following conclusions were made:

~ A decrease in size of the spin purp would yiel&.'fin'e fiber due to the
reduction in the pumping of polymer into the coagulation bath.

- Decrease in spin pump speed would also yield finer fibers Gue to the
above reason.

~ Care should be taken to compensate the residence time of proto fiber
in the ooagulation bath by increasing spinning path.

- The reduction in spin pump size and spin punp speed would inmpose
restrictions on cbtainable draw ratio.

Later on huxdreds of experiments were conducted. The variations in
spinning parameters included spin pump speeds, no of holes in the
spinnerette, size of ithe spinnerette hole, Gope composition, etc. The
best spinning results of 1983 are represented in Table 5. The results
during the later half of the year are comparable with some of commercial
fibers. :

Spinning Activities at FISIBA (Fibras Sintéticas da Bahia S.A., Camacari,
Bahia)

Meanwhile the pilot plant spinning assembly supplied by WMIDO has
arrived. This was asserbled at the previously agreed site FISIPA. Tho

~13-




visit of Prof. Falkai wes plammed auv the final stages of the commission-
ing of this equipment. Mvself and Dr ralkai visitod again the FISIBEA,

and the pilot plant spirning assembly site and rectified the small defects
and started the initial spinning experimen*s. The FISIBA scientists were
trained in several of the spinning experiments. FISIBA, though a fiber
producing industry had no previous wet spinning experieace - They were
trained in understanding the spinning ~onditions and crucial points. The
preliminary spinning results at FISIBA towards the end of 1983 are
presented in Table 6. After the preliminary testing in FISIBA at the
plant site remaining tests like density measurements were perform=i at
CIA. In 7iew of the fact that the density of the fiber was less it was
adviced to them to perform a set experiments consisting the variations

in polymer compos:izion. The experiencss in the bench scale experiments

at FISIBA enabled to identity and to improve the properties of fibers

in the pilot plant. Also, the scientists txained at CIR by me and Falkai
further helped the FISIEA people in commissioning the preliminary
spiming experiments. In view of mutual contacts between CIA scientists
and FISIPA pecple, the prcoerties of the fibews at the pilot plant were
irproved. These contacts and the interest shown by FISIBA were slowly
growing and FISIBA and its parent organization OOPENE - Petroguimica

do Nordeste S.A. were undersianding the pote.-:.1~ of carbon fibers. This
is very good for a project of this type for fu :her industrialization of
this technology in the country.

TABLE ¢ - PRELIMINARY SPINNING RESULTS AT PILOT PLANT IN FISIBA

Spinning  Stretch  Final - ‘TS Modulus Density

n? Derier GPa GPa :
1 ', 5.77 2.22 .- -
2 2.99 3.1 1.616 x 1072 4.31 1.43
3 3 2.2 2.409 x 1001 5.202  1.14 - -
4 4.11 1.9  2.71x10°1  s.5a2 1.1 ,
5 4.47 1.9 3.163x 1071 6.119 1.13
6 4.94 1.84 3.21 x10°l  5.36 1.18 ;

T T D ypp——

-14-




[T SRy

o b e b

[ S |

-

2.3 - Nc'divities in 1984

i

- Spinning Activities at CIA

In order to canduct the preliminary heat treatment experiments on CTA
spun fibers, the fibers were spun with selected best conditions of 1983
in larger quantities. Single spinnings were conducted for 7-8 hours
with lab spinning assenbly at CIA. This time constrain is because of
the dope container capacity. However, the fibers were thus spun for
prolonged times in a runber of times keeping the spinning parameters
constant. The spinnerette used at CTA had only a mirimm of 100 holes.
Thus the fibers from a mmber of babbins were pooled together. To make
this, the precursor group constructed an equipment. These fibers were
pooled into a tow consisting of at least 1000 filaments and preliminary
heat treatment experiments were conducted at CTA. Upon the analysis of
preliminar results on the heat treatment of the CTA spun fibers, it
was fz2lt necessary:

-~ To increase the density of the fiber
- To further stretch the fibers wnile spinning.

In view of these cbservaticns, a set of spi. i.j ~periments were
designed by me to increase the density of the f per and to heat stretch
the fiber in spinning. These included the spirning with increased
dope concentrations and increase path lengtn of coagulation bath.

Spinning Activities in FISIBA

Upon my advice to changé the spinning conditions such as dope concentra-

" tion, etc., FISIBA people have spun fibers again. The spun fibers were

sent to CTA. The results of the fibers are given below in Table 7.
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TABLE 7 - SPINNING RESULTS AT FISIEA IN 1984

SPINNING N¢ FINAL DENIER TS -1 MODULUS  DENSITY
GPa x 10 GPa
7 1.63 . 3.53 6.258 1.19
1.71 8.19 5.75 1.15

iii - Studies in Polvmerizations

Mearwhile the UNIDO supplied polymerization reactors chemical reagents,
initiators and monamers arrived at. CIA, polymerization experiments
were conducted in smaller scale initialiy using twc monomers, ie
acrylonitrile and methylacrylate, and acrylonitrile, methylacrylate

and itaoconic acid. The smaller scale polymerizations were of 1 litre
capacity. These polymerizations were oconducted in aquous medium. The
polymeris were filtered, dried and characterized. The results are given
in Tables 8 and 9.
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TABLE 8 - RESULTS CF POLYMERIZATION CONDUCTED IN 1 LITER CAPACITY USING
WO MONCMERS, ie ACRYIONTTRILE AND METHYLACRYLATE

EXPERDMENTS AN M TEMPER. TIME QUANT. | YIELD
(%) (%) (°c) () @ (2)
A-1 97 3 40 5 104,70 | 52,35
2 97 3 35 5 84,91 | 42,455
3 97 3 40 5 171,52 | 85,76
4 97 3 50 5 171,50 | 85,75
5 97 3 60 5 173,94 | 86,97
6 97 3 70 5 164,71 | 82,355
7 97 3 80 5 172,00 | 86,00 -
B-8 96 4 40 5 71,71 | 35,855
9 96 4 60 5 109,77 | 54,885
10 96 4 50 5 157,72 | 78,86
11 96 4 70 5 185,24 | 92,62
12 9% 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 50 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 5 60 5:; 83,56 | 41,78
D- 19 98 2 40 5 53,57 | 26,785
20 98 2 50 €
21 98 2 -60 £
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 1 80 5

-17-




TABLE 9 - RESULTS QOF POLYMERIZATION OONDUCTED IN 1 LITER CAPACITY USING

| THREE MONCMERS - ACRYLONITRILA (AN), METHYL ACRYLATE (MA)
| AND ITACONIC ACID {ITA)
i EXPERIMENTS an] M |12 | TRPER. | TIME QUENT.| YIEID
@] ©® | @ °c) (h) (q) (%)
1 A-29 - 9% | 3 1 40 - 5
30 96 | 3 1 60 5
31 9 | 3 1 70 5
32 9% | 3 1 50 5
} 33 9% | 3 1 80 5
B- 34 95 |—4 1 50 5
35 95 | 4 1 60 5
} 36 95 | 4 1 70 5
37 95 | 4 1 -40 5
38 A 95 | 4 1 80 . 5
i 39 95 | 4 1 80 5
F i
C - 40 94| S 1 70 5
4 94| s 1 60 5
! 42 94 5 1 80 5
i 43 94| 5 1 40 5
44 94| 5 1 50 5
} D - 45 94 | 4 2 £ ~ 5
: 46 94| 4 2 40 ., 5
47 94 | 4 2 €0 5
} 48 94 | 4 2 70 f 5
i 49 94 | 4 2 80 5
E - 50 94| 3 2 40 5
] , 51 94 | 3 2 60 5
52 9| 3 2 50 5
53 9 | 3 2 70 5
54 94| 3 2 80 5
] F - 55 o5 | 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

|

[N |
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iv - Planning in Polyrerizations

ii -

Also several of the polymerizations were planned and the following
plan was given to the precursor group:

Planned Polymerization Experiments:
- Polymerization in cne liter capacity - variation in temperature
-~ Polymerization in one liter capacity - constant temperature

- Polymerization of acrylonitrile in - variation in temperature
the presence of two comonomers (third monomer)

- Polymerization of acxylonitrile in - constant temperature
the presence of two comonomers

- Polymerization of acrylonitrile in - variations in temperature

the presence of two comonomers (third monomer)
- Polymerization of acrylonitrile in - ocnstant temperature
the presence of two comonomers (third monamer)

- Characterization of these copolymers

Scaling up of Polymerization to Higher Capecity

A - Scale up of acrylic polymerizations (using moncmers, acrylonitrile
and methylacryvlate) to 5 liter capacity should be continued.

B - Scale up of acrylic polymerizations (tsmg‘mnozters, acrylonitrile,
methylacrylate ané itaconic acid) should be continued after the
analysis of the preliminary results.

Additional Spinning Studies

Spinning of CIA Acrylic Polymers

In future, the best of CTA polymers have to be spun using the previous
and modified spinning parameters. The group was advised by me on this.

I have also advised the grow to prepare polymers of type B in 10 liter
capacity after locking at the initially spun A and B CTA polymers.

These polymers have to spun using the previously developed spinning
conditions. -

Planning in New Soinning Methods

Spinning of acrylics polymers using inorganic spinning :solvents:

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

-10-
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the acxylic fibers using inorganic solvents. Inorganic solvents would
pexrit in using high spinning temperature in the coagulation bath
which would result in circularity in cross section of spun fibers.
These inorganic solvents could be sodium thiocynate and zinc chloside.
Representative planned sheets are enclosed as Tables 10 and 11.
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Develogment Eotivities in Ha2at Treatment

Activities in 1982 -

Pesition at the Time of v Arxival

Just before my arrival, the previous Chief Technical Adviser, Dr O.P.Bahl
left the Project. At Centro Tecnico Aeroespacial, the heat treatment
activities were abandoned on FISIBA commercial grade fibers, the research
and develcpmentzl activities started already uvsing irported special
gracde ac..ryl_i.c fibers supplied by Courtaulds, England. At this time, the -
develcprental activities on heat treatment were conducted using the

heat treatment system of the type shown in Figure 4. The best results

on FISIBA fibers at the end of 1981 are shown in Table 12.

Activities Alfter my Arrival

Several studies ware conducted in 1982. Several of the perameters in
heat treatments were changed Gue to the acvices cf other experts wio
visited the project site. The studies were oonoéﬁ&at;ed rainly using
Courtauld's SAF precursor. Several of experiments were conducted in
heat treatmwent.

Tahles 13 and 14 and figures 5 and 6 show some of the initial stulies on
Courtauld’s fibers on the effect of heat treatment terperature on tensile
strength and moculus. The best results of heat treatment studies in

1982 ar= represented in Table 14a (continuous process) and table 148
(discontinuous process). Also, in order to find out the effect of air
flux during oxidation stage, severai experinents were conduc:ed both in
the presence and absecne of nmoved air. The results are presenved in
Table 15.
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TAKIE 12 - BEST RESULTS OF 1981 - ONE STEP OXIDATION (FISIBA PRECURSOR)

CARBON FIBERS PROPERTIES

OXIDATION CARBONIZATION

ELONGAT ION | TEMPERATURE | RES.TIME | ATMOSPHERE | TEMPERATURE | RES.TIME | ATMOSPHERE 1.5, MODULUS
~ 1 oc MIN. ' oc MIN.
|
; PROCESS . 1,38 GPa 138 GPa
! .
| LISCONT . " 220 220 FORCED 1600 120 ARGON 345x103 psi | 26x10%psi
i PROCESS . ALR 2,30 GPa 180 GPa

-
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TABLE 13 - EFFECT OF CAPBONIZATION T=PERATURE

CARBON TEXP. DENSIT: (CROSS AREA TENSILE STRENGTH  TENSILE MODULUS

oC g/am” 1072 mem=- {GPa) (GPa)
1000 1,80 37,3 1,72 0,5 180 = 27
1100 1,76 36.9 2,1 2.0,6 150 = 22

" 1200 1,76 37.1 2.2%0.,5 186 23
1300 1.75 36,3 2.6 > 0.7 200 = 25
1400 1,75 35.4 2,7 20,6 212 ¥ 31
1500 1,75 34,8 2.1 20,6 215 % 29
1600 1,77 35.3 1,6 - 0,4 215 ¥ 23
1800 1,77 35,5 1,6 2 0,5 216 = 23

2000 1,79 34,5 1,5 2 0.4 245 = 29
2250 1,81 34,8 1,82 0,4 222 % 36
2500 1,86 33,5 19 20,5 279 2 36
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TABLE 14 - EFFECT OF STRETCH DURDNG CARKNIZPJ’I(I'i

CARPON TEMP. STRETCH DENSITY CROSS z\Rl;A TENSILE STRENGTH — TENSILE MODULUS

o % g/cmd 107> mn® (GPa) (GPa)
1000 0 1,80 38,4 2,1 20,4 176 = 30
1000 s . 1,78 35.4 2,220,4 199 = 35
1000 10 1.77 35,1 2,5°0,3 203 = 19
1000 15 1,78 32,9 2,80, 210 * 25

]
[RS]
1
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TABLE 14a- BEST RESULTS OF 1982

(COURTAULDS SAF PAN)

CONTINUOUS PROCESS
ELOWCATION |TEMPERATURE | PRE-OXID. | OXIDATION |RES.TIME |RES.TIME | ATM. | TEMP. | RES.TIME | ATM. | T.s. MODULUS
PRE-STRETCH | PRE-STRETCH |  TEMP. TEMP.  |PRE-oxID.| oOXID. CARB. |  CARB. | CARS.
o oc oc oc MIN. MIN. * oC MIN.
5 190 220 230 60 120 | AIR | 1100 120 | ARGON | 275x103 psi | 21x10° psi
1,90 GPa | 145 Gia
* SHRINKAGE = (8-9)%
i
TABLE 14B - BIST RESULTS OF 1982 (COUITAULDS SAF PAN)
DISCONTINUOUS PROCESS
ELAWGATION | TEMPERATURE | RES,TIME | ATMOSPIERE | TEMPERATURE | RES.TIME |ATMOSPHERE | T.S. MODULUS
0X1D. 0X1D. 0XI0. CARB. CARB.
X O¢ MIN. « O¢ MIN.
6 220 200 FORCED 100 120 ARGON | 350x10° Psi | 2,8x108 Psi
AIR 240 GPa 193 GPa
* SURINKAGE = (8-9)%




TABLE 15 - EFFECT OF AIR FIUX ON THE PHYSICAL PROPERTIES OF CARBON FIBERS

WITHOUT AIR FLUX

Stretching 190°¢C 230° 265°C 1000°c_1000°c 1000°C 1000°¢ 1000°¢
Ratio Density Weight/m lkensity Weight/m Density Weight/m Density Weight/m Cross Arca  Tensile Tensile
%) - 3 5 Strength Modulus
(g/cm?)  (mg) (g/em3)  (mg) (g/cm) (mg) (g/cm3) (mg) (un®) (GPa) (GPa)

-S 1,21 779 1,35 806 1,43 795 1,77 451 42,5 2,4%20,7 199132
0 1,21 711 1,35 749 1,43 755 1,77 122 39,7 2,050,6  204°28
S 1,21 690 1,35 698 1,43 725 1,77 404 38,0 2,220,7  214%s2
+10 1,21 668 1,35 693 1,43 707 1,77 400 37,7 2,8%0,4 220%30

WITH FLUX OF 35L AIR/MIN.

-5 't 1,21 765 1,32 816 1,46 793 1,75 450 42,8 21%0,4 166116
0 1,21 740 1,30 . 758 1,46 780 1,75 438 41,7 1,8%0,5 1562125
*5 1,21 714 1,30 714 1,46 727 1,75 413 39,3 2,0%0,6 188728
+10 1,21 673 1,30 674 693 1,75 405 38,6 2,770,5 197219

1,46,
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3.2- Activities in 1983 :

A In vie~ of the so-far cained experience, a few modifications were
effected in the desian of the existing lab. model processing equipment.
For easy handling andé tempesrature control, the existing stzbilization
furnace was cut into two. WNIDO suoplied trios were introduced in ‘
between the furnaces for easy controllincg of the movement of the fiber .
during processing. The modified versions are shown in Fig.7 and 7A which :
also include the winding eguipment supplied by WNIDO.

Mearwhile CTA/PMR has built a nsw building for the carbon fiber grouwp,
the oxidation and carbonization processing equipment was assexbled in
line for the continuous processing in the new building.

In view of the several of the experiments conducted by the Grou: =il - .
due to availability of useful results, I inspired the grouwp to preseni o
the results in the American Carbon Society in 1983 in San Diego. The
growp and myself identified the subject and more vicorous sfudies were
condected on these lines. Also the expert Th.Mueller was very much
helpful in this venture. Prof. Fitzer had al:> e.-':"‘J'{v":'aged the growp.

This is for the first time the CTA/PMR Carbon Fibe> u.rou:_: presenting
results in an outside Conference. In view of these effects, a paper
(annex. I) was present=é. The results were aporeciated by the participants
in the Conference.

3.3~ Activities in 1984

i = Studies in Heat Treatment

As per the advice cf the expert Dr Kalnin, experiments were conducted
by rmodifying the processing conditions. The main aspect of these
studies were mdified stabilization temperatures. Stabilization studies
were conducted at three stabilization terperatures, ie, 220-230°C,

+ 250-270°C and 270-300°C. From these studies it was dbserved that closer
the individual furmaces, better properties were obtained. DSC experiments
were conducted at every stage of heat treatment. Somz of the results
using three stabilization exzeriments are presentad in Table 16 and
Figures 8 and 9.

In order to explore the adiiticnal oxidunts, studies were conducted




FIGURE 7~ LINi DIAGRAM OF PROCESSING EQUIPMENT USED FOR RESULTS IN TABLE 16., FIGURES 8, 9.

1 It
v vVl
I, II, III - Stabilization furnaces
v - Carbonization furnaces
V, VI, VII, VIII- Trios
IX - Babbin
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FIGURE 7A - NEW INSTALLATION OF CARBON FIBER PROCESSING EQUIPMENT

- - 0,6m 0,8m |
0,8m 1.0m 0, 8m l1,5m 0,5m 1,5m 0,8m 2,0m | 1,0m !
SV DR R gt _wEE. "].. T "E:}“"‘J"'“ ...”E“-"_-.&-m,_ [ A== SR I i
i
| 1l et A% \ \'l V1 VIl X X X1
'
' i
I - PLAN
) 11 - Trioc n*1l
111 - pre-stretching
IV - trio n® 2
v - stabilization furnace n® 1 .
VI - trio n® 3 !
VII - stabilization furnace n® 2
VIII- trio n% 4
IX - pre-carbonization furnuce
- X - carbonization furnace
XI - winding .




16 - RESULTS OF CARBONIZATION USING 3 STAGES STABILIZATION
1 SIEP [T -STEP 111 STEP IV ]
TOGETHER SEPARETED
Tewperature °C 200, 200, 240, 230, 230, 280 265, 260, 300 1.100, 1.100, 1.100, 1.100, 1,100, 1.100,
'(-“7:5 density 676 676 723 708 708 732 718 704 697 382 351 350 371 344 356
oo density 1,22 1,22 1,3 1,38 1,38 1,46 1,45 1,48 1,51 1,14 1,72 1,722 1,72 1,70 1,76
fff.;‘f)""“ 217 217 245 255 255 310 * . * - - - - - -
l - N
S (90) 308 308 328 343 343 350  * T - - - - -
]
th (°0) 2,79 2,79 0,763 0,550 0,550 0,210 * e - - - - -
}:’;"3»’ modul us 10,6 10,6 7,2 8,34 8,34 6,47 9,32 9,12 9,05 220 197 192 214 184 187
:(‘jj)‘“ strength 0,58 0,58 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
A Ilz (I: A B C A B c A B c A 1'3 C
l l

* Coulpletq
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using NOZ as the oxidonts. It was observed chat N’Q2 stsbilizaticn
did not irprove the chysical pivperties. These results were presented

in Carbon 84 Conferernce in France (dnnex IT).

-



ii - Activities in Oxidized Polyacrvlonitrile (PAN-Ox)

PAN-Ox is a good substitute ior Asbestos. It is a heat resistant material
and has several of industrial applications. Some of the companies which
participated in the Conference at CTA were interested to use oxidized
polyacrylonitrile fiber as thermally resistant materials. A company
ASEERIT has tested CTA PAN-Ox material and were pleased to infom us .
that it can be used and they have a demand of 60 ton per year. The i
physical properties of this PAN-Ox are given in Table 17. As per the
requirement of the ASBERIT company about 3.0 Kg of the processed )
PAN-Ox fiber were sent for testing at ASBERIT Co. :

TARIE 17 - PHYSICAL PROPERTTES OF CTA
OXIDIZED FIBER

e e e e vt g

Fiber m@ ~ : CTA PAN OX-1
Tensile strength : 0.175 GPa
Modulus : 6.577 GPa
Density : 1.498 g/cu’
Denier : 1.0888 ~
Elongaticn : 10% o,
N of filaments : 18000 '
Tenacity : 1.3 gn/denier

: 1.29 gm/dtex

Breaking strength : 1.57 gm

Filament dtex : 1.2088

Heating temp.final: 300°C, (first 230)
Residence time  : 120 minutes

4.0 - Develoomental Activities in Surface Treatment

Surface treatment of carbon fibers is very important to form good
composite with resin. The bonding of resin to the fiber depends mainly
- on the groups present on the surface of the carbon fibers. Poor bonding
results, poor properties in final composites. The surface treatment
to carbon fiber is done by differcnt methods. For exanple, electrolytic
oxidation, acid treatment alkali electrolysis, thermal oxidation, etc.
In our group we have initiated surface treatment by electrolytic
processo.

-G~




4.1 -

4.2 -

Activities in 1982

At the time of myv arrival, a few experiments were already conducted
using nitric acid for the surface treatment of the carbon fibers.
Due to non availability of wniformly processed carbon fiber, the
developmental activities were postooned. However, attemots were mada
to acguire the materials and personnel for this development.

Activities in 1983 o

with the fomaﬁion of a growp in suriace treatment, the activities
restarted. Anodic oxidaticn equipment was asserbled by the CTA growp

in view of the information and assistance given by UNIDO eperts, a

few surface treatment experiments weare conducted using CTA processed
carbon fibers. A 20% surphuric acié was used as the electrolyte. About
125 meters of the fiber was surface treated. Unidirectional composites
were made using epoxy resin DER 383 (Dow) and curing agent DEH 50 (Do
These composites were tested. In the subsaguent experiments, the grachiie
electrode used earlier was replaced. Modifications were made using
glassy carbon tube made out of polyperfural alcohol :resin in CTA. Also
subsequently several other modifications were mads in the electrolvtic
cell. Also the experimental conditions such as currant density,
electrolyte were changed and several of the experiments were conducted.
Mearmhile, it is felt that we should get untreated carbon fibers from a
commercial fimm and surface treat them in order to standardize the
surface treatment work. In view of our latest contacts with RK Textiles
UK, sample of the untreated carbon fiber was dbtained and surface
treated with improved parameters. The Tables 18, 19, 20, 21 and 2?
shows some of the results of surface treatment.

Ve e




TABLE 18 - TYPES OF FIBERS USED FOR
SURFACE TREATMENT

SRMPLE TYPE QF FIBERS
1 PMR 428
2 PMR 429
3 PMR 432
4 SIGRAFIL
S RK

TABLE 19 - CENSITIES OF SURFACE TPEATED AND

. -

INTPEATED FIBERS
SAMPLE  NON SURFRACE TREATED  SUPFACE TREATED,
g/cm3 g/cm’
1 1,75 1,78
2 1,75 1,76
3 1,75 1,79
4 1,78
5 1,74 1,74
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TABLE 20 - PROPETIES OF SINGLE FIIALE\TS

SAME LE  TREATENT TENSTLE MODULUS

(Ra) E (GPa)
1 NT 2,4 "190
T 2,19 171
2 NT 2,4 190
T 3,1 186
3 NT 2,7 190
T 2,56 188
4 T 2,34 196
S NT 3,25 222
T 2,20 212
NT = Non—-surface treated
T = Surface treatad s

TABLE 21 - PRCPERTIES CF CARBCN FIBERS/EPCXY RESIN
CQOMPOSITES (VOLIME FRACTICN: AROUND 60%)

SAMPLE TREATHMENT FLEXUFAL STRENGTH  MOCDULUS
FS (MPa) E (GPa)
1 NT - 1121 70

T 988 80,5

2 T 973 79,5

3 NT 1614 117,85

T 11C0 81,2

4 T 1520 123,7
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Table 22 - INTERLAMINAR SHEAR STRENGTH - ILSS

et m————p - e g

SAMPLE AND TREATMENT

ILSS (MPa)

2T
3T
4 T
S NT
ST (step 1)
ST (step 2)
ST (step 3)
ST (step 4)

45,3

42,0

54,1

41,1 .
49.8

46,3

40,6 <y

50,5

.
IR

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

i - Pilot Plant Surface Treatment Apparatus

Eventhough currantly batch scale surface treatment work is goin an in
order to fix the surface treatment parameters, the final cbjective is

to introduce a surface treatment equipment in line with the carbonization
processing equipment. Such as equipment should be able to process 6 K
tow at the rate of 1 to 30 m/h. After a detail analysis a cell was
designed. Contacts were also made with local campanies for the construc-
tion of.this cell. This cell after campletion will lock like figure 10.

ii - Sizing
An equipment has been fabricated for the sizing of the surface treated
carben fibers. This will also go on line in the total carbonization
equipment. A few batch scale experiments were already periormed for
sizing using 2% epoxy resin DER 757 (Dow) dissolved in acetone.
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5.0- CONFERENCE IN APPLICATIONS C& CARSIN FIBERS

In order to expose the local scientists about the extensive applications

of carbon fibers and to corsol.‘}date hitherto ocbtained results in PMR/CIR,

an international conference cn:the -applications of carbon fibers was

planned to Be&Teld I CIAGRIING Dec- 1983 Under —tHe" Sponsorship=of CTa——= "
UNIDO and UNFSSTD. Abcut nine experts in the field were invited to give '
conference lectures on applications of carbon fibers in their respective '
countries. The deliberations were held in CTA from 5°° Dec - 7 Dec.
Also pa.rticipanfs frcm develooping countries like Argentina, China,

Egvpt, Korea and Mexico have participated and benefited by the conference
procedings. About 212 participants from Brazil attended the conference.

cn 8

and 9P Dec UNIDO, UNDP, UNFSSTD representatives together with
the invited experts visited FISIBA to witness the develogmental
activities on UGIDO supplied pilot plant spinning -gésen:bly. The final

conference report is enclosed as Annex III.

6.0~ -PROJECT ACTIVITIES - GENEPAL

The general aspects of Project developmental activities were reported
to UNIP in form half yearly orogress reports and to WNIDO in form
Project Evaluation Reports.

7.0~ ANRLYSIS

Detailed analysis with respect to the outputs activities and abjectives
were brought out in the latest UNIDO Project Evaluation Peport,
Amex IV. The caments cf UNIDO Project Evaluaticn unit are worth to

note on 1984 PER, ie Annex IV.




8.0 -

ITTONAL OUT2UTS

The additional outputs achieved but not mentioned in the Project Document
are worth noting.

i -

ii -

iv -

9.0 -

For pilot line of carbon fiber processing, a new building became
necessary and was built.

New clean conditioned laboratories were built for chemical, analytical
and testing purpose within the Carbon Fiber Project.
PAN-Ox activities with ASPERIT Co have started.

Utilities for the pilot piant carbonization furnace were supplied by CTA.

h group of experienced personnal in composites were included who would
work in the an phase on applications of carbon fibers, if approved.

An international conference oa carbon fibers conducted with the sponsor
ship of CTA/INIDO/UNFSSTD.

Additional testing and analytica. apparatus not . cut- ned in the

Project Docurent were developed, such as: denier m. :er, flash evapcrator,
fiber density measuring equipment, eguipment to neasure critical solution
tire, etc.

an phase document on applications of carbon fibers completed and sent
to the Govermment for the submission to UNDP/WNIDO.

INDD.'SI‘RIALIZATION CF CARBCON FIRER TECHNOLOGY

Industrialization activities involvement of QOPENE - Petroquimica do
Nordeste S.A.

COPENE - Petroquimica do Nordeste S.A. is interested in scaling up
activities. In view of this, visits were made from both sides ie CTA
and QOPENE. A document prepared by COPENE is under examiration at CTA.
COPENE is very much enthusiastic to scale up carbonization and in
producing PAN-Ox.

T Ty v W—e qur e v wimeai s
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10.0- ANALYSIS ON COUNTERPART SCIENTISTS SELF-RELIANCE AND INDEPENDENCE

In ocourse of 2.1/2 years of my stay, I have seen the steady growth in the
counterpart scientist's confidence and self-reliance. They have improved very
muxch in solving the problems by themselves. Now I can see a good change frem
depender.ce to independence. At the beginning, everything was taken for granted
and was done as told. Slowly this changed from how to why. The counterpart
scientists are locking answers for questions. This gave them self-thinkinc
capacity.

The initial dependence on experts has declined in course of time as cne may
notice from the figure 11. The counterpart scientists who were trained at

CTA are helping the pecple in FISIBA in scale-up activities. The initial

and first paper (Annex 1) consisting CTA results were presented by CIA
counterpart scientist in 1983 with a maximm help and backing of international
experts. In 1984, the counterpart scientists gained confidence and presented
additional results (Annex II) in France, with minimum assistance and backing.
This shows the confidence of the counterpart scientist.

Based on the knowledce gained due to the visits of WNIDO experts, the
counterpart scientists are now thinking new areas of research within this
Carbon Fiber Group. -
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Number of expertx visited

In 1983, experts partly consulted and partly
participated in the conference. Experts who
participated only in the conference are not
included.

1981

Figure 11.

1982

Iy 1983 1984  Year
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11.0- RECOMMENDATICNS

i

ii

- In R&D Activities

- The Precursor Group should synthesis more polymers as mentioned in
Chapter 2.3 and should characterize the same.

- The Precursor Group should spin aczylic polymers and develop new
spinning procedures and develop new parameters as mentioned in
Chapter 2.4.

— The Precursor Group should advise these to FISIEA.

— The Heat Treatment Group should work with pilot plant C-fiber plant
continwously for week at least without stopping.

- The Heat Treatment Group should process the camrercial acrylic fibers
for PAN-Ox applications, and also explore industries to use carbon
fiber on cammercial level application such as activated filters, etc.

- The Surface Treatment Group should introduce the surface treztment
equipment in the line as soon as possible.

- The composites group should be given materials and analyse the
processed carbon fibers in form of caimposites. ;

- Wnenever necessary, scientific workshops may be conducted to appraise
the latest development in this technology.

- General Nature

- The P phase on applications of carbon fibers should be started in
continuation of the present project in order to consolidate the
achievements cbtained in the present project.

- All attempts should be made not to loose the so far INT{v trained
counterpart scientists in the development of this technology.

- The terms for cooperation with QOPENE to industrialize the carbon
fiber technology developed in this Project should be finalized as
early as possible. Necessary assistance should be given to COPENE

4 in their venture to industrialize carbon fibers.

o000 0 000
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‘czebon fidbres depend strongly on the

“aace of the degree of prestretchiag and

. varied.,

ANNEX 1

. INFLUENCE OF PROCESSING VARIA3LES ON CARSON TIBRE PROPERTIES
o IN A CONTINUQUS PRGCESSDNG SYSTEM

T.0AcABSUSHANAY , TH.wizER"

CEINTRO TSCUICO AEROESPACIAL - P
Sao Jose dos Campos, Sao Paulo,Brasii

[72OTCTIO

Yzung's modulus and teasile strength of
preafarted
oriestation of carboa layers in che fibres
(cef. 1, 2, 3). Ths prefarred oricatation of
these layers can be increased by stretching

. the fibres during all scages of C-fibre pro-

dustion. In case of PAN-based C-fibres cthe
prestratching of the initial PAN-fibres is
most effective in order to increase modulus

-{ref. 4, 5) and tensile strength (ref. 5, 6).

Tsnzile strangth, hovever, is influenced by
dafacts in che fidres, wvhich can be created
in sll ateps of the process. Especizlly the
oxidztion of PAN is very semsitive vith re-
spect to tha creation of Cafects, so that the
varicis parzasters of this step must be opti-~
aized in crder to obtzin high quality carbon

_gxbtes (caf. 7, 8, 9).

? This paper is concerned wx:h the influ-
oxi-~
intermediate

of rtesulting

dation procass parameters on
products and on the properties
C-fibras from PAN.

£rERnYTRL

- A ca=cvercially availsbe special grade
PAi~fibre (5.A.P.1/6%/1.22 frem COCRTAILDS,

r2f. 13)° vas used for the studies. The pro~
cersivg Iz¢9 carton fidres was dome ia  four

sudsequent coatinuous steps:

A= Prostrecchiog from O to 15% ia hot air at
150%¢

| od Oxxactxon &t conscant leogth in hot air at
235%

C- Czidation at conscant leagth in hot air ac

T 2859 .

D= Carbonization up to 1100°C in argon, sllov~

©  iag & shrinkage of abcut 7X.

Tor the steps A, B and C a tube furrace

of J n lsugth vas used, through vhich the fi-
bres bive taen drawa DBy roller syscem. In
the oxidacion steps B snd C the azount of
forced afr and the residenca tize Nave dasn
Tor cartonization (step B) the fidres
hava Seem drawa tirough s tubs furnace purged
vith er3sa without variations of residence
tinas ecd final tesperature,
... Tis properties of the fidre as deasity,
yosaz's 3odulus, tensile screngch and  the
aase chizges were determined after eschk pro
cessir3 step. For densicy cessurements a float
sink natiod vas used (ref. ). The rmechenical
propercias of the fidres vere oessured oa o
Isetrca st o gauge leogth of 25 =u 4nd & cross
headd 3pced of 2,5 ma/min, in case of C~fiSras
an) 10 ax/zin. for the ocher fidres.

P RT A

" achieved by prestretchking in

‘“?‘-—w-.-va—_v—n [ dnadeg ot cagder ol add & B anaa LGSR FIFL 2 X TR R L A
. Py . d i
M

» A-E.STMIONATO, J.L.CQMES DA SILVA
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RESULTS

The increase in fibre density gives in-
fornltxan an the progress of oxidaticn. As caa
be seen in Pigure 1, during the prestretching
at 190°C (stap A) n!ltly oo oxidatiou occurs.

During scep B (oxidation ag 230°C) che dea-
s;:y incressed by 0,15 g/ca’. Applied forced
air flow reduces the density increase. The

forced air flow causes an opposite effect on
the further density increase during step C.
Nearly po iafluence of sir flov ou  che total
density increase after steps A to C can bs
detected. .

The young's podulus of the precursor
fibre dacraased comntiruously during the sceps
A to C (Table 1). Forced air flow dicicishes
this decrecse. Increaszd preferred orieatation
step A, ccuses
higher absolute values for the modulus, while

the highest appliad prescretchicg (15I) re-
duces ths zodulus again slightly.

The influence of prescretchiog oa  che
modulus of the resultiang cacbon fibres is

shown in Pigure 2. As expected, the wcdulus
iacreases with incressed degres of prestretch-
icg. Increased air flov during oxidation
sceps B and C diminishes. the zodulus of
C~fibres for lower degree of prestretching.

SUMMARY

An influeaxce of the iavestigated pracess
variables, prestretching aud forced air flcw
the oxidation steps can be found at the izcer-
pediace products and on the finally resulting
carbon fibres. Changes io the air flow maialy
influence the interzadiace products efter
step B and C a&s found ty the density dessure~
neats. No or lov air flow rats sccelerates the
strongly exothersic cyclizacica {a step B euto
catslytically by the unsufficieat hezc trace=
far from the fidbre to the &ir. The oxygem up-
take during oxidation of 24N requires at lesst
parcly cyclized fibres (ref.5, 11}, so that it
can be sssumed that it occurs wmainly duriag
stap C. Bizh air flow roces facilicate this
d{fusion controlled rates,

The decressing moduiuc of fibres afcer
the oxidacion step B snd C support thess ex~
planations. :

The 2egrev of prastretching iafluences
maialy che modulus of cthe resulting cardon
fibres. Incroasing preferred orieataition

achiaved by prescretching of
increases the modulus.

the PAN-fibre
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Table 1. Ycung's moduius of fibres sfter srocess step A, B and C
(Inicial modulus of PAN precurs.r fibres vas 10.9 C?a)

FORCED AIR FLOW RATZ
L/MIN.) ° 13 3
— i .
°§°)m OF PESTRETCHING | 6 |5 |10 | 15 |o is Jw [isfo |s Jw]1s
STEP A [10.0 [11.1 {11.7 [11.4 |8.c }20.0 | 9.2 | 8.9 [10.1 {10.6 |11.6 |10.3!
YOUNG'S COUL'S |
or PrBRes (coa) |STEP B | 71| 7.6 7.2 [ 68 [7.c 3.5 |77 |69 7.6] 05| g.s 5
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CARBON FIBRE GIARACTERISTICS OBTAIXED FROM STABILIZED PAN
IN NO2 ATMOSPHERE
A.E.SIMIONATO AND J.L.GOMES DA SILVA
CENTRO TECNICO. AEROESPACIAL --IPD- PMR - ,
SAO JOSE DOS CAMPOS, SAO PAULO, BRASIL :

SYNOPSIS

It is shewn that NO, decreases the time required to stabilized PAN fibres
suitable for carbon fibre production. There is also a wodest improvement

in L
strength. NO2 in excess, however, 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 1mportant step in the production of good quality carbon fibres is the

stabilization of the PAN precursors at 265°C in air. This process is rather
slow for continuous fibre manufacture and requires acceleration inccemercial
applications. Marinkovic (1) and Bahl (2) have suggested the use of SU2 ac
this important stage. It is reported that 507 accelerates the stabilization
process aad improves the strength of the carbon product to some exteat. It
is also claimed that the S0, is incorporated in the surface of the fibres.
In many ways NO2 behaves chemically in a similar way to S0 and se we
decided to evperiment with this oxidizing agent to imgrove the rate of
continvous fibre production in our carbon fibre plamt.

EXPERIMENTAL DETAILS

In this series of experiments we used polyacrilonitrile 1/6K/1.22 produced
by Courtaulds. There were three stages in the process:

Ia - Either stabilization in air for 40 min. at constaat leﬂgch at 230° C, or
Ib - Stabiiization in NO2/air mixtures for a range of
constant length also at 230°C,

II ~ Stabilization in N03/air mixtures

constant length at 265°C,
III- Carboaization in argon, allowing shrinkage to 10c6%¢.
For stages I and 1I we used furnace, lm long with a device for maintaining
thte length coustant. For stage Ia the residence time was 40 minutes (ref.3)
In stage Ib w2 used NO2 in concentrations of 5 to 30% in air and residence
times of 10 to 60 minutes. In stage II we used NO2 in concentrations of 10
to 40% in air and residence times of 10 to 60 minutes. In stage III, the
residence time was 60 minutes with a shrinkage of between 7 and 14Z. After
cach stage of stabilization, specimens were analysed by DSC (Dupont) and IR
(Perkin Eliier) to determine the degree of stabilization. Density measurements
were also made to this end. The tensile strength and Young's Modulus were
determined ouly after step 2 using an Instron with cross-hecad speed of 10m
per minute. After stage 3, the density, strength and Modulus of elasticity
were measured to- determine the quality of the carbon fibre produced. The
cross-head speed of the Instron, in this case, was 2.5mm per minute,

RESULTS o

residence timas at

for a range of residence times at

Some of results are summarized in tables I-II-1YY and figure 1.
DISCUSS10:

It is interesting to compare the results in tables I and IT with those of
table III (weight loss). The highest weight loss during carbonization occured
after the usc of high concentrations of NO» (406%)° during =~
bringing with it a m:rked. reduction
because of structural damage).
concentrations af NO» produce such drastic deteriorations
propertics of fibres whereas lower concentration of KQO?
imprYVelents in serengeh (table I). Morcover,

echanival properties are produced when stabilization takes place in

stabilization,
in ..mechanical properties . (probably
It is interesting o~ determine why  high

in  mechanical
produce modest
carbon {ibres with poorer

shorter
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times using an atmosphere of NO- in air in both stages of stabilization. Im

the IR analysis, it is noted (figure 1) that there is a tendency to reduce

the removal of the nitrile groups in the presence of NO;. This decrease is

proportional to the concentration of NO;. In stage 1I, however, it may be :
* seen that all the analyses made at every stage did not show the presence of

any group containing nitrogen, showing that no nitrogen groups are incor- !

porated in the molecular structure of the treated fibres. '

CONCLUS IONS

Treatment with NOj like SO,, produces a modest improvement in the strength
of carbon fibre and accelerates the stabilization stage in continuous fibre i
production. NO, alters the chemical kinetics in the stabilization of PAN

i
1
fibre, but in contrast with S0, is not incorporated in the PAN structure. r
REFERENCES : g
1-MARINKOVIC,S. & RASKOVIC,V. 59 Carbon and Graphite Conference, 419, 1978. :
2-BAHL,0.P. et al. Fibre Science and Technology, 13, 155, 1980.
J-NAGABHUSHANAM,T. et al. 169 Biemnal Conference on Carbon, 509, 1983. LT
_ .
TABLE I- Tensile strength of carbon TABLE II- Young's Modulus of carbon . f:
fibres after carbonization (1000°C) fibres after carbonization (1000°C) ij
N: Oxidation Time (min.) 3 Oxidation Time (min.) i;
92 710 20 30 40 30 60 NO2 ™70 20 30 40 50 60 L.
0 1,561,583 1,93 2,16 2,06 1,72 0 147 169 163 142 124 121 .
10 1,42 1,92 1,91 2,06 1,86 1,59 10 148 160 157 148 151 127
20 1,701,93 2,23 2,18 1,79 1,86 20 153 157 169 160 158 155
30 1,97 1,70 1,70 1,68 1,60 1,48 30 160 149 153 148 143 141
. &40 1,76 1,38 1,30 1,15 1,16 1,07

40 158 137 142 111- 112 107

TABLE II1- Weight loss 2% after
carbonization (IOOOOC)

% Oxidacion Time (min.)
K02 ™70 7

0 40 50 60

Fig.l. L.R.of stabilized PAN
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ANNEX III

FINAL PEPORT OF THE "INTERNATIONAL CGNFEREXCE ON CARBON FIBER APPLICATICONS™

The Government of Brazil, through_ the Centro Tecnico Aeroespacial (CTAj.
organized and hosted an International Conference on Carbon Fibre Appli
cations, from 5-9 December 1983, at S3o Jose dos Campos (SP) and
Camacari (BA). The Conference was co-sponsored by the United Nations !
Financing System for Science ané Technology for Deveiopment (UNFSSID)
and the United Nations Industrial Development Organizaticn (UNIDJ).

The purpose of the Conference was, on the one hand, to present the
results of a successful project on 'Optimization and Development of
Carbon Fibre Technology', which is being implemented at CTA with the
financial co-operation of UNFSSTD and the technical assistance of
UNIDO, and share such results with representatives of invited
developing countries which have reached a similar tecimolegical and

e sn e s
v e 1

industrial level so thst they are interested in the production and/or

co

use of carbon fibres and composites. ' =

On the other hand, the Conference served the purpose of demonstrating
the great variety of applications of carbon fibres and composiies in
aerospace and transportation as well as in mazrine, recreational ani
biomedical uses. This was achieved through the co-operation of a
group of high level experts from some developed countries.

Finally, the Conference focused, in more general terms, on the identi
fication of methods and mechanisms on which an efficient technical
co-operation among interested devcloping countries would be based
with a view to sharing the experience which each c{ these countries
has with regard to production and/or applicaticns of carbon fibres
and composites and, thus, strenghten the scientific and technelogical

capacity of these countries.

China has been working, since aproximately 1960, in the development
of carbon fibre technology and its industrial applications and the
developrment and production of resins for composites with the fibre.




India, with the help of UNIDO, developed competence for the production
of appropriate precursors for carbon fibre, the production of the fibre
itself and its use in rmany industrial applications. At present, India
is making a strong effort to acquire capacity to interrally produce
resins for more sophisticated applications of the fibre.

Brazil, with the financial support of the UNFSSID-and having- UNIDO as
the executing agency, has developed capacity for the production of the
PAN precursor, to preduce carbon fibre and to produce composites fer
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 carbon fibre up to the industrial scale.

Korea

[aakira BT ZETEEY )

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

industrial applications since many years. e

Through all those activities, a substantial capacity, in the chain that
goes from the production of the precursor for the carbon fibre up to
its application, has been developed in those developing countries; a
substantial amount of information has been acquired or generated. The
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 tasks to be
performed by those countries to complete their capacities in this
field and, from there on, to cope with new developments in the field.
All this can be quite costly and will need sustained international

assistance.

In view of all thosc facts, ir is clear that there cxists the evident
possibility for the developing countries attending this meeting to

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

In this context. UNFSSTD and UNIDO understand their role as that of
providing an interactive mechanism to help to catalyze co-operative
activities of developing and developed countries - of govermments,
universities, research laboratories, public and private enterprise
and financing institutions - with a view to finding appropriate
solutions for the problems of acquisition, assimilation and appli
cation of carbon fibre and composite technology for the benefit of
the economic and social development of those countries.

The efforts of the countries, and the external support by the United
Naticns Systems, should be able to draw on co-ordinated services from
every interested country that can provide them, to any interested

and sustained basis.

In this spirit, participants from Argentina, Brazil, China, Egypt,
(India), Korez and Mexico have discussed possible subjects and
mechanisms of co-operation in the field eof production and application
of carbon fibres and composites and have come to the- fallo_ying

‘conclusions:

1. With a view to gaining the full support of the competent Covern
ment authorities of the countries represented at the Conference, the
participants agree to establish the necessary contacts to such
authorities, inform these fully on the results of the Conference
and recommended follow-up activities and convey to them the impor

tance of co-operation in this field.

2. In order to assure that each participating country be fully
informed on relevant 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 information network covering. such activities which, in the
first stage of co-operation, could function on an informal basis.

As a first step, such network would gather and disseminate the
information actually available in each participating country on
past or ongoing activities and cxperiences.




3. #=== a view to providing training facilities for scientists and
—=—=micians from developing countries, the participants agree that
=—sting R & D and production centres, such as CTA and FISIBA in
=—=-il, should receive trainees from interested countries, subject
— specific agreements. In order to maximize training results, each
——:onal centre which receives the visit of high level experts from
==r=3oped countries should consider to invite participants from

—==r interested developing countries to the training activities.

—=z7=0g into consideration the, absence of norms and standards in the
===z23 of carbon fibres and composites, the participants agree to the
Z to develop common standards for their countries so as to enable .
— == to exchange raw materials, intermediate and end-products of
———cn specifications and of controlled quality. For the same purpose,

———=—cn rules for certification should be elaborated.

v e . )

=== regard to the above identified needs and others, which the

5. I =%

:——=z>nal consultations of each participating country may consider;

e

-== zarticipants of this Conference see an important role for the
-==~=d MNations System, especially UNFSSTD and UNIDO, to provide the

s —z—zct¥e mechanisms for the identification and mobilization of

--= needed technical and financial resources.




.

. -———— .

ANMEX IV

N e s . Coaee
- | PO VLR SESL A 5 ST A S YU S
- .
- e LA UL S D -
~‘: - . . B B NIRRT S Pt T et 1 .
.
. .
. N . .
) 1S P N : . .
— —_— — —
- - : ’ § R .
R ETRER ! Frogoct Vit
_———/ . r
e T lewnnTE B ey
sy - - T
~ et ST M)
H I S Fiy LT \d
L IER TIZUERZLOGY
- ey
Pur e im0t .

Lo o, s BrarchsSectini:

Toal projurt bhudeet (SUS:
(laicst si;

Lt FOVISIOR inc

99)

v e S EONEEL Peried covered by this o

repoit:

Frem:

26 Jurc 198«

Dac 19°

Participanis ichoek oac o7 saore):

CY5

Nationzl counterpnn

To: L. ., . ) - |
Gibter mtemaiionsl ok wall v

) — q

Datc of Inst evelusien/PER Otier _SIBFA . i
. ]

Nov 26, 1953 : :
I i

ACTIONS RE0

—_—

i FRGn Al nefiesi YIlew-np TEgSeS O 1200T
]
. b om . cae . . . .
- ey revide wtilitees xu the pew Dk
tra T e - ; x--) F .\':l utilities in .’.h ne :
R A i pilet plarnt. .
el - ] R .
- FLOYLRLCR Te worh. couninud L owith
: a votk witheuy stemnin:.

. P,
e~ . IRIcHA
J
T o~ - TN -
TSt nlant ZO:
[ nos
R AN

.
3
[ p———

aared

P YN 1541

HE Y

2,

Laekstopping

1~
et

C o




—

HEN I N RN A

CoSe preecan ke

Crerrmer L

N e .
HEFQUMANCE ANALYS?

A, Caumal Factens Tor Anclniy

Please complei: attacked chizcklist of czusa! faztors before procesding further.

3. Progress ia Produrzing Iadliidus! Quiputs/ Resuits .

How many ontpens are fisizd ia the Mmoject Jocuszent? 4

Qutnut No.)
1. Repozt as zppear

documeini):

A resazich and
adapting the t
nagteriat., or to 1,
aror D 2 -
concuct U ond lasoratery sezla
to thie 1ndustyicl sczle. '
> -
0O adeguarte 3 vervraod 0 enenlion O ermaror Curnn

L

wn
[
n
(¢
=
-
-
O
[0
=
poed
[

3. Tactors impeding nrogress (chieci. ons):

O sl dolivery of in inputs D poor quatity o inpuis Cuaize WOl GBI ran

O changz ia critical assumprions fexternal factor 5) O other vrantic: paad events £ oo problomssen

: |
Explain: . . ‘

4. Tossibility of producing intendzd reculie s/onIns in

Py, sl A e

- H M ve o Ve
naed (thedn o0

O impoesitic O improdadble D l;'!.'rly O Ry Bdy TN wertane 0 cannn: e s

SORDU ST L

Sece cenclosure 2

T T e e ———— e i etem ————— e e . e — e — e s e o e s w




Case.e

s '

LTI

ENCIS3URL 1

Counterpart groun is more scriously irvelvaed in the develepmearcl activitics
Co.nleted bench sczle stancardization in heat rreatment ang spinning. Now in
the pr.cess of seali Ing up. New ozidising systems studied. Liw spinning expoci-
ments basad on prelici lnary carbonization studies of CTA precursor have alrzidy
cormcnced. Methuls imerovid in surface treoctment experiments with sizing
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EXCLOSURE 2

Eonel sca2lz carbonizzrion and spinning esncriments Izost connlitad. "h (eox
has boen trained by the competent experts. The overall worid activizies iy
this field were eiposed to the team hy ennyucting Boe tional symuosiw. in
carbon fikavs ang ty inviting experts ccmnorent in the -ield. Filo: plont

1 i
attending a ceunfersnce in France and presenting a paper in carbon conforance.

Another counterpart scientict 1s to attend a U
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in Avstria in Get/tov 8%, National Coordinator cad two of his cclierves
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recently visited Europe on stucy tour which helped then in adaptirg to

the local ueeds. Tuus the team has formad an¢ evpesed Lo the activitics elye-

where in the world and adepring to the local neads,
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EhCLCSLZZ 3

Technolegy to produece carbon fibers of the appropriatz quciity and the
correspendiny precarsor, usine national raw paterials. All thig technolosy

(=3

treusferred to the industrial systen.

ENCLGSIRE 4

Carbon fibers with coxparable properties with those of commercizl fihers -
were prccuced. Acrylic fibers of comacrcially conpzrakle propertres were aisa
Produccd. The sealing up to pilot plaant alreacdy comzencszd. All the utilitie
to pilet plant carbonization furnace are being completed. The acryelic
preduied frem natiangl raw materizl are being standardized for carbon fibker
processing. The team is capable of analysing mew raw meieriels far carbox

fiber orocessing and fiber spinuing.

P Vol - -~ - -~ 1T R e = . o o o 3 3 ; M - - nA.
.bench: level. Sczle-up gotivities alrezdy cozmenced. The indust Y aiready

et ]

involved. CIPENE - Pctroquizice do Nordzste S.A., the parcent organization

L,
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ERCLOSUIE 6

Encrledge and techniques to characterize and Etest the raw materizls o5 well

as the final products for the production cf the precursor and carbon fiber.

EXCLOSURE

The teawn: has chzractcrised the raw matcrizls aveilable grecursor fibers and
has been conducting experiments to amalysec the intermediate and final

products. Also chzracterised the coumercially available final products.

ENCLOSURE 8 .

The tean is now capzhle of performing this activity confidently. Acquired

required knowledge to characterise the rav matericls zné final preducts.
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- -Most of the auziliary equipment as for required to the projact obtained

EXCLSSURE 9

-~ -

Physical facilities completed in such a way that the trained st2ff can

praperiy perform thuir tasks. The additions in this second phase will

include: )

- pilot equipment for spimming the polyacrilonitrile DPrecursor;

- modified pilet line (including surface treatment) for the production of
carbcn fibers;

- auxiliary ‘equipmoat for electron microscopy X-ray diffractica,
differential thermzl analysis, electroric measuremeats, photozraphy;

~ other aminor equipacnt.

ERCLOSURE 10

Achievzd almost as far ac required for the project. ' !

Pilot plant fer spimning polyacryiomitrile precursor acquired,worclk already
coimenced on this equipment at industrizl cite ar FIZIBA, Salvador. .
Equipmont for pilat line acquircd: The uvtilities
Preliminary activities are being comzences.

Most of the minor equipment recuired hzs been purchased or fabricated by CIx.
GuiIp 9 P

ENCLOSURE 11

Most of the factors in this cutput achieved. The reaziring are sure of
achieving.
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nferenec - on caukon fike
involvement of the Zacal ustries to producc _ca:.)on ixb;r.-. involvment of local
ingustri=s wvhich could use these iibers.

2. For cach a2msumption, dascribe what has or has not taken place, or seems most fikely to take pface, and the zziuz!
or pessible cficct of such change oa praducing the ontputs/rezulis originzlly intended (c.g. if industry donand has
rot éeveioped as prajested, what is iz probuble causce), inciuding what remedial aciiens, if any, can or shouid b
:l:.zn Ly any of the tripartite pastics: T .
A confarance wac conducted on application of carbon fibers. About 2G0 particiments
froa indestries, instituvtes, government organization apprcciated the application eF
thzse fiders. :
A ienjor pretrochazical incustry COPEXI ~ Petraquirica do Rordeste S.A., the parezt
ergaxization of FISIE: has shown interest in the industrializatioan of these [ibors
and visited thz project site to have the first-hand infomzatice of this techmolcoroy.
The rnzighbouring civil commuter plains manufacturer EiZRIER @xpressed its pioas
: of using carbon fibers. All these are-positive effects for the proiesct. °
ASEEESMIRT -
23, Promact (Bypothasic) Arpreach =6d Desizn -7 .-;"
1. Repozt project (temediate} ebizetive ¢ it apnsars in latest Proados/T'DS, or 2 bv-q:: oty medifiad by irona.
decision:
Sce enclesure 12. - .
AY ’ ’ .
2. Given project expericnce fo daie. including the original assumpiions made andd any chanses which have oceusrsd
in the projecs envirnament, is the project bypothesis still valid, ic. if the ouiputs fre produced 2s plannsd s 1
it reasonable 10 assum:e thai the project ohjective(s) will be successiully achizved?
yes O no,explain 0 cannot determiine, explain -
Most of- the ouiputs are achicved.
A strong enthusiastic grousr has formed.
Most of the technelogy on banch seale completed, indestry already involved.
Knowla.d;;c. ou techniaucs :Ls uquxr"d by the sroup.
Moct ol the physicel Zucilitizs weve provided. '
The reruins are suoe of ok i 2ving.
R - e I S




EMCLOSULL 12

The imxcdiste objeczives axe:

i~ to cozplete the formation of the scientific and techaical capability to
be able to- industrially produce carbon fiber precursors, carbon fibers and
its composite structural materials and to further develep the techrologies
involved in that process, from the laboratory scale up to the incdustrial
scale. This mcars trairiag the apprcpriate persoanel and formiag the
corresponding teams, not only for the producticn process for the czrben
fiber, but 2lco to determine thc chemiczl, physical and mechaaiczl charac—
teristics of the raw materials, intermediate and fieral produéts;

ii~ to optiriz:z the continuous process for the productior of carboa fiber
which has alrcady beea developed up to the bench scale by the Cii; to
further dev.lop it up to the pilot plant scale until sufficient'knswle&ge
and experience has been developed, so as to tramszZer it tec.-the production

systen; ) o =

iii~ to geacrate the information mecessary %o produce b precursor fiber

and to tranzfer it to the production systes;

iv~ to complete the minimum necessary equipment and physical infrastrvcture
in such a way that the teams formed through the project can appropriately
perform their tasks.
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4. s 2 project redesinn nocessary? O yes & ro . .

if ves, at what fcvel? .
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bl

. 0 devclopment  lfeved . O projec: 2pproxch/zli levels D davelopment ivpothoeis

3 O outpze: , D projsct (iminediatc) object O work pregrarmme
E. Overall Coaclusions 2ed Recommendations y
I. On the basis of yeur salings aborc. provide 2 concise narrative svajuatios: siziement of prowres. to &z
mcludincg any relevant ai sizmiiicant information noi included above:®

Tae group has become strong both in numdber and kims. Thinking capacity of the grozp i
has irproved. The counterpart scientists are copavle of aaciyveing the prodis.-s.

The self confidsnce ia the counterpart scientists is growing. This is 2 overzall
positive approsch in achieving the goals and objectives cf the project. Tre leadar-
ship of T.Cel Kessel was given morale to the group. Tehe ert:usiasm and crcouraze

given tc the group personell is yet another pesitive facter.

. Also sez enclesure 13.

- .y
ML

3. Dezeeribe fully the zéiions or decisions recommended by project mlacee - 10 improve the efficione, onl
cffetivensss of projoct aperatioas, insieding rospoasille units and svzgosted ..rget Gates.” Swanirise veler

“Actions regquired™ os Pan | — PER Face Sheet:”

e "Actons rcguired” in the previous PER were accois
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pacizl incducted the —ore qualifisd persczmel into ghx ¢v 1
p51
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250 Comp &

T oplefed Lo ool
of th.. facilities. Yow In the process of providipy viilities like inert pae, re
frigerztion, compressed air, etc. UNIDO has purchascd zll of the requirencxis

. -requested by CTA.
It is now recozcndzd that Centro Tecnico Aercespacial should complesc praviiing tie
utilitics as early as poccible to use pilot plant carbomizzticn furncce. Xecessary
arrangements must be made to run the carbonizaticn furnace continuously, zt least
for veek withoet interruption. né
However, it is rccomwended to follow up this project activities with 2 2 follow
up phase to consolidate and directly apply to industrial appliccriou.

. *

Continued in Enclosure 14%.
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S, Given the above soschunions, i3 2n in-depily evaluation recesrary in the near futise (regardions of wheilor 1 5o
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ERCLOSVED )

In order to censolidztc tue activitics and te exposc cthers Cra canducted an
interenaticnal conference on applicztion of carbom fiber dering first week
of Deccmbar 1983, invited participznts frow other developing countrics like,
Argeatinz, China, Egypt, Korea and-iexico, end experts ic the field froa
developed couniries. All participaots ircluding those 200 participents frowo

Brazil, appreciated the project activitics at the project site.

The precursor group of the project has standerdised the spinning parameters,
with respest to major cpinning varighles under DIF spineing cenditions.

Fibers cerparable with most of the comercial fibers were pre&ugaé from the
polymer obtaired f£rom FISIBA. Quzlitative experiments to scale up the spinning
experiments have zlready been started at a2 fiber industry FISIBA in Salvadzcr.
A few fiber bobins spun from the pilot plant spinning assembly have been

tested 5t CTA.

A

A heat treass»nt grouvp has 2lmost completed the newly designed experimenis in

czrborlzazion as per the instructions of expert I.L.¥alrin. Alsc iz order o

explore other oxidising atmospherec in the exidoticn .stage. the grovy hee
completed cxidation studies uzin-~ nitrogen diox!
studies ave being conducted to evaluzts oxidatioa 2 ! carbonization prapzztic:

for CTA spua fiber from FISIDA polymer. Various oxidazation tempercturas,

properties were detercined. Also oa the best oxidised fibers, carbonization
studies. zlrcady commenced. The shrinkage, wight loss, density, mechznical
propertics have been determined on some of these fibers. Spinaing experiments
are being modified based on these results. Active work is going on to

assczble the pilot plant carbonization furnace. The required utilitics are
being provided.

Surface treatment expeviments were conducted with a modified set-up and using
untreated RK Company supplied carbon fibers. These studies would give an

idea to standardize the surface treatment on CTA made carbon fibexs., The -
‘treated fibers were used to unidirectional Jeminates using cpoxy regins.
The flexural, interlaminar shear strength, cte. were determined. Also
sizing was introduced alter the surfsce treatzmait as it is required to

keep the £ibors tog-Lher,

Counrerpart rcientist , Alvars Luiz de Sousa Coner Filho was trained in 1007

on cempaviten und analysic, As o result of this training, the faliew coul
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tectiioues.

T.Cel Kesz:1 the counterpar: Pro}act Leader, went on study fouvr along with
tws of his collezues for discussions with persons in KX Cumpany who ar
experionced in carbon fiber technolégy and who well oxidatior ovens and
cardonization furnace.'T.Cel Kessel could have the first kaed information
on the possibie purchzse aspccts of these ejuipmcat. T.Cal Kesscl visited
UNIDD for discussioas with regerds to the IT phase project. This tour helned
aim in understanding and appreciating the potential of carbon fibers.

Seme of experts who attended the Confereance also consulied the grovp.

-

|
T v @7 v vw v - v gy wewve, v e ¢ et o v . -




Sitedld

Bon tmnd

Se—y

EXCLOIGE 14

Output =® 1 has already ackieved. liowever, the team should be in censtant
cortact vith developmental activities elseshere in the world. Further
improvement in English languzge wili help the covuterpart scientist in
interacting with people outside Brazil and could help in using the
literature. .

Ouvtput n® 2. Mosi of the output 2 achieved. However, the counterpart shouid

ncw vork on URILG purchaszdpilot plant carbonization furnace and should _

work continuously a 24 hrs basis, and should produce PAN-cx 2nd czrbon fibers.

Output 3. This has already been achieved.

Cutput 4. As far as required hzve been corpleted. However, since the pile:

plant carbonizzticn furnace arvived recently all the utilities ghould be

complet:3d as soon as possible to work on this egquipmen
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2. Bachstepping ofeer
The projocs start due te the fact thz2t no aduqusie couteorsirs
p=rsanuc ] werd aviilel iovever, dve io the efferts of the ¥aticnzl Drefo
Divvetor an Sirentor of CTA the situzticn chon rroxntly. The Scic
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Ipful in plaveszet of tr:z

lie also made Ir posuible to get an excallent Chief Techknica) Advicor vho

helped in trairing aud mzturation of the team that can-now function slene

alrhough it would have been doszirable that he vonld hove siczd cnotier yeoar.
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The process Gr maivration of the team continues en gsing, the
proczsses and technologies to rroduce the carbon fibzsr and
precurssr at bench sczle and 1. .ot plant are beirg developzd.
Th2 na2cecsary equipmznt is being put into place and in cpsratisa.
Sunposing that wez successfuliy complete all that process, the
introducticn of all thet at the industrizl sccle will bezome
impori-nt. In this sence, the CT2 is taking the right stens too,
namely: _—

i- the contrzct between CTA and CCOEIE which woul

la inciude
the financial help freca the latter in the final stag

tages of
czvelopmont of the technology at the CTA ond the responsasiiity
ol CTFENT for the work which is being carriod cut st FISIES (&)

CCFZE will inject the nscessary money to complets
at pilot scsiz theres and to install the subseguznt industoisi
producticn. ’

ii- Cel Kesz2l is already negotiating with 2 corpeny, ©
technology for ths production of coxicized (at 1
5 toadrznth), which is very importzot in t=zms oF <

part or the production cycle.
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the right cuelity, it will bz corly 3 natter of
thz importsd cazzbon fiber by the neticnal cnz.

(3) (CCHT.) ou

s5idz Brazil in such a way tihat be does not feel thet he is
$

t i
getting out of the "jet «t" in his area of exportise.

(4) FISIBA is a ccmparatively quite small compeny whan compsred with t
a

S
(™
mothsr company, COPEMZ, bosides that, FISIBA is going thrcugh a b
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financial situztien,
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d) &t CTA, Dr Magzbushznam continues to be an extfemc‘y imp“f-enL part
ial

in
in

e} In

the centinuing matureiicn of the tcuu. His presence is esceniia
the compleiion cf the whole process in "h¢ch we are inveolved.

terms of actions recuired , I would add:

i- To comnlete as soon as possible the process (b2 it with A
the Sta Clera caompany in Brazil or any other ) to make tne
prod;cftza pocsible and put intc cpsraticn the sf~h1-;z;ficn
furnece =L thes appropriate caepecity (1 - 3 Tens/year ). Lnit |
reponsaiile: CTA with UWICO's help.

ii- Even if it may appeer a sidelinc matter, the team has to
bzcome more proficient in English as to extiracit the most
out of the consulienis and scientific and technhical literaiure

in generai.
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