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OBJECTIVE OF THE PROJECl' 

The .. in objectives of the project were to complete the 

adaptation and develo.,.ent of the technology to produce carbon 

fibres using national raw aaterials in Brazil and to complete 

the formation of a te~ that could help further improve this 

technology or do develop1ental 1i10rk related to other &tructural 

fibres and their products. That te- would then have the 

capacity to start work at laboratory scale. continue to pilot 

scale and finish with the technology introduced in the industrial 

systea. 

The project was planned for a duration of 36 aonths and was 

extended to five years during project life. 
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2. THE "CER'rRO TECNICO AEROESPACIAL'' (CfA) - THE BRAZILIAN COUNTERPART 

CTA was the Brazilian counterpart organization which carried out 

the project work. It .had functions reachinr fro• developaent 

work at laboratory scale. through pilot scale. to the final 

introduction of the process of production in the industrial 

., sector uf the country. 

CfA started a nationa_l programDe in 1976 at laboratory scaie with 

the aia of developing competence and teclmology in the area of 

carbon fibres. At the end of nearly four years' work. considerable 

progress had been achieved. 

However. despite the efforts aade before 1982. it was not possible 

at that time to produce an appropriate fibre for industrial use. 

There were probleas with availability.of suitable precurso~s. The 

quality of the resulting carbon fibre could not be systeaatically 

assured. Furthers>re, there were problems with surface treatment. 

Further training and the help of external assistance were needed to 

complete the work up to the development of the process at industrial 

scale for the production of carbon fibres. 

• 
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3. COHPOSITIOB OF TilE WRKIBG GROUP AT CTA 

At the beginning of the project. the teaa directly involved in 

the progra...e included eight trained professionals under the 

direction of a Brazilian aeronautical engineer. holding a PhD 

in Engineering froa the Kassachussetts Institute of Technology 

(Mr. Faria) • Mr. Babel• froa BPL in Bew Delhi• acted as Olief 

Technical Advise~ (CTA) supported by UNF5STD/UBIDO. From the 

beginning of 1'82 towards February 1987 changes in the personal 
. . 

structure of the project .. nageaent occurred. 

1983 - Mr. Robert Kessel - Chief of Materials Division within 

IPD/c:rA took the responsability as project leader •. 

Mr. Nagabush;lnaa from LOWEJ.I. University. USA followed 

Mr. Babel as c:rA aid 1982 and also acted as internal 

progrmmae coordinator at PHR (Materials Division) 

within IPD (Research and Development Inst.) at the 

Centro Tecnico Aeroespacial. Hr. Nagabushanam 

had to return to Lowell University, USA at the end of 

1984. T~e Brazilian team member. Mr. Scyllas 1 was 

nominated then as internal Project Leader within the 

Materials Division under Mr. Kessel. 

1985 - The Chief of IPD/PMR was changed ~rom Mr. Kessel to 

Hr. Runivan Wellington Silva and in October 1985 

Hr. Joio Renato became the responsible of the progra111111e 

under Hr. Runivan. He therefore ·1s the author of this 

Final Report • 
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July 1986 The leadership of rHR was awarded to Mr. Paulo Remi 

Cuimaries Santos. 

The size of the group itself has not changed during the first three 

years (1982-1984). Some personal replacements however became necessary 

due to the loss of specialists to the aeronautical industry. Fortunately, 

some key scientists first of all Kr. S:laionato, reaaained with the teaa 

and guaranteed not only conserva~ion of t~ experience elaborated so 

far but also the training of new coworkers. 

During the last tw years, 1985 - 1986, the number of cowrkers in the 

group increased to 26 people consisting of 10 researchers and 16 technicians. 

The names of the present carbon fibrP team (87) is compiled in enclosure 5. 

• 

• 
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4. REPORTS AND TllIPARTITE REVIN MEE'lTNCS 

• 
The work perfonmed between 1982 and 1984 and the results obtained 

during this period is comprehens:t1•ely compiled in the Final Report 

of Dr. Ragabushanaa (Deceaber 1984) • the responsible project 

coordinator and Chief Technical Adviser at that tiae. The report 

v.;s arranged as follows: Olapters on 

- Polyaerization studies. studies jn spinning. heat treataent (oxidation 

and carbonization) and development activities on surface treatment. 

the respective parts 2. 3 and 4 of this Final Report (Dec 84) are 

attached as enclosure 1. 

The evaluation of the results obtained during this period is compiled 

in the report on the December 1984 Tripartite Review Meeting. 

Pages 9 to 13 of that re~ort are attached as enclosure 2. They 

also include external· accomplishments as well as the working prograaae 

and proposals for 1985. 

Two further Tripartite Review Meetings were held. or.e on 10/11 Dec 85 

in Rio and the second one on Feb 18th. 1986 at CTA. Parts of the 

1986 Review Meeting Report are attached as enclosure 3. 

The state of the carbon Fibres prograaae in February 1986 with 

regard to the objectives of the Project DocU11ent as formulated by 

the Special Adviser of the project-at that time Prof. Fitze1·-is 

given in Chapter 5 • 

, 
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5. CONCLUSIONS OR THE STATUS OF THE CARBON FIBRES PROCIWlfE IN FEB 86 

Objective 1: 11Foraation of a teaa capable to absorb western 

technology and to appiy for own research and development". 

Since the Tripartite Reviev Meeting in 1985. the project leadership 

was changed froa Cap. ·Scyllas to Kr. Renato. Taking into account the 

starting difficulties it aust be stated that the present team is the 

best since the beginning of the project. The aotivation of the teaa 

aeabers is very good. and the cooperation between thea is steadily 

improving. SCMe l!!ll!Dbers exhibit enthusiasm in deaonstrating the 

successful work. Here Kr. Rheder should personally be mentioned. 

Although his speciality is the spinning departaent. he was charged 

with the repair and start of the carbonization equipment and was 

successful in solving all difficulties in cooperation with the technical 

staff members of PMR. 

Nevertheless. the number of members of the team has to be increased 

further to avoid that ~xperience gained so far is lost because of 

split obligations within the team and restricted numbers of coworkers. 

The team is strong in the fields of:. 

- wet spinning (llW) in the laboratory, but not in pilot scale; 

- stabilization in the laboratory scale and obviously in futUTe pilot 

scale; 

- carbonization in laboratory and pilot scale; 

- surf ace treatment in laboratory and pilot ecale 

but extre•ly weak in polymerization, even in laboratory scale. This 

pol)'11er preparation was the speciality introduced by th~ formr Chief 

Technical Adviset, Dr. Nagabushana11. Within the co-operation with 

COPENE, a polymer chemist is expected to be delegated to crA, in 

order to continue the polymer department. 
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Objective 2: "Development work on carbon fibre fabrication up to pilot 

scale and transfer to industry" 

The carbon fibre fabrication consists of a sequence of process steps. 

mono-1 DOlYmer!( sninning I 1stabiliza-1 carboniza-1 sur!ace 
mer zation · tion · tion treatment 
AN 

~> [!J--[2)--EJ--. ~--~-> C-fiber 

Planned froa the beginning, the prograa included all steps. It was, however, 

pointed out repeatedly during the last three years that it is coapletely 

unrealistic to expect that the final C-f ibre can be made froa own polymer 

within these short years. 

Fortunately not only PAN._precursor fibres suitable for C-fibre fabrication 

became com11ercially availab].e during the last years, but recently also 

stabilized Courtaulds -precursor (by courtesy of SICRI. which company has 

delivered the pilot carbonization furnace). 

The following material flow is indicated below: 

ES IBA Lurtaulds Hf 

raiir Lab 

·~1 [Ll > GJ GJ carbon scale > ~ fU:>er 

mt closed at rebuilt at carboniMtion 
existinry PISIBA Santa Clara 

~: ~ ~ [[2] r~10 
COUrtaulds f iher :~lized carbon 

PM 
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Step 3 

in pilot scale depends on the availabi~ity of the Santa Clara 

oven. This oven vas delivered in the fall of 1985 already. 

but so badly designed.that it vcrked as rooa heater but not as 

y•rn heater. It is hoped that additional theraal insulation will 

illprove the situation. Santa Clara takes the oven back next week. 

Perhaps rebuilding will sue ~essfully be Unished in April/May 1986. 

Then in the lliddle of the year the pilot line could work in the sa• 

vay as the laboratory line. 

Step 1 

Polymerization. urgently needs experts' help even for laboratory 

scale. The foraer Chief Technical Adviser would b'! an ideal help. 

Step 2 

because of non-availability of spinnable ovn polymers laboratory 

scale spinning work is concentrated on spinning experiments and 

optimization of FISIBA polymers. Perhaps a carbon fibre with lower 

final mechanical properties can be achieved from this precursor, too 

if stabilization carbonization treatment will be optimized. 

Spinning at FISIBA plant with UNIDO spinning equipment is stopped since 

long tne alreac!y. Unfortunately, most officials in crA and especially 

in COPENE do not remember that· this spinning equip•nt is owned to 

CfA by UHPSSTD (UNIDO). The plant was only established in Salvador 

because nSIBA has promised to run the equipment with own labour team 

and at own cost. 
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It seeas necessary that at that ti.lie COPENE will be reainded of this 

obligation. ~ 

• 

• 

.. 

• 
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6. THE tiORK PERFORHED An'ER FEB 86 UP 'l'O THE PROJECT 
TEICMINATION END O~ FEB 87 AND FINAL RESULTS. 

The report in this chapter comprises : 

6.1 UNFSST/UNIDO contribution 

6.2 - The cooperation between CTA and COPENE 

6.3 - The stabilization furnace, built by 

6.4 - The carbonization furnace, built by 

SIGRI/RUllSTRAT 

6.5 - Summery of the activities 86-87 

6.1 UNFSST/UNir~ contribution 

The UNFSST/UNIDO support until 85 is compiled in the 

Enclosure 4. 

th ·• 
The support in the last year (5 ) of the furtherly 

extended programme was small only but effective from 

view point of finalization of the overall concept. 

It consisted of : 

a. Two visits of Special Technical Adviser (first one in 

Feb 86 for preparation of the Tripartite Meeting, and 

the second, in Feb 87, for assist in finalization of 

the Project and preparation of the Second Phase). 

b. Visit of ~he expert Josef Steinhart, with the aim of 

running the carbonization furnace, using stabilized 

multi-filament fibers from SIGRI, and to propose 

ap9arative improvements. 

I 
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c. Two Study-tours of CTA aeabers: 

Firstly• Kr. Polidoro• to Europe• in Septeaber 1986 • with the 

iaportant task to prepare the visit of the expert. Hr. Steinhart, 

mentioned in (b) above • 

The second study tour was performed during the first half of 

1987 by two leading aeabers of crA (Mr. Jtessel. as the new 

Technical Vice-Director of IPD/CTA and Mr. Rea!, the Chief of 

Materials Division) to the People's Republic of China. following 

an invitation of the Chinese visitors froa BIC'f and !!AM during 

June 1986 ~lt C'fA. (Progra...e as enclosed). 

6.2 The cooperation with CX>PENE 

6.2.1. Contract 

The most successful achievement of adapting the research results 

to industrial application was the co-operation contract between 

C'fA and COPENE, no 004-IPD-C/86, signed on January 22, 1986. The 

effective co-operation started in April 1986. This contract is 

planned for two years. It covers a CX>PENE input in the order of 

magnitude of Cz$8.0t>O.OOO,OO split into a part of Cz$6.000.000,00 

to be used for expenses at C'fA and Cz$2.000.000,00 for expenses 

for polymerization and spinning works at COPENE. The part for C'f A 

covers: 

a. Laboratory equipment (US$235.000,00) 

b. Personnel expenses 

c. Exchange of measuring data and sample materials with FISIBA. 

-6.2.2. Results on polymerization 

As reported to COPENE in October 1986 the polymer group at CTA has 

developed a good precursor polymer (rAN), in the labcratory scale, 

with the following chemical composition, an~ propertigs: 
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Aery lonit¥"ile 93% 

Methyl acrylate 6% 

ltaconic acid 1% 

Intrinsic viscosity /n/ 1.63 

N••erical 90lecular weight (iin) 114.828 

Ponderal 90lecular veight (iiv) 213.467 

Polydispersion 0. Ji ) l.86 
v n 

The chemical composition and properties of the ns11A polymer. used so 

far at CTA laboraotry-acale spinning plallt. and also. at FISIBA spinning 

plant is: 

Acrylonitrile 

Methyl acrylate 

Intrinsic viscosity /n/ 

Numerical 90lecular weight (iin) 

Ponderal molecular weight (iiv) 

Polydispersion (ii JM ) w n 

94% 

6% 

l.60 

127.982 

255.642 

1.99 

As a comparison. the :illported COUllTAULDS polyaer (froa the finished PAN 

fibre precursor) shows the following properties (see table 2): 

Chemical composition: 

Acrylonitrile 

Methyl acrylate 

ltaconic acid 

Intrinsic viscosity /n/ 

HU11erical molecular weight (ii
0

) 

Ponderal molecular weight div> 

Polydispersion (ii /M ) v n 

93% 

6% 

1% 

1,60 

149,390 

244,215 

1.73 

The polymer technology reached by crA group is already available to 

.. 
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be transferred to the Brazilian partner COPERE. since they have the 

PolJlll!rization plant ready • 
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POLYllER 
caaMCnUIATI<B 

cm COUR'l'Al.'LDS 
. - . 

llv 387485 257670 
. -

Mn 143407 149390 

Polydispersion 2,70 1,72 

. 

" 2,44 1,6 

.• TABLE 1 - RESULTS ON POLYMERIZATION 
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6.2.3 Results on spinning at CTA and FISIBA 

The properties of the PAN precursor fro• FISIBA s~un 

at CTA plant are the following: 

Tensile Strength (GPa) . 0,4 . 
Elasticity Modulus (GPa) : 6,0 

Tenacity (g/Dm) • 4,2 . 
Denier . 1,2 . 
Density (9/ca

3> . 1,16 . 

'l'he properties of the PAR-precursor spun at CTA spinning 

plant froa.the polJllE!r developed at CTA Polymerization 

group are i 

Tensile Strength (GPa) : 0,32 

Elasticity Modulus (GPa) : 8,14 

Tenacity (g/Dm) : 3,18 

Denie£ : 2,0 
3 Density (g/cm ) : 1,17 

(see also tabel 2) 

According to the opinion of Dr Falkai, who was the UNJ.DO 

consultant in 1984 and is now private const..1ltant at FISIM the 

CTA laboratory scale spinning plant has achieved the 

limit of its capacity for the FlSIBA polymer. 

The immediate development objective of CTA spinning 9rou~ 

. is deltverin9 some batches, around 6 Kg/month, of the 

CTA polymer, t~ be spun at FISIBA plant to achiev~ 

better properties. These precus~or.a then, will be r.ent 

back to CTA, f~r heat and •urface treatments. 



CTA POLYMER sguN FISIBA POL»t!:R SPlN FISISA POL~ ~ 
PROPERTIES AT CTA PLANT . AT CTA PLANT. AT FISIBA PLANT 

'r.'~SILE STRENGTH 
(GPa) 0,32 0,4 0,42 

. 
MODULUS (GPa) 8,14 6,0 1.0 . 

TENACITY (GPa) 3,18 4,2 4,5 

TABLE 2 - RESULTS ON SPINNING AT CTA LABORATORY AND AT FISIBA 

• 

.... 
0\ 

I 
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6.3 The State of the Stabilization furnace built-by 

Miquinas Santa Clara Ltda 

This investment for the pilot-line at CTA is covered 

by additional brazilian bud~et input, only. The furnace 

has been 4emonstrated before the last Tripartite Meeting 

at Sio JOSe, 1n Feb 16, but turned out to.be unacceptable 

because af insufficient thermal insulation. It was 

brought back to the factory at Sao 'aulo, redesigned 

and rebuilt by the delivery company. It was tested in 

Oct 86, by the CTA Connission and was classified as still 

unacceptable because of the re~ining heat losses to 

the environment. 

It is finally decided that the aid of an expert is 

needed to solve the problems and to allow the installation 

of the furnace at CTA, carbon,fibre plant again. 

careful! estimations let expect the opperationreadiness of this 

oven earliest in april 86 and latest end 86. 

It seems possible that the amount of 300 Kq multifilament 

carbon fibres can be fabricated from the imported 

stabilized yarn. Furthermore 3-6K carbon fibres can be 

prepared in the laboratory line or eventually also in 

the Santa Clara furnace (if available in time) from 

i111pOrted PAN SAP precurBor J11aterial (again 300Kq) before 

the end of the present course of cooperation with 

COPENE. 
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6.4 The·Carbonization Furnace, designed and built by 

SIGRI/RUHSTRAT 

This investment for the pilot line at CTA is covered ~y 

UNFSST budget part, only. 

The last deDK>nstration of successful op~ration with 

this furnace was CJi'Ten recently in cooperation With the 

expert Josef Steinh~rt (oct~ber and november 86), and 

during consecutive runs by the team~fte~ the departure 

of the expert • 

. The tablel shows the achieved carbon fibers properties 

as function of varirus process parameters. !taximum 

strength values around 3 GPa have been achieved with a 

final H"l'T of 14oo0 c and allowed carbonization shrinkage 

cf S to 7 percent. The Young modulus for these high 

Etrength fibers is around 210 GPa. A small increase of 

Young modulus up to 220 GPa was measured after maximum 

HTT of 1Soo0 c. However, strength dropped to 2.2 GPa under 

these condition. A reduction of HTT decreases the Young 

1DOdulus to values below 220 GPa. 

a 



• 

RESIDENCE ISHRINJCAGE TEMPERATURE TEMPERATURE DENSITY 
N9 TIME 

' 
19 guRNACE 29 guRNACE q/cm3 

(min) c c 
1717 4 5 700 1350 l', 79 
1718 5 S· 700 1350 1,79 
1719 6 s 700 1350 1,79 
1720 12 s 700 1350 1,81 

1721 4 s 700 1200 1,83 
1722 4 s 700 1300 1,80 
1723 4 s 700 1400 1,78 
1724 4 s 700 1500 l, ~6 

1725 4 0 700 1400 1,79 
1726 4 7 700 1400 1,78 
1727 4 10 700 1400 1,78 

TABLE 3 - RESULTS ON OXIDATION AND CARBONIZATION 

• • 

GP& 

2,82 
2,47 
2,33 
1,48 

1,62 
2,43 
3,08 
2,21 

2,38 
I 

2,88 
2,43 

• 

GP a 

197 
193 
192 
177 

167 
185 
211 
220 

203 
209 
215 

I 

""" '° I 
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The figures 1 and 2, below, show two aspects of the 

SIGRI/RU:ISTRAT carbonization furnace, in opperation, 

during the stay of the expert Hr Steinhart. The material 

processed is the aulti-filaaent tow (320K) oxidized 

PAN fiLers, delivered from SIGRI. "!'he results are 

shown on table 3. 

PIG 1 : PARTIAL VIEWS OP THE SIGRI/RUHSTRAT 

CARBONIZATION FURNACE, IN OPERATION. 

• 

• 

.. 

• 
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There is justified expectation for illproving mechanical 

properties of the resulting carbon fibres as soon as the 

apparative improvements proposed by the expert during his 

stay will have been finalized. Additionally graphite parts 

for the channels vith reduced cross section are in preparation 

(froa Brazilian origin) • 

With such a suppleaent a small number of lov fil.al!lent tovs will 

bec09e processable. 

5.5 Summary of the activities in 1986/1987 

The work perforaed during this last (fifth) year has shown the 

absolute need for extension of the progrmme as proposed hy CTA 

and accepted by the Tripartite Heviev Meeting in 1~!4 and 1985. 

a. Only during this last year a breakthrough vas achieved in the 

polymerization development under the cooperation of the Polyaer 

i::hemist of COPENE. 

b. Based Jn this result on polymerization a variety of modified 

PAN precurso~ polymers became available for spinning experience 

at CTA. For former spinning studies only imported precursor vas used 

as vell as the official commercial FISIBA polymer, not optimum as 

precursor for carbon-fibres. 

c. Thanks to the cooperation with COPEHE the pilot spinning equipment 

set up at FISIBA plant (an investment covered by Ut!FSSTD budget only) 

is, for the first time~ running for systematic experiments. 

d. Although the stabilization oven from SANTA CLARA is not ready for 

successful operation, the basic for the final solution for the 

heat losses has been elaborated during t1lis last y~ar of the 

project only. 

e. The initial problem with the carbonization furnace (which was set 

up at crA) has beer. successfully solved during this last year of 

the prograane. 
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f. Most satisfying is the fact that all these iaprove.ents in 

the last year of the progra- have been achieved by the 

Brazilian teaavith only ainor c3ntributions froa UNIDO 

experts. This fact demonstrates capa~ility of the teaa to 

perfora creative technical work on its own. • 



• 
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7. OVEllYIEV OF THE llESULTS FROM THE FIVE YEARS' PROGIWME AND FINAL 

COllCLUSIORS 

The early eighties. the period when the 111FSSTD supported progr~ 

started at Cl'A. were exactly the years when the US FOR Company 

clevelopped the prototype of a personnel streetcar 118inly made froa 

cart.on-fibre composites • 

Froa today's vietlpOint, the judge•nt of all international experts 

at that tille on the possibility of a very near broad industrializa~ion 

in production of carbon fibres and in general use of such advanced 

ce>11posites in fields besides aerospace was too optiaistic. It was 

as&\IM!d that all technical problellS ~re nearly solved already. 

As a consequence, the aia of the overall programme planned at that 

tiae was too optiaistic, and first of all too broad to be fullfilled 

vit: • ...n three years only. namely: 

starting from polymer chemistry. spinning technology. carbon fibre 

fabrication and surface treatment and ending with application of 

the fibres and finally with transfer of all results from these 

fundamental steps to industrialization. 

Nevertheless. with the understanding and practica~ pport of the 

ClA direction, Governmental representatives. UNDP, UNFSSTD and 

UNIDO, it was possible to extend the working programme from three 

to five years in the course of the project. 

Furthermore, with an additional budget input from crA, inputs 

from industry and the enthusiasm of the team members. it was 

possible to achieve many benefits for Brazilian technoloy, in 

the field of carbon fibres, as can be seen from the information 

and results given in this report before. 
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7.1 The t~ 

First of all. a well trained teaa could reach a high technological 

level froa precursor development up to the final product. 

The CTA teaa is able to enlarge the group. educate people and to 

successfully cooperate internally and externally and to transfer 

the results froa laboratory to industrial scale. 

The design and construction of a pilot-scale stabilization oven. even 

with some technical problems. shows that the Brazilian industry is 

becoming able to develop and fabricate equipment for advanced 

98terials technology. 

7.2 Industrialization 

The first step towards industrialization was achieved by the 

cooperation progra.1e between CTA and <X>PENE, bringing in the near 

future the ~pabilit.'7- for industrial production of c011111ercial 

carbon fibres, showing that the real objectives were achieved 

within the project plans. 

7.3 The properties of the Carbon Fibres achieved in the programme: 

In the laboratory line, after optimization of all parameters, 

carbon fibre tows, with 6000 filaments were obtained from 

COURTAULDS precursor, with the following properties: 

Density (g/cm3) 

Tensile strength (GPa) 

Elasticity ffo._: ..alus (CPa) 

1,77 

3,0 

220 
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Oxidized PAN fibres from CTA laboratory line, carbonized in the 

SIGRl/RL'HSTRAT furnace, showd the same properties as written 

~verleaf. 

Carbon fibres from the 11Ultifila.ent oxidized .. terial delivered 

• by SIGRI, after the carbonization in the SICRl/RUHSTRAT furnace 

'-T sh~d the fo !lowing properties: 

J Density (g/ca ) 

Tensile strength (GPa) 

Elasticity Modulus (GPa) 

Concerning the surface treatment: 

1,39 

3,0 

210 

Some modifications in the electrolytic cell were introduced, to allow 

a better current distribution within the whole cell. Those modifications 

will be introduced in the pilot-plant cell too. 

In both, laboratory and pilot scales, the team is able to condl;ct 

surface treatment wc.rk and to match different de~rees of surface 

oxidation as needed for the various matrix resins. 

Quality c~ntrol: 

The team is able to perform quality control from the raw material to 

the finished product. 
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7.4 Future aspects 

One has to be aware·however that the cost for running 

the pilot plant are eJCtremely high for CTA, especially 

as far as the nitrogen consumption.but also the labour 

costs are concerned. 

It is proposed that CTA has to run the pilot plan~ to 

produce carbon fi!.ers, at least until the followinq up 

programme has resulted in further improved carbon fiber 

qualites. 

The, the pilot plant ~hould b~ transferred to an 

industrial partner with the obli~ation to supply carbon 

fibers materials to CTA in quantities, needed for the 

further research development work on composite materials 

at CTA. 

In any case, .the carbon fiber laboratory line and basic 

equipments for laboratory work a tests have to remain 

at CTA for further techn~logical improvements in general 

and for use in the follow up programmes. 

TO MARTINS - Eng 
Project Leader, a~ CTA 

PAULO ~RMARlES SAllTOS-En9 

Head of fo'aterials Division IPD/CTA 

.. 

• 

• 
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Ella.o511lE 1 

Ottitten by Dr. llagabushanaa. Dec. 1984) 

2.0 -~ 1C1'1Vl'l'llS lH "DE PRfXlRDt tDGC 

2.1- Activites in 1982 

1 - Polynerizatia1 Stu.ii.es 

For the fint tine, the groq> ws trained in the polymerization of 

acxylonitrile in the presence of ooaaiaaeES like nethylacEylate L-i 

aqueous lll!diua. Free radical polymerization aethods wem introduced. 

Initiator system S\dl as potassim persulfate-bi.Sulfite ws used to . 
polymerize the vinylnaaers. 'lbe polynem synthesized were purified 

ana dlaracterized by Yiscanetric aethods outside ~ as there were 

n:> facilities at that tine in cm. 

Table 1 gives sam of the J:eSUlts of polymerization. Meanwhile, in 

August 1982, the lab. acdel wet spiming assarbly arrived (supplied by 

UIIOO} at the Project site. As the spinning experiments require larger 

quantity of the polyners, and as cm group had only a small polymer-
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izaticn wssals, 1e 100 to 200 granas alpilci.ty and 'had no CXJPCianers, 

~tis felt illplrtant to standardia the~ e>lpeEiJlents using 

~ Sintiticas da 8Bh1a S.A. (FISIM) sqplied mnerc:lal ac:zylic 

polJlllen. '1he pol.JEl'izattm experUents were _postpmed to a later 

date. '1he activities llele cxa:~J:.utratecl en spUning of aciylic fibers, 

in crier to ~ the &pim1ng aparameteis. 

Table 1 - Results of polymerizaticn 

lU.11&., JEUJ ,.,, VISCmI'lY 

1 4.46 
2 2.45 
3 2.21 .. 2.89 
5 2.84 

' 3.19 
7 6.Co 

-
lbuaea:s: acrylcnitrile: 941 

Methylaa:ylate: '' 

ii - S~es in Spinning 

With the arrival of Lab. M:>del Wet ~ming Asse1ply sqiplied by umx>, 
the activities started in spinning aaylic fibelsusing the cxnnercial 

acrylic polyner &1.IJPlied by FISIBA. '!he line diagram of the spinning 

eq-..:ipnent is given in Figure 1. In order to standardize the working 

axditim of this equipMnt, pmli.'llinaey spiming e>cperiments were 
cua:erad using 23' polymer in N N ,timethylfoDIBlllide (OF) • '!he results 

of initial fiber spinning wexe presented in Table 2. later, several 

~ were llBde in spiming using variations .in the spin pimp 

speed and suooessive ex>agulatim, etc. 

iii - me Stmies of the Sp!! Fibers 

With the availability of umx> S\.f'Plied differential •c:aMing calorineter, 

it was pcssible to cany out p:ntliminUy studies on C1'. spm fibers. 
'lbe .resulu would thlOUl)h light cm the cyclizatim and stabilization 

para.~rs. 1be me nsulu are presented in Table 3. 

• 
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.. 
TABLE 2 - PRELIMINARJ SPJ*n«; RFSUl.1S 

- • 

SPltMt«i N9 snETOI RATIO n:!!zsm MllVIS JENSm 
IgJ-2 Gta3 

1 2 .. 35 7 .. 6 2!6 1 .. 17 
2 2 .. 35 19 .. 4 545 1 .. 17 
3 2 .. 25 17 .. 7 600 1 .. 18 
7 3 .. 3 14 .. 3 393 1.11 
8 3 .. 3 43.3 1297 1.16 - -

9 3 .. 3 35.7. 990 1 .. 17 
10 3.6 39.3 960 1.16 
11 3.6 17.6 408 1.15 
12 3.6 20.95 426 1.15 
13 3.6 17.4 376 1.16 
14 3.5 33.7 937 1.15 

15 3.5 33.7 937 J.15 
16 5 32.2 415 J.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 
Zl 4 21.6 335 1.17 
22 

. 
4 21.9 362 1.17 

23 4 20.z 335 1.17 
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• TABLE 3 - ll5C RESILTS OF· CTA SPlN :ACRYUC FIBERS 

• SNPLE <IUEll ~ ACTJVATI<M · <DRRELATl<M 
REAC.TI<ft FACl'<ll BBQ" 

(n) c.m-1> (D/M)L) (\) 

1 1.os 6.0 x 10 101.3 99.19 
z 1.09 3.0 x 10 99.Z 99 .• 53 
3 1.04 1.9 x 10 96.7 99.50 
7 1.04 8.3 x 10 104.2 99.92 
I i.oz S.4 x 10 102.z 9!.75 

9 1.06 3.9 x 10 100.s 99.14 
10 0.96 3.8 x 10 100.s 99.85 
11 1.02 4.6 x 10 100.9 99.92 
12 1.01 Z.3 x 10 108.7 99.71 
13 1.os 1.6 x 10 106.9 99.89 . 

14 1.01 9.7 x 10 104.S 99.80 
15 1.as 1.9 x 10 107.8 99.84 
16 i.os 2.4 x 10 108.9 99.80 
17 1.13 2.8 x 10 109.4 99.58 
17A 1,08 8.8 x 10 102.4 99.92 

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.l 99.95 
21 1.13 6,5 x 10 102.s 99.92 
22 1.12 5.9 x 10 101.9 99~76 

ZZA 1.15 4.3 x 10 100.3 99.84 
23 1.1s 4.3 x 10 100.3 99.84 
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2.2- A...-tivities in 1983 

1 - Activities 1n ~ at ca 

lberoas spiming experim!nts WHe an1ucted ~ lab. M:Jde..,_ Met 

~ Assalbly sham in Figure 1. lbr exanple, a fw studies are 

mntimedhue. 

asEI 

~)'Er CDJCentration : 23' in II'.:" 

Stmt:ch ratio : 5 

o:a11ositicn of pDJBEY magulat:icn bath: 50/50 oe- 11.zo 
O •'lmiti.cn of seanJ magulatim bath : 0-41 OF in vat.er 

Q:mpositim of stxetdl hath : 6\ or in water 

0:111csitim of wash hath : water 

!\mperatme coagulat:icn hath : 1°c 
'B!apecat:me of second aagulatien bath : 2act 

'n!aperatum of bot plate : 14l°C 

~II 

~ t.enperatme of coagulatim bath was varied fxan o-t'c and the 

CXJipOSitim of magulation bath was fixed at 40\ D-F in water, st.retch 

ratio was 4. All other a:indi.tions were sane as in case I. 

Zn View of the above systenetic experiJlents, case I and II, the follaring 

Clbservaticns were made: 

1- Sea:ind ex>agulation bath CP.igure 1) had an cbservable effect ai the 

ifiysical ~ of final fibers. 

2- "IWlsile strength of the final fibers fcuxJ to .increase q> to a 10\ 

DF m»eentratia> in the fd bath (figure 2) • 

3- aver and above 10\ DF ccnoentration in the fd cmgulatim bath the 

· tensile st.rength of the fibers was not effected or had miniJ1un effect 

U'igure 2). 

•- Yomg'• mcdulUI fcx.n! to .tncrease q> to about 30\ DF crrantratim 
in f"1 coagulaticn bath (Figure 2) • 

S- YOW\9 '• ncdul\11 fomd to decrease when (DF) was increased a."-.Dve 30\ 

(Figura 2) ·• 

6- 1he increase in the cmgulation teslperature had decreasing ef feet en 

the physical prcperties of the fiber <Figure 3). 
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Frcn. these cbserwltims. it may be cxncluded that slow magulatian 1llOUld 

yield final fiJ:len with favourable ~ prcperties lilwn the DIP 

cxaamtratian of the fwl ooagnl•ticn hath is less than lOI "1td.ch a>uld be 

me to the further s10I diffisicn of-solvent into tt~e zt1 magulatian 

bath "1ich would have :resul~ in the incmase of pmt.o ftbri le density 

"1td.dt in tm:n wuld nflect in p.ysical ptqert:ies of the final fibus. 
Also it tas mm lo.er' tenperature in the coagulation bath. "°'11.d also 

zesul.t in hi~ density fibers. 

°'5EW 

Effect of pB of the 00agnlaticn bath an i;:fJysical prcperties of the 

acrylic fibers. 

~ anlitic:ns : 

POiymer mnaent:rat::lm: 241 in DF 

O>agnlatial bath : 50/50 OF: 8i0 

~ hole dia.: o.oa. 
M9 of holes : 50 

*111 pmp tenp.rature: 60°C 

Draw ratio : 5.6 

lbt spin t:enperature : 143°c 

Qnpositicn of saetch bath: 6t DF. ter.p.: 9f>c 
Q>agulaticn bath tenperatute: varied 

pB of the a>agulation bath : '\J;uied 

In eadl spinning experillent. the polyaer dqle was filtered before 

intmduc:inq into the d:p hopper. ~ cq:ie hopper CDltaining the polyner 
soluticn was devaccuated befom spinning. 

the following ctlservatims were Jlllde: 

- tbder the same pH and at diffennt te:lptratun!s, the c:rcss sectim of 

the final fibers fomd to change fran kidney shape at lower pR values, 
ie, pHs 2.8, 3.8, 6.6 to circular at higher pH values, ie, p11s 9.1, 
10.8. 

- Jt:iwewr, \Slder the ~ t:enperatunt and in different pff values, there 

was not lllX:tl effect en the crass section, •hating that pH 11111y not 

ef feet en the st.n>ctural aspects of the fibers. JbMver', in C»rtain 

cases at high plls voids are not.iced in the q>tical nd.crmcxpy. 

- Density decreased vi th an increase in the pH of the ccagulation 



- Ji -

batt., tMnby. effecting t" .. w:hanlcal pnprt1es of the final fibers. 

- De incl'eae in pll values ~~ • :ld to have diJlinish1ng effect in general 

en tensile st::nn:rth wlues of the fil>en. At coagulatim tatperatures 

of />c, is°c, a~. JS°c a dec:mas1ng tnnd in general '85 cbserved. 

Blwever, tbeD= ue SC111e disc:repanc:ies in sme places. Ouerall picture 

is that thele is a c1ecnasinrJ effect. 

- lb\Jlus wlues am also in general decreased with increasing pH, 

howewtr, a decnase and :Increase m'ld deaeasi.ng tendencies weEe 

Clbserved. 'Die general tnnd, hDwever, is of decreasing order. ".lhese 

decreasing trenis in tensile stnngt:h and IDCW.us would have resulted 

AJe to dec:reasing values of density with :ineleasin!J pH. 

CASE IV 

Effect of spin p11p speed, size and speed of tak&-q> gOdet m J;hysical 

ptqetties of acEylic fibers 

In wet spiming, the denier of the f'iber depends en several spinninrJ 

par.meters such as, spin pmp speed, spin pmp size (that ccntrole the 

plllping of polyner ~ into the ooagulation bath), spinne&.""ette hole 

clianeter, nmber of spiming holes, take-q> speed and hot stretch 

ocnditions. llli.le keeping all cxnliticm amstant, the fineness of the 

fiber aJUld be iJlproved by inaeasin!J the nmber of holes of the 

spimemtte. In cases where there am m spinnerettes with a higher 

nulber of holes (in our cases we have mly 100 holes spimel'ette), the 

fineness can be inpmved by reducing the spin p11p speed them by 

controlling the polym: pllpinq into the coagulation bath. llien this is 

also achieved lllilXiJuD the next pa.ra:eter that can be used to get the 

fine fibers is by J:educing the spin pllp Si7.e. ftMever, when the 

JnininuD sia pmp has already been used, then the take-q> speed of the 

fint godet could be .inCleased which facilitat.eSt.o increase the speed 

of the &Ib;equent godet. 'lhis will not mly 9ive fine fibers, but also 

would increase the speed of product.ial. fbRver, when doing so, me may 

sacrifice the density of the fiber unless the length of coagulatim 

path is incleased. E\ent:hough various 1eports are available in literature 

systematic studies m these pararreten are lac:Jd.ng and also nDSt of the 

nsulta an in patent form. In View of this, a systematic study is 

ccnducted using different spin pirps, spin p11p speeds, take q> ioller 

speeds 1.l1der identical a:nlitiona. 
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~ amditicns in case JV wen: 

l'Olymer amcentratim : 23\ in DF 

Vlsa:lsity of ~ solutim . 
at SOCC by ball fall athod : t:IJle: 23 
(bagulaticn bath o "l<lSition : 50/50 IMF 820 
~holes : 100 

~tte di.a. : O,l ... 

0111mitim of wash bath : Baths 1 aid 3 vat.er 

QJwp:lsition of stretch bath : Cl IMF 

Tenpt.catme of ocagulat.ion bath : ~f'c 
'1\!npenltme of bot pin . : 170°c 

Maintaing the above spiminrJ cxnlitims, in general, the other variables 

wme dlanged as giwn in Table 4. 

SPJN ffH> SPfED SEm>CF ..xnut IDIERCF 
TAJCE tP Sl"JCEHll 1'HE FIBER 
CDEl' 1 amuJE> 

ME'lERS/MINUIE IE'JERS/MINUl'E 

I 3.0 5 7.0 3.990 

iJ 2.0 5 7.0 2.470 
1.4 5 6.4 1.828 

s~ 1.4 7 6.7 1.560 /); . 

1.4 5 6.2 1.430 
r: 1.4 6 5.4 1.370 .... 
.. > 

l{ 1.4 7 5.7 1.009 
1.4 7 6.0 1.020 

c .. 1.4 7 6.3 0.970 
i • 

1.4 8 5.6 0.960 

Using spin pmp of size 0,6 aa3 /PaV when the speed of the spin purp is 

~a stretch ratio of 7 a:>Uld be cbtained which resulted in a denier 

of 3.99. ltie.n the spin p11p is further reduced to ~a st.ntch ratio 

of 7 is achiewd (difficult), but the denie1· of the fiber reduced. A 

further reduct.icn nsult.ed in a decrease of stretm ratio b&.'t der.ie:- of 
the fiber reduced to 1.828. '1'\is ahcMs that a decrease 1n rate of 



- 38 -

• 
TNltE 5 - BEST SPINNING RESULTS OF 1983 (LAB. tl)O[L) 

STRETCH RATIO DENIER TENSILE STRENGTH llH>Ul.US 
GP a GP a 

5.6 3.79 0.36 5.8 
EARLY 1983 5.6 8.20 0.38 5.4 

5.6 l.92 0.34 7.8 

4.9 1.35 0.28 7.72 
5.7 1.00 0.34 9.24 

znd HALF OF 1983 6.0 1.02 0.28 8.04 
6.3 0.97 0.421 7.73 
5.6 0.94 0.349 9.86 

• 
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pmp1nq of polyner into the coagulaticn would yield finer fiber keeping 

al other spUming a:nditicns constant. RcMever, the xeductim in the 

~ of the ~ will iJlp:Jse a anstrain in the aaxinp cbtainable 

stretch :ratio keepinJ stretch bath a:nditiaas a:instmt. Beyaid these 

lind.ts the fibem were breaki.D!J in the stretch bath. lblever, ~ 

inc:Eeasing the take-q> godet tD 5-'a to Wm a slight :raise in stmtch 

:ratio md denier could be lldd.eved. 

3 
llien the pmp size was further dec::reased ftaa 0.6 to 0.4 an '/fev. still 

finer fibers muld be d>tained. As shcMn in Table 4, when the take-q> 

godet speed is changed, very fine fibers could be cbtained. 

B:Mever, the rise in the speed of take-q> ~ 'WOUl.d inpose sale 

:restriction in spinning. A quicker nnoval of the fiber ftan the 

magulati,on bath nd.ght effect the density of the fiber whidl my in tum 

nsult in weaker fibers. In such case, one should cu1pe11sate by :lnaeasin 

the magulatim path. 

Qi the basis of these experililents, the foll.owing oonclusims were made: 

- A decrease in si7.e of the spin pmp would yie:ld fine fiber due to the 

reduction in the pmpinCJ of polyner into the maqulatim bath. 

- Decrease in spin pmp speed would also yield finer fibers due to the 

above reason. 

- care should be taken to c:x::rrpensate the residence tine of proto fiber 

in the ooagulaticn bath by increasing spinning path. 

- 'lhe reducticn in spin pmp size and spin pmp speed would inpcse 

restricticns oo ci>tainable dru ratio. 

Later m hundreds of experiments wen CDlducted. 'lbe var.iatioos in 

spinning parameters included spin pr.p speeds, no of holes in the 

spimerette, si7.e of the spinnerette hole, dope CXJlpo&ition, etc. 'lhe 

best spiming results of 1983 are xepresented in Table 5. 'Dle results 

during the later half of the year are a::inparable with sa:e of cxr.nercial 

fibers. 

• 
ii - Spinning Activities at nsIBA (Fi.bras Sintiticas da Bahia S.A., Carnayari, 

Bahia) 

MearWlile the pilot plant spinning assenbly supplied by Wm:> has 

arrived. 'lhis was asserrbled at the pre'liously agreed site FISIB.\. 1he 



- 40 -

vi.sit of Prof. Falltai was plamed at the final stages of the canissicn

ing of this equiplent. Jtiself md lk' hlJrai. visited again the FISIM, 

and the pilot pl.mt sp1ming assenbly slt.e and net:ified the SllBll defec. 

and started the initial spJmtng experiJEnts. '!he F'ISIM sci.entists weze 

trained in several of the~ experiments. FISIM, thDugh a fiber 

pzoc1uc:ing indusay had no previms wet: spinning e11perience · 1hey weze 

trained in mdezstmding the spinning ocndltiCDS an£l c:mcial points. 'D'e 

pxel.iJlinal:y spiming nsults at nSIM tolan1s the end of 1983 ue 

presented in Table 6. After the ptel.imnary testing in f'ISlM at the 

plant site nmaining t-ests like densit.y EaSUD!lllE!nts wen perfoDlled at 

CrA. In view ~ the fact that the density of the fiber '85 less it was 

advioed to thelP ~ perfma a set experiJEnts amsist:ing the variaticns 

in polymer cc111mit:im. !he eJqJerienoes in the bench scale experi.IEnts 

at F.lSIM enabled to id--ntit.y ad to llpmve the iuq>erties of fibers 

in the pilot plant. Also, the scientists trained at cm by • and Falkai 

further helped the FISIM pq>J.e in cx:nmissicning the prellilinuy 

spinning experiments. In Viar of mutual antacts bdwen CA sei.entists 

and FI™ people, the pzqerties of the fibels at the pilot pl.alt were 

i.Jlpmwed. ~ a:mtacts and the interest shown by FISIBA wem sbly 

g:owing and FlSIBa\ aJd its parent organizaticn CXHNf: - Petroguimi.ca 

cb Nordeste S.A. were ~ the potentials of carlal fibers. 1his 

is very good for a project of this type for further industrialization o! 

this technology in the ex>mt:J:y. 

TABLE 6 - PRELDfiNARY SPINNING RESULTS AT PllDI' Pl»-7 IN FISIBA 

Spinning Stretch Final TS Jobdulus Density 
n• Denier Q>a GPa 

1 4 S.77 2.22 • - -
2 2.99 3.1 1.616 x 10-1 .C.31 1.0 
3 3 2.2 2 • .C49 x 10-1 S.292 1.14 
4 4.11 1.9 2.111x10-1 S.542 1.14 
s 4.47 1.9 3.163 x 10-l 6.119 1.13 
6 4.94 1.84 3.21 x 10-l S.36 1.18 



• 
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"lABIE 7 - SPDIONG JE!D:l'S ltr FISIM JN 1984 

SPillQIE .,.. F.DW. lBfIDl 'JS MDU~ mNSITr 
~x 10-l ~ 

7 1.64 
~ 

3.53 6.258 1.1' 
1.71 8.1' 5.75 1.15 

iii - SbJdies in JIDJ.JE!izati.ms 

MearMU.le the umX> !qlplied polymerization :reactors dlemical xeagents, 

initi.atms ana asaers axrived at cm, polynerization experiJDents 

wem cmducted in Sl'ftller sca?.e initially usin1J bo llDICDeCS, i.e 

aaylmitrile ana .ttiylaaylate, and aaylonitri.le, methylacrylat.e 

and itaa:nic acid. 1be s-Uer scale polymerization.s were of l liae 

capacity. ".l'hese polynerizati.ms ~ cmducted in aqmus lllE!dim. 'De 

polyaeris ~ filtered, dried and chaDcterized. '1h! results are given 

in Tables 8 and 9. 
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'11\Bl.E 8 - R;StUS ~ PCUIDifATiat <XNaX:"I'fJ> IN l Ll"1'ER C\PllCI'lY USJR; 
'1'D ID~. ie 1'CRrlafl'l'RILE nm IEl'I~ 

EXPDDBfl'S M . M • nwER.. '.l'IHE owrr. YIDD ,,, (\) . l°c> Ch) (g) 
. 

(I) . 
A-1 97 3 40. 5 104,70 52,35 

2 97 3 35 5 ·94,91 42.455 
3 97 3 40 5 171,52 85,76 
4 97 3 so 5 171,50 85,75 
5 97 3 60 5 173,94 86,97 

' 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 96 4 80 . 5 179,ll 89,555 

0-13 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 s 
21 98 2 60 5 
22 98 2 70 s 
23 98 2 80 s 

B- 24 99 1 so . 
5 

25 99 1 10 5 
26 99 1 40 5 
27 99 1 60 s 
28 99 1 80 5 . 

• 
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nBll: 9 - JESlDS OF~ tJHlrftD JN l Lnm CAP1£l"lY tSlNG 
'1'HI& KJOERS -~ (Nf), MEl'HD. MXllATE ""1 
MD rnaJaC N:ID (l'a) 

EXPmDBftS - Ill· lTA 'lDl'ER. TIME Q(MT. YIEU> 

") (\) (t) A:> Ch) "(g) ,,, 
A-29 " 3 l 40 - 5 

JO 96 3 l 60 5 
31 96 3 l 70 5 
32 " 3 l 50 - 5 
33 " 3 l 80 5 

8 - 34 95 4 l 50 5 
35 95 4 1 60 5 
36 95 .. l 70 5 
37 95 4 1 40 5 . 

38 95 .. l 80 5 
39 95 4 1 80 5 

c- 40 94 5 l 70 5 
41 94 5 1 60 5 
42 94 5 l 80 5 
43 94 5 1 40 5 
44 94 s 1 50 5 

D - 45 94 4 2 50 5 
46 94 . 4 2 40 5 
47 94 4 2 60 5 
48 94 4 2 70 5 
49 94 4 2 80 5 

E - 50 94 3 2 40 5 
51 94 3 2 60 5 
52 94 3 2 so 5 
53 94 3 2 70 5 
54 94 3 2 80 5 

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

• 
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iv - Pllming in !bl.y!erizaticns 

Also 8eW!Lal of the polpedsaticns wme ~ and the follodng 

p1ln vas given to the pncumar gl'Olp: 

Pbnnecl Jlblymeri.zaticn Ellpers.nts: 

- l'Olywizat1cn Jn me liter aipadty - 1111datiaa in tepea:ature 

- ~en Jn me liter C11iet:ity - constmt taprature · 

- l'DlymedzaUcn of acrylanitrile in - wnatiCln in telperature 
the pmsenae of two CXllCHJiie&S (tbizd KllC'ller) 

- lblperizatim of acryklnitnle in - amst.ant t91erature 
the pLESeilC2 of two CXXlllCm!lS 

- lblymrl.zatim of acrylonltrlle .in - variations in taperature 
the p:esence of blo ~ (tbird KllCllel'.) 

- ft>lperi.zaticn of acrylcnitrile in - ci:nstmt te•1ecature 
the pa:22ence of two ua:aw (third KllCllel'.) 

- <hand.erlzat.i.cn of these UJpOlper:s 

v - !?lin!l !!> of Pol)l!lerizattm to RiF Op!citx 

A - Scale ip of acrylic polynerizatims (~ llClnClllE!rS, acry~ttile 

and nethylac:rylate) to 5 liter ccipacity should be CXJntinued. 

B - Scale '4t of aayllc polymeri.zatims (using llOOlel"S, acrylc:nitrile, 

llethylaaylate and itaalnic acid) should be cxntinued after the 

analysis of the pxeliJainilly re5Ults. 

2.4- Witia1al spinning Studies 

i - S;>iminq of cm Ac:Eylic Pol)'!!!!rS 

In future, t:he best of ClA polynzs have to be spm using the previous 

and ll:ldified spinning parameters. 'lbe groq> was advised 17.1 me on this. 

I have also advised the ~ to prepare polyners of type B in 10 ll ter . . 
capacity after loo1t1ng at the initially spm A and 8 C'rA polynen. 

1bese polyners haw to spm using the previously developed spinning 

ccnd1 ticns. 

ii - Planninq in New SpimU!9 Methods 

spinning of acrylics polyners usinq inorqanic spiMing solvents: 

I haw advised and gave the plamed s.'leea of the type enclmed to spin 
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the -=iylic filJers using incagmic solvents. Inarganlc solvents \Oll 

peolit in using h19' spiming tenperatme in the a:agulatim bath 

YU.ch waWd nsult in c:lrculanty in cross section of &JUl fibers. 

IJ1leSe irlDlgadc solwnts oou1d be aodiua thi.ocynate Ind zinc c:blmid 

-=esentative p1.amed ~ are enclosed as Tables 10 and ll. 
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3.1- Activities in 1962 

i - Positi01 at the Ti.Ille of-.. Arrival 

Just before~ un'Val. the previous Chief Tec:hn:i.cal Mviser. JR 

left the Pmject. At O!ntro ~co Aemespacial. the hen 'beatnient: 

aC:tivities ~abandoned 01 FISIBra cumerc:ial grade fibers. the researd 

and develapal!lital activities started~ usirJrJ iJlpc;rt.ed special 

grade aaylic fibezs sqiplied by QJurtaulds. lhgl.and. At this tUe. the 

deuelqnental. activities m hat treablent ~ conclx:ted using the 

heat treablent systaa of the type sba.n in Figure 4. '1he best nsults 

m FISIM fiben at the end of 1981 are shr:Mn in Table 12. 

ii - .Activities Aft.er my Arrival 

Sewral studies were a:nJucted in 1982. Several of the pmneters in 

heat treabnents ware ~ed due to the advices of other expen.s who 

Vi.sited the project site. 'D1e studies were CXlnCentrated minl.y using 

Cburtauld's SAF precursor. Several of ~ts were aniuc:ted in 

heat treabnent. 

Titles ll and 14 and figures 5 a.Yld 6 sho.I Sa;Je of the initial studies on 

Courtauld's fibers m the effect of heat aeat:nent telperab--e on tensile 

strenc]th and nDdulus. 'Die best results of heat treat:?!le."lt stuc!ies in 

1982 are represented in Table 14." (CDltinOOUS process) and ta!Jle 14£: 

fCiscont.inmus process). ,,.lso, in order tc find out the effec= o! air 

flux ct'1rlng O>tidatioo stage, several experir:ents we:re ~..ed both in 

the presence and abseo1e of Roved air. "lbe results a..re prese:rted in 

Table 15. 
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~ 12 - BEST RESULTS OF 1981 • ONE STEP OXIDATION (FISJBA PRECURSOR) 

OXIDATION CARBONIZATION 

ELONGATION TEMPERATVRE RES.TIME ATMOSPHERE TEMPERATURE RES.TIME ATMOSPHERE 
s oc MIN. oc MIN. 

CONTINUOUS . 
PROCESS +7 230 180 AIR 1000 120 ARGON 

ltlSCONT. +6 220 220 FORCEO 1000 I 120 ARGON PROCESS. · AIR 
' 

CARBON FIBERS PROPERTIES 

T.S. MODULUS . 

' 

200xlo3 PS1 2011101 PS1 
1,38 GP1 · 138 GP1 

345x103 PS1 2b101PS1 
2,30 GP1 180 GPv . 

.. 
OI 

I 
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r.ARJm TFW. IENSl'IY OOSS AREA TENSILE S'J'RE!GH TENSILE MlllJU15 
oC gJcal lo-5 ..Z. (<h) (Q>a) 

1.80 37.3 
+ 180 ! Z7 

1000 1.7 - o.5 

1.76 36.9 
+ . 190 ! 22 1100 2.1 -.o.6 

37,l 
+ 180.! 23 

1200 1,76 2.2 - o.5 

1300 1.75 36.3 
+ 200 !: 25 2.6 - 0.1 

1,75 35.4 
+ 212 !: 31 1400 2.7 - 0.6 

1500 1.75 34,8 
+ 215 :! 29 2.1 - 0,6 

35.3 
+ + 4 

1600 l. 77 1.6 - o.4 215 - 2.> 

1800 35.5 
+ 216 !: 23 1.77 1,6 - o.s 

2000 34.5 
+ 245 !: 29 1.79 1.5 - 0.4 

2250 34.8 
+ 222 :! 36 1,81 1.8 - 0.4 

2500 1.86 33,5 
+ 279 :! 36 1.9 - 0,5 

,, 
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TABlE 14 -

CARllW 'JBP. SIRETOI res qr ~~ TENSILE STRe«ilH TENSILE N>IXIUJS 
oC \ gJar (QJa) (Gta) 

1000 0 1.80 38.4 + 
2.1 - 0.4 176 ! 30 

1000 5 1.78 35.4 + 2.2 - 0.4 199 ! 35 
1000 10 1.77 35.1 + 

2.s - o.3 203 ! 19 
1000 15 1.78 32.9 + 

z.s - 0.4 210 ! 25 
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t:rnH 1 NttOUS PROCESS 

f.I Ofitil\ 
l'Rl ·ST .. .. - ··-· -·-

•6 

THIN 
RCTCll 

TEMPERATURE 
PRE-STHETCH oc -

190 

Tl\l\IE 1'1T\- ~!_ST RESULTS OF 1982 (COURTAULDS SAF PAN) 

PRE-OX ID. OXIOl\TJON RES. TIME RES.TIME ATM. TEMP. 
TEMP. TEMP. PRl::-OXID. OXID. CARO. oc oc MIN. MIN. * oc 

220 230 60 120 AIR 1100 

RES.TIME ATM. T.S. MODULUS 
CARB. CARB. 

MIN • . 

120 ARGON 275x103 PS1 21xl06 PSi 
1,90 GP1 145 GP1 

* StlRINICAGE • (8·9)1 

TABLE 148 - BEST ru!:SUL'l'S OF 1982 (CDURl'Autm SAP PAN} 

DISCONTIHUOUS PROCESS -------
Cl ONGI\ TI ON TH1PERATURE RES.TIME ATMOSPHERE TEMPERATURE RES.TIME ATMOSPHERE T.S, MODULUS 

OXIO. OlCt D, OXJD. CARB. CARB. 
! Oc MIN. * oc MIN. ' 

+6 220 200 FORCED 1100 120 ARr.ON 350x1 o3 Psi 2,ex106 PSi 
AIR 240 GPa 193 GP1 

11 SHRINKAGE • (8·9)1 

VI w 
I 



Tl\81.E 15 - E£oi.:'OC"r OF AIR FLUX ~ TllE PHYSICAL PR:PERTIES OF CMDCN FJDF.AS 
-· ---· -- - wrnr.nrr AIR FLUX 
-· 
St t-ct..:hin• 

l90°C 230°c 265°C l000°C 1000°C 1000°c l000°C 1000°C 

lt1ti\l l~nsl ty Wcight/m l\!nsi ty l\loight/m Oonsity Weight/m Density Weight/m Cross Area Tensile Tensile 
(t) • (g/cml) c~m2 ) 

Strength ~dulus 
(g/cinl) (n1g) (g/cinl) Cninl (g/cm-') (mg) (ma) (Cl'n) (Cl'n) 

i--

-s l, 21 779 l.lS 806 l ,~3 795 1. 77 451 42,5 • 199 ! 32 2,4-0,7 

l. 2) 711 1.35 7•19 1,43 755 1, 77 422 39 '7 
+ • 0 2,0-0,6 •204 - 28 

~ 

• s J,21 690 1,35 6!.18 l ,43 725 1, 77 404 38,0 + Z,2-0,7 214 ! 52 
- -

•I ti ) '21 668 1,35 693 l,43 707 1, 77 400 37,7 z,9!0,4 220: 30 
-··--- wrm flLlJX OF 35L Alk/MJN. 
·-··-·-· -s l, 21 76S l,:n 816 1,46 793 1,75 450 42,8 • 2,1-0,4 166 ! 16 

ll l • 21 740 1,30 758 1,46 780 1,75 438 41,7 • 1,8-0,S 156 ! 25 

•S ) • 21 714 1,30 714 1,46 727 1,75 413 39,3 • 2,0-0,6 188 ! ZS 
• Ill l. 21 673 1,30 674 1,46 693 1,75 405 38,6 2,1!0,s 197 ! 19 
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3.2- Ac"'"..ivi.ties in 1963 

In view of the so-far gained ex?enence, a fe.1 llDdi.ficatiCllS were 

effected in the desi~ of the existing lab. IDdel processing ~pent. 

fbr' easy handling and teaperatme ocntrol, the existing stabilizatior· 

fu· nace was cut into ti«>. UWX> 5qlpl.ied triCJS were introdnced in 

between the fmnaoes for easy cx:ntrolling of the llDW!lllellt of the filer 

during prooessi1l9. 'ibe llDdi.fied versiCllS are shDm in Fi.t;. 7 md 7A which 

also include the winding equipsent s-wlied by umx>. 

lt!arMU.le cm,.IPMR has built a na1 building for the alrlxn fiber Sit>q>, 

the oxidation and cadxnization processing equi!Jlellt was assa:bled in 

line for the ocntinuous processing in the new building. 

In view of the several of the experiJIEnts CXJnducted by the 9XUl9 ~d 

due to availability of useful results, I insplled the gmq> to pll!SE!f1i. 

the .results in the Aneri.can Carl:Jon Society in 1983 in San Diec}). ~ 

~ and Jl¥Self identified the sli>ject and DD.re vigorous studies were 

a:nducted on these lines. Also the elCpert ih.ftleller was very lllCh 

helpful in this venture. Prof. Fitzer had also enmuraged the gmtp. 

'lhi.s is for the first tine the cm/PHR Carbon Fiber Groi;> presenting 

results in an outside Cm!erenoe. In vie.1 of these effects, a paper 

was presented. nie results were a;:preciated by the participants 

in the Cmferenoe. 

3. 3- A.."'ti.\'i. ties i.YJ 1984 

i - Studies in Heat 'J'reat:Jlent 

As per the advice of the e>epert Dr Kalnin, e>eperinents were CUlducted 

by mXlifying the processing ccndi tions. The main aspect o! t.')ese 

studies were JIDdified s~ilizatim tem::>eratures. Stabilizatim studies . ~ ... --

were oonducted at three stabilizatim te:iperatures, ie, 22!r230°c, 

2so-210°c and 270-300°c. Fran these studies it was cbse.rvec! that closer 

the indiVidual furnaces, better properties were obtained. nsc a;>eri.-:e."'lts 

wee ccndu..~ at every stage of heat treat:T.lent. &r.e of the resclts 

usin<J three sta!:>ilizatim eJl??:ir.e:>ts are presented in Ta!:>le 16 and 

Fi qures 8 and 9. 

1:'1 orde.r to ~'?lore the ad:! tier.al oxidant.£, stu5ies "''ere conduc:':ed 
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TADLI 11 • RESULTS OP CAIUIONIZATION USING l STAGES STADlLlZATla. 

. 
STF.P 1 ST!P u STEP IU STIP IV 

I TOCETHBR S!PAR!T!D 

~·rature 0c zoo.._ zoo, 2COc 230A 2308 2aoc 265A zao1 300c l•lOOA 1.100, 1.lOOc 1.lOOA 1.1009 1.1ooc 
. 

Linear density 676 676 723 701 701 732 711 704 697 312 351 350 371 344 356 (Ill/Ill 

Vol~ density 1,22 1,22 1,36 1,31 1,31 1,46 1,45 1,41 l,Sl 1,14 1,72 1,72 1,72 1,70 1,76 • 
(a/Cll ) 

s: Test . 
217 217 245 255 255 310 • • • - • . - . . 

(oC) . 
~ 

ta C°C) 301 301 321 343 3-13 350 • • • - - . - - . 
Ah (°C) 2,79 2, 79 0,76~ 0,55C 0,55C 0, 21( • • • - - - . . . 
YOW\l'S mdul\11 . 
(GPa) 10,6 10,6 7,2 1,34 1,34 6,47 9,32 ~.12 9,05 220 

0

197 192 214 114 117 . . . 
Tensile strentth 
(Qla) 0,51 o,51 0,31 0,35 0,35 O,Zl 0,24 0,22 0,21 2,51 • Z,47 Z,39 Z,30 . Z,ZZ 1,31 

• U..,lei,a .. 

A I c A I c A I c A I I A I c 

I'!! I I I I I I·' I 
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using~ as the oxidants. It was obsened that M>2 stabilization 

did not iJlpmve the physical pxtprties. 1bese .results were presented 
in Ctxhon 84 a:nfeEenoe in . Fr.Ince 
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ii - ktivities in Olddhed Polyac:rylcnittile (PAN-Ox) 

PMf-Olt is a good smstitut2 fir Asbestos. It is a heat resistant •terial 

ma has several of inmstrial llPllcatiens. SCllle of the ocnpanies which 

participated in the Qnferenoe •t cm we%e interested to use oxidized 

polyacr.ylmitrile fiber as thd•lly zesistant •terials. A CXllpln¥ 

ASllfltIT has tested CD PAN-Ox .mted.al md we::e pleased to infom us 

that it can be used and they have a c1ellad of 60 t:m per year. 'lhe 

physical pxq>ert.ies of this PAN-Ox am given in Table 17. As per the 

Dl)Ullaaent of the ASBERlT CDlpilllY about 3.0 Xg of the processed 

PAN-OK fiber wem sent for testing at ~ O>. 

DBtE 17 - Pll!SIQL PJCPERi"llS CF cm 
oxm:u.m FIBm 

F.iber 'JR : ttA PAN OX-1 

'D!nsile strength : 0.175 GPa 

Jtx1ulus 

Density 

Denier 

Elalgaticn 

N9 of filanents 

: 6.577 <Pa 
3 : 1.498 g/an 

: 1.0888 

: 101 

: 18000 

Tenacity : 1.3 ~denier 

1.29 ~dtex 

Breaking strength : 1. 57 91 

Fil.anent dtex : 1. 2088 

Heating tenp.final: 'J00°c, (first 230) 

: 120 minutes 

4.0 - Develocnental Activities in SUrfaoe Treatnent 

SUrfaoe treatment of caibal fibers is very illportant to fom g:>Od 

cxr.posite with resin. 'lbe bonding of resin to the fiber de-;>erK1s mainly 

cn the~ prea.ent on the surface of the caiticn fibers. Poor tmdinq 

results, poor pxq:>erties in final CXJ1P05ites. 'Jhe surface t.reat:J:ent 

to cartal fiber is done by different nethods. For exar.ple, electrolytic 

oxidation, acid treatnent alkali electrolysis, thennaJ oXidatim, etc. 

In our gmq> we have initiated surface treatment by electrolytic 

precess • 
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4.1 - ~ •. i'\'i ties in 1982 

At the tiJle of ~ arrival, a few e>eperinents were already CXJnduct.ed 

using nitric acid for th£, surface treatment of the carton fiben;. 

Due to nm availability of mifm:mly processed c::arlx:n fiber, the 

develqnental. activities were postpcued. R:Jwever, attenpts were made 

to aDJUlle the materials and persmnel for this devel.q:m!nt • 

4. 2 - Activities in 1983 

With the fomati.cn of a gxoq> in surface treatment, the activities 

:restarted. Anodic oxidation equi.pent was assenbled by the cm ~ 
in view of the infomiltion and assistaDce given by omX> experts, a 

f&1 surface treatment expe.rinents wme anh.'Cted using crA processed 

carbon fibers. A 20\ suzphuric acid was med as the electrolyte. About 

125 net.en; of the fiber was surface treated. Ulidirectiona~ oarp:>sites 

were made using epoxy resin IER 383 (nw) and curing agent IEI 50 (lbr 

'lbese a:Jlposites wme tested. In the sli>sEquent experinelts, the graphite 

electrode used earlier was replaced. Mxli.fications were made using 

glassy carlJon tme made out of polyperfural alcmol resin in cm. Also 

s\bsequenUy several other llDClifications were made in the electrolytic 

cell. Also the experir.ental oondi.ticns such as currant density, 

electrolyte were changed and several of the ellperinelts were ro."ld-Jcted. 

MearWU.le, it is felt that we should qet mtreated carlx:n fibers fran a 

cx:r.nerclal fim and surface treat the:t in ordP_r to st.ardardize the 

surface treatment worlt. In view of our latest CUltacts with RK Textiles 

UY., sa.'iple of the mtreated carboo fiber was cbtained and surf~oe 

treated With .iJlpmved paraneters. 1he Tables 18, 19, 20, 21 a.'ld 22 

sJDI sare of the results of surface treat:nent. 
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• 

- SIM'IB • - TIP£ OF FIBERS 

l PMR 428 

2 PMR 429 

3 PMR 432 

4 SIGRl\FJL 

5 BK 

SNl'IE ~ SlR'l\CE TAFATFJ> SURFKE 'TIE\'IED 

91oul 91anl 

l 1,75 1,78 

2 1,75 1,76 

3 1,75 1,79 

4 . ·l,78 

5 1,74 1,74 
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SIH>LE TJEmtel1' "l'!NSIU: 
S'mENGl'll 

(a>a) 

1 N'l' 2,4 

T 2,19 

2 N'l' 2,4 

T 3,1 

l N'l' 2,7 

T 2,56 

4 T 2,34 

5 N'l' 3,25 

T 2,20 

NI' = Non-surface treated 

T = Surface treated 

KDJILS 

E (Q>a) 

190 
-
171 

190 
186 

190 

188 

196 

222 

212 

TABIE 21 - P!O>ERl'IES OF ~ E'IBERS/EPOXY RESJN 
CJ:MlQSITE.S (\lOUl-IE FRACrIOO: ARXm 60\) 

SAMPLE TRFA1MEYl' FLEXL'PAL S'l'RENGnl K>OOLlS 
FS (MPa) E CG?a> 

1 NT 1121 70 

T 988 80,5 

2 T 973 79,5 

l NT 1614 117,5 

T 1100 81,2 

4 - 1520 123,7 -
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Table 22 - INIERLAMINAR SHF.AR STRENG1H - II.SS 

SAK>LE AND TREA'JlENT II.$ (M'a) 

2T 45.3 

3T 42.0 

4 T 54.1 
S NT 41.1 
5 T (step I) 4'',8 

S T (step 2) 46.3 
S T (step 3) 40.6 
S T (step 4) so.s 

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

i - Pilot Plant Surface 'heat:nent !'P@?tus 

Ew!nthol9i currantly batdl s~e surface tieablent worlt u go~ en in 

o.rder to fix the surface treat:nent paraneters, tile final Clbjective is 

to introduce a surface treatnent equ:ipient in line with the carbcnizatic 

processing B:JUipnent. SUch as equi.prent should be able b:- process 6 K . 

txw at the rate of l to 30 Jq/h. Aft.er a detail analysis ~ oell was 
designed. cmtacts were also made with local o::upanies for the cx:nttruc

ticn of this cell. 'lhis cell after caipletim will lcdc like figure 10. 

ii - Sizing 

An eguipsent has been fabricated for the sizing of the surface treated 

caibai f:ibezs._ 'lhis will also go on line in the total cadxni.zaticn 

equi.pselt. A f&1 batch scale experiments were al.ready perfonled for 

sizing using 2t epoxy :resin IER 757 (Inl) dissolved in acetone. 
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.. 

ENCI~OSURE 2 

• 



- 70 -

Drive shafts. meels. brahs. rear axel housing. gears. rear axel 
tnnsllission housinl. for masis ... suspension such as leaf ... coil 

sprin&. frames torsion bats. ...,er and lower ams.. for the engine 

connection rods. p15h rods. pmp housing. cover plates in take unffold 

cylinller block. fiy "tiheels and for the body sheet md structure. panels. 

pillars. stressed skin design. etc. ~ight reduction in aut(mJtive 

incllstries will save fuel COllSUlption. In case of substituing steel up 

to SO\. in case of a~tllima 40\, in USA. a total g_asoline savings of 

7 billion gallons is forecasted for 1990. 

Carbon fibers also find application in ~tic instnments. such as loud 

~rs md in msical instl\a!llts. I.cud speake-rs with Cfl.P cone are 

available in Japanese •net. Violins and guitars built bu using CF f!!'OX1 

sowd board. are found to be ~rior over conventional ones. 

fUrther applications ate portable bridges. "'1ich could be used in case of 

devastation by floods. stoJ11S, etc •• wind channels, vindllills and air 

CCJlll>ressor, in transportiltion and as substitute for asbestos, bicycle 

fraEs, ski poles. down hill skis. encbrance car. econaay cars. etc. 

Activated carbon fibers are also finding applications in filters, 

substituing the powdered or gram.11.ated activated carbon. 

CTA EXPaUecF.S IN CARBlN FIBERS 

Centro Tecnko Aeroespacial (CfA) started the developmental activities in 

carbon fibers in 1976 on laboratory scale with the objectives of developing 

self-reliance in this fast developing and industrially potential technology. 

After a period of 4 years, er~ achieved the folloWing : 

Evaluated the locally available precursor fibers. 

Developed a continuous process to oxidize and carbonize the precursor 

fibers. 

Designed and produced critical parts of the furnaces. 

Developed carbon fiters with reasonable properties though not equal to 

those of ~rted. 
01aracterbed precursor fibc rs and carbm fibers. 

AbQve all, created a nucleus for the development of this technoloSY. 
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1bere was a necessity of a cmprehensbe progna. tllich sOuld include 

lblifying procecbes for stabilization and carbonization. 

PUrchasing new equii-ot for heat treatment md precursor spinning. 

kqlliring expertise to guide the gnq». 

Tnining the comterpart scientists in this technology elsewhere in ~ 
wrld. 

Exchanging views with the experts in this field. 

Redesigning the existing furnaces. 

Training the counterparts in the characterization of the fibers. 

Hence. a project in ''WTDUZATl<Jf RI> IEVEUJAENI' OF r.ARlllH FIBER.S 

TEOIUDGY"" was drafted and was approved and signed by CTA/llillX>/lltfSSTD 
m 11/0S/ll with a cllration of 3 years. The min objectives of tais 

p~ject wre: 

To create a scientific nucleus to pnKllce fiber precursors. carbon fibers. 
CfRP cmposites and to develop the technologies inwlved. 

To optiaize the ccntiwous process of carbon fiber making •d to extend 

to the pilot plant scale. 

To generate infollliltion to produce precursor fiber and to transfer it to 

production line. 

To cmplete the aini- infra-structure required for the projetc. 

Special consideratfons : To cooperate in exchanging views in this field 
liberally with others developing countries. 

The proposed outputs for the project wre as follows : 

AA. i D teaa capable of understanding. absorbing and adapting this tech

nology used in other coootries and to further illlpreve this tecmology. 
and to concllct R i D work in similar other aTeas. 

Technology to produce carl>cln fibers. using national raw materials and the 

tr .. sfer ".f this technology to Brazilian industry. 
Tec:Jwiiques and scientific capabilities to test the raw .aterials as well 

as final products. 

Infra-stJUCture facilities for PAN spinning. carbon fibers surface 

treatJICnt, surfaces for carbonbation, cquipaent to c:haracteriz.e fibers, 

IJl'A. X-ray, mcroscq>e, etc. 

After a period of 2 1/Z years. llOSt of the outputs were achieved as 
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discussed in the Tripanite meting of this pl6ject held m zad Dec 1913. 

A ~ of the Khiewments are ciutlined below: 

Jn riev of the excellent experts a consulted the project frm the start 

of project till ..... a an4al 1111111tb in a stady thinking a clewel~t 

in a ' D aspects of this tedmoloa ws achieved. 

At the start of the project. the CIA tnqt ws usin& aae step mddatiait 

..a aae step carbonization (Figure 1). 1he best results of carbon fiber 

processing using such a systea are presented in table l. lblewer. the 

fibers used wre PJOr trade textile fiber of FISIM - FllMS SINl'£n~ 

8' ILWA S/A. 

As the tednical cmpetence _of the counterpart scientists vas illproring 

in riev of their study tours to autside trawl and aintimed advises of 

the 0000 experts. the Figure 1 ws further modified. 1he modified wrsic 

is represented in Figme 2 wth bas t1D steps oxidation processing. This 

modified wrsion ws further modified into l steps oxidation (including 

pre-stretch. pre-oximtion nl oxidation steps) (Figure 3). 

Also Figure 3 repnsents additional modifications in carbonization stage 

Hitherto one step carbonization was used. but the tmperatme vas only 

noo°c. In cmter to get carbon fibers with ci; ercially cmparable high 
strength fibers as temperature of 1400°C is advised. Hence. attellpts are 

being mde to use blD stage carbonization. ie 90d'c and 1cocfc. 
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BHCLOSURE 3 
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1Cl'IVITIES <XHXx:TfD IN 1985 

'Ibis section describes, in detail, the activities oorducted in the 11h:>le Project, 

in 85. 

Project Item iii.a 

R>lymerization experiJEnts tem anJuct.ed umer the followiD} ~liinJ 

cxnlitions: 

pH, naDE.rS oonoentration and quantit.y, dilution in aqueous media, t:d'terature, 

reaction tine, stirrinJ velocity and mmaer atiitioo vekx:it.y. 

'lbe first tentatives wer~ perfODDE!d in a reactor with the capacity of l 1. 

Fmther experi.nents were oorducted in i:eactx>r with the capacity of 10 1. 

Aedox syst.tn: Aloonium pexsulfate an:l llOlli\lll bissulfite. 

M:>roaers: Ac1ylonitrile, Methyl acrylate and Itaconic acid. 

A view of the polymerization latx:ratoiy is shownon Plc>to 1. 
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Photo 1. VIDf <F THE PCLYMERIZATI~ LAOORA'1URY 



• 
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SCllft noiifications 1i1ere inserted in the process, to~ the deviations 

of 111qerties averarje values, and a better oontmle upon the filalllents • 

'ftie dispersion preparatioo was also i.npoVed, with an accurate control of 

visr• lfii ty. 

Belt,., results, however, nust be achieved. 

Phot1.1t• 2, 3 ani 4 show aspects of this work • 

PhotO 2. DISPERSI~ MIXER 
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The folkMing opperatioo were a:nlJctecl : 

a. <iltention of carbon fibres, delivered to the ama>rH>ICl\L DEPARIMmT of 

the IB>IC'AL salXL - llllCAMP. 

b. <»>tenticn of carbon fibres to be used as rcinforcenent in carbon-carbon 

Oqosites. 

c. CJ>tent.ion of carbon fibres for surface treatment experiments. 

d. Cbtention of PAN-OX (oxidized fibres) to be used in the ~ation of 

the pilot-plant IUfS1'RAT carbarl.zation furnace. 

e. PAN oxidatioo am carbonization using hydrogen peroxide as oxidizin:J 

agent. In detemined oonlitions, the characteristics of the fibres were 

inprtMld. 'l'hese results will be presented in the CARIDI INl'EIRa'IOOAL 

cnftmX:E - 1986. 

Photo 5 shows a view of the lab scale line. 
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• 

POOto 3. PNEDV\TIC FILTER 

Photo 4. I.J\8')RAT0RY UNIT FOR SPOOOO 
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:.;.a~ :a• .ii. 11· 

-~ 

Photo 5. IABORA'IDRY SCAIE LINE, roR CAROCt<i FIBRES CSTENl'ICN. 



• 
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PIIDI'-PLANl' 

THE ~"l'A CIARA STABILIZATIOO OVFN 

'1he CC11tm1:Y ~ TE>rl'EIS SANrA CLARA lll.'m, S. Paulo, c:orclOOed·a 

stabilizaticn three zones or:en, for oontiruws oxidation of PAN. '!'his oven 

is able to opperate 80 (eighty) 6K tows sinultaneausly. 

OlriD} the testiD} procmnres this oven has shown a gre.at heat lost thrwgh 

the external structure. 

Efforts has been done by SA."fl'A a.ARA ard the Project staff, to solve this 

problem: with the introducticn of sane m:xlifications. 

POOto 6 shows the aspect of t.'lis equipnent . 
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Photo 6. FIOlr VIE>f CF SAN1'A CIARA STABILIZATIOO CNfN. 
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Two experiments wexe perf011led, as follows : 

a. au:bonimtion of tCMS axiiezed in the laboratmy scale line. 

b. Olrbcnization of PAN-OX heavy tow, fran SIGRI ~ <Mii. 

'lbe experiments, ha.lever, were stcJRled, clJe to the occurrence of problam 

with the furnace (see the next item). 

P.rd>lens and resolutions : 

Since the q:peration was started, a strong ani quick Olt:idati_on of heatin;J 

elements and overheat.in} of the seoom transformer were detected. 

DlriD:j his S'lU>Y-'lQJR, ~ JOO REMA'ro has di.scuSf.B) such tzoubles with the 

experts, at Karlsruhe University. A visit to SIGRI ~ CH!H, 

MeitiP}ell, Gemeny, was also arranged for the discussion . 
of the3e prcblems with the furnace blil.ders. 

On Sept 26, 19'15, a meetin;J 3t SIGRI ELEKTR:lGRAPHIT <Jal was carried out, 

with the foll.awing persons : 

Mr. Y~, Mr. GR>SS, Dr. 10ER (SIGRI), Mr. H1UmWfi (RJHS'l'RAT) an:l 

Mr. HEINE (University of :Karlsruhe) • 

D.Jring this meeting, a schedule for the furnace maintenance was decided, 

to be coJX1ucted by the Project staff as follows : 

rumaoe body : 

a. ~ the top, taking oot all graphite wool (theDnal insulators) caref'illly, 

looking ~or corrosion inside. 
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b. IDOk for a1PJ 001.e in the ooolir¥j boxes. 

c. Qlll!Ck all ccnnectioos al<nJ the water oooliDJ system, 1.ookiDJ for a1PJ 

leakage, throlgh a slight air pressure in the vat.& oooliBJ line. 

d. After these ~ures, clean the furnace inside carefully. 

e. 1llen assent>led again, use mly original heating elenents fzan SIGRI. 

f. Start the heati!¥J sl<Mly, with nitrogen, up to 200°c and keep it he.."\tai. 

RtJMRK : SIGRI has already delivered the new heath'} elenents. 
I 

Transfonaer : 

a. '1he internal tEqlerature is 120°c. 

b. Measure the tmperature on the secxniray outplt wires, It DIJSt not te 

CNer ioo0c. 

c. Qleck the diodes and thyristor. 

d. Contact aJIODIEIM, in Brazil, if necessary. 

a. SIGR.I will sem a cxnplete INSTRJCrIOO M1\RJAL of the RJHSTRAT furnace. 

b. SIGR.I will sen. also, a quotatimfor the furnace maintenance, int the 

worst case. 

tOrE.: 'lbis quotation was not requestea yet. 
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kcordi.r¥j to the rec:> "etdaticns given during the meeti.ICJ at SIGRI • the 

Carbon Fibre staff has perfomed the furnace maintenance. 

'lbe foll.owi.J¥J parts were fourd with danege : 

• ~ syi:ilons with holes (photo 7) 

• Broken ceramic tubes (photo 8) 

• Grapute wool insulators with severe oxidation (photo 9) 

letters were sent to mmo office CBrasilia) and to SIGRI (Gemany) 

requesting these spare parts , for replacement. (UNIOO refused 

to order the parts) because of bdget reasons. 

However, as the spare parts were net r££eived yet, the maintenance was 

carpleted with materials availabl~ at PMR-IPl>-CI'A. 

'!be follow.in:] p1lotos shows aspects of the furnace, wrler maintenaoce work. 
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Photo 7. SYPKm V6-643 WITH R>IES 

Photo 8. 8R:>KEN CERAMIC '1UBES 
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• 

, 
' 

Pb:>to 9. D£1'AIL CF A GRAPHITE KD, PART, SRJWn«; SE.VERE~. 



- 90 -

A brazilian ocnpmy was a>ntacted, far suwlyir¥J the wird-up system, for 

20 (twenty} bOObins. 

Laboratory SCale 

A new lab scale surface treatment was PBde, to inprove the experimental 

caditions. A~ cell (photo 10) am a washiBJ tank with stirrer (photo 11) 

were constructed, able to opperate at higher velocity (30 m/h) • The wtx>le 

unit is shcMn on pioto 12. 

Photo 10. THE NEW LAAORA'lt>RY ElS:'l')OLmfIC CELL, FOR NWE OXIDATIOO. 
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.. 

PhotO 11 • THE Wl'SHING TANK WITH STIRRER 
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• 

Photo 12 • GENERAL VID'ICF THE SURFACE TRFA'1"1ENI' I.ABJRA'IDRY • 

. •' 
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9Jrface treatments in lab scale line (ptDto 12 ) has been performed, in the 

cxnlitions as follows : 

Carbon fibres PMR 18K 

lll'1'fX> Ml\T. DIV. JK 

Metlxld Aoodic oxidation 

Electrolyte water soluticn of (NH,.) 2 so,. , 8,0\ 

velocity 30 nv'h 

Residence time : 2 min. 

c:.\lrrent density O,Ol7S Jri\/an
2 

: water, at roan tenperature 

Drying :rurnace at 200°c 
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A new dispensiBJ derice for untreated carbon fibre- was made, to replace the 

existing c."De, allowiBJ a oontinnJs ard SRDOth displacement of the carbon . 

bcti>in <ED>to 13 I • 

Helpful discussions were oon3ucted with Dr. J. HMVEY (RJyal Aircraft .. ' 
F.Btablislnent-Englald) and Mr. H. JAGER (University of Karlsrdle-Gemlny) 

ocnceming the surface tmatmentof ca1'bcn fibres, during F.111J ~ ma'lt>'s 

• These discussions brought a great benefit t.o the 

developnent of th:;.s task. 



• 
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'lbe pilot-plant surface treatment is caapletcd. "lhis system consists of the 

f ollowin) equipaent : 

a. Electrolythic cell, able to opperate in the veloci~ {nm 111\/h, up to 

60 11\/h. 80 (eighty) carbon fimes tows JDa¥ be treated in such all 

(photo 14). 

I 

Photo 14. THE PIIDl'-PIMl' SURFICE 'l'RFA'Dell' CEU ... 
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b. Pm-Washing tank (pioto 15) • 

Photc 15 • PRE-tiA.5HDG 'IWIC. · 
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c. NaShi.BJ tam with stirrers (pmto 16) • 

• 

I 
Photo 16 • ~ TANK WITH STI~ 



.. 
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'1'he vessels a. b ard c were made with ~ plates 16nm tide. all machined 

at IMt-IPD workstq>. "lbe solderi.DJ of PflVt pieces was nede by IMAKE-:nGJSl'RIA 

E CD£1CIO IE PRJX1la> P1A5Tl<X6 L'1M - sio Paul:>. 

d. Dcyil'WJ Ouen 

'lhe ckyer oven Uses 20 (twenty) PHILIPS infrared l.anps (250W each one) 

as heatin) smrce. Sardwich structure (polyurethane foam ard fiber~lass 

i::eenforced polyester) was use:1 in main body (phlto 17) • 

Photo 17 ' • ORYitl; Olm 



• 
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e. Sizi":J Tarit 

A fiberglass Iei.nforced polyester vessel was milt for this p.irpose 

(pOOto 18) • 

-
Photo 18. SIZING TMK • 
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f: Final Dryer 

'I.bis last unit, basically similar to the dryer oven, enploys 5 (five) 

infra-rm lanps 12SOW) (ph:>to 19). Its furction is to eleminate the 

sizinj solvent. 

Photo 19 • ~ DRYER 

'!'he equipnents mder items d, e ard f were made by PMR's ~ite 

Materials staff. 
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"1be evaluation of surface treabllent, up to date, has been carried wt throlCJh 
the interl.aminar shear strength (U.SS) detenni.nation, in carbon fibres 

:reinforced epoxy « X i•\OSites. 

"1be f ollowinq epoxy systems has been used : 

Dow DER 331/IEI 12 

DER 331/lEI 14 

DER 331/tEI SO 

.. 

DlriBJ his stu:ly-tOJr, Q1g Jo1D RmA'lO C31ld discuss ~ procalures with 

the experts, in detail. New resin systems, accordiDJ to the expert's qui.dance, 

are bein;J used. 'lbe systems wrJer experiments are : 

CIBA GEIGY Ml 720/lDI 

Ml 720/00S 

PhOtO 21. PRF.Pm MAt«JFNJ1URE 

• 
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'!bis section discribes the results obtainedin 1985 • 

'1be tables be1.al shrw the results of a polymerization experiment. 

Synthesis No 58 

IV:rylcnitril.e 

Methyl acrylate 

: 95\ 

: 3\ 

Itacmic acid 2\ 

capacity of the reactor : U 

EFFWX TIME 
. VISCX>Sl'l'Y 

c\ No Ns Nr Nsp 

0,2 11,0 15,6 1,418 0,418 

0,3 11,0 16,6 1,509 0,509 

0,4 11,0 17,5 1,609 O,G09 

0,5 11,0 19,5 1,772 0,772 

0,6 11,0 26,2 2,381 1,381 

M.wo. 56.599,614 

e concentration 

Nsp/c 

0,209 

0,169 

0,127 

0,154 

0,230 

No . efflux time of the solvent . 
Ns efflux time of the solution 

Nr relative visoosity 

Nsp specific VillC09ity 

Nsp/c : reduced viacmity 
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• 

mBBft'AL 
MM.YSIS 

DOC 

ID'l'DG Pf:N< ........ 
Cl st RA'l'E '!!Ml. <DmElATI~ N J 

68,87 0,545 8,7 547,50 

13,6 558,00 99,38\ 1,0170 1,210 
19,6 567,00 

24,0 570,00 

Cl : carlxJn content 

5' : suI.Pnir .conterat 

N : rea.:.tioo o:-der 

! : density 

• 



SPINNING EXPERIMENTAL RESULTS 

POL'll:MER 
TENSILE 
STRENG'm l«XXJWS EU:HiATI~ TENACITY DENSI'IY 

(GPa) (GPa) ' (q/den) (9/an3) 

FIS IBA 0,25-0,30 7,5 -8,25 3,0 -3,9 2,41-2,73 1,15-1,17 
.. ' 

PMR/C'l'A 0,17-0,18 4,31:-4,86 3,44-4,28 1,58-1,77 1,17-1, 19 . 
CXXJRI'AllIDS 0,70 9,93 7,19 6,70 1,19 

'I\, 

f • 

VISCDSI'l'Y 

(C.'P) 

15.500-17.250 

1075-17.000 

-

FI1»1ENI' 
DIAMm'ER 

(\,IJn) 

9,85 -17,20 

11,00-20,07 

ll, 72 

-C) 

"" I 
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HEAT TREATMENT 

LABORATORY SCALE LINE 

CARBON FIBRES PROPERTIES 

OPPERA'l'ION a b c 

K 6 36 6 

TENSILE 
STRENGTH 2,8 

(GPa) 
3,0 3,0 

MODULUS 210 210 210 
(GPa) 

DENSI~Y 1,76 1,77 1,77 
(q/cm } 

FILMENT . 
DIAMETER 7 - 8 7 - 8 1 - 8 

(µm} 

K = No of filaments per tow x 1000 
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PROPERTIES OF PAN-OX 

K 108 

DENSITY 1,39 
(CJ/cal) 

THE RUHSTRAT CARBONIZATION FURNACE 

PROPERTIES OF CARBON FIBRES 

PAN PAN 

OPPER'-TION FROM FROM 
PMR/CTA SIGRI 

K 108 320 

TENSILE 
STRENGTH 3,0 3,0 

(GPa) 

MODULUS 210 210 
(GPa) 

DENSITY 
(9/cml) 

1,77 1,76 

PI LAMENT 
DIAMETER 7 - 8 7 - 8 

(µm) 
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SURFACE TREATMENT 

ttJe fo1.l.oAng table &tDIS a nsul.t of nss. in a lad.nate mmfactumd vi.th 

the nsln systal ID ll).Jllll an:1 cadJon fillns ftaa H1'l'ED ~ DIVISDt 

(lK). '1bese fibr:es mre tnatal in the lab. scale unit. unler anlitims 

mntiolled in this 1epmt. 

W'HB ~ 
nss ... l fflJf/rW-

1 1,54 7.62 

2 1,60 1.16 

3 1.44 6.32 

4 1,51 9,Sl 

5 1,50 7,68 . 
6 1,48 9,13 

7 1,44 8,25 

8 1,54 7,54 . 
..• 

9 1,55 7,76 

10 1,65 8,11 

• 

• 
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Photos 2c. 25 an1 26 star SCm! aspects of the fumalce. mrinJ llilintenance • 

Ri9't IOI this job is CICllPletal• 'ftstinl) p:'OC8\m5 aJ:e being imitiated • 

• Photo 24. INSIDE vmf CR THE IUfS'l'RAT f'UIRC2. IU PARl'S MP.RE 

IDD'1'IFIED, 10 BE PLACED AT 'DIE SME Pa;l'l'IClf. 
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'Photo 25. PARl'IAL VIBf CP TIE flHiPCE JOmlol. 

Photo 26. THE SYPlms WITH DF.l"EC1'S (Pflm) 21) WERE AEPUaD BY 

RJBBFJt AVAIIABIE AT PMR. 
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CONCLUSIONS 

In December 1985 the project status was : 

A trained team with c.pacity of technical scientific self 
decisions, able to ~sorb and adapt the technology 
used in other coua~ries to pcocloca general purpose high 
tensile strength carbon fibers, to conduct R & D work 
related to other siailar aab!rials as high performance 
carbon fiber, front the laboratory scale to the industrial 
scale. 

Necessary improyMef\\S in the polymerization team will 

take place within CTA-COPENE cooperation work by bringing 
some more people from COPENE and a cooperation agreement 
with the Macromoleculas Institute in Rio de Janeiro. 

ii. Achieved the technology for producing '}eneral purpose 
high strength carbon fiber of the appropriate quality from 
imported precursor. This technology is ready to be 

transferredto the ind\1Strial partner COPENE. The remaining 
problems existing in polymerization and sppining will be 
solved within the CTA-COPENE cooperation programme as above 
mentioned stabilization, carbonization process have to be . 
optimized for all new precursor types. 

Knowledge an:! techniques to characterize the raw materials 
as well as the final products for the,production of the 
precursor and carbon fiber has already achieved in 1983 

#A-
and is being widelly used by the team and even transferred 
to industries with similar problems. 

iii. During the 4 years long research I development on c-fibre 
fabrication, it turned out that type and quality of the 
PAN precursor fibre are most important parameters to 

achieve high performance c-f ibre qualities comprehensive 
knowledge on polymerization was elaborated in as new 
polymerization laboratory. Experience in spinning was 

.. 

I • 

• 
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~qut•·ed,, in laboratory and pilot scale both subjects 
need further iaproveaent,, vhich only can be elaborated 
1n clo~e cooperation with experience .acromoleculas 
scientist and with industry of synthetic f ib~rs. 

iv. One of the best research laboratory and pilot plant in 
the world for carbon fiber,, in the final setting up, 
(aentjoned probleas with the pilot line fu~naces) ready 

for the continuation of the research anf developaent 

progr~. 

'Ille needed equipment for analytical control are available. -

FUTURE !Q!! 

:rhe existing cooperation program between CTA &:nd COPEHE will 
cC>Ver the quality iaprovment and especially tJe necessary work 

' to finalize the development of optiau• PAN precursor. It will 
result in necessary process optiaization for final cost 

reduction of general purpose H. T. carbon fibers. 

' 

The technology transfer will also be supported by the industrial 

partner, as well as the market development. 

As known, intensive research has been carried out every where 
in the world in the developaent of the new generation of high 
perfonaance.carbon"fibers and results such as young aoduius up 
to 500 GN/a2 and tensile strength up to 6 GNim

2 
were achieved 

in spme developed countries.· 

A se<:ond phase projeet will be necessary to sup!JOrt the 
development of high perf oraance Carbon Fibers and to develop 
the applications of·the already achieved technology, by 1neans 

of a inten•ive composlte·tnaterials programme. 
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ENCLOSURE 4 

1MFSST/URIDO COHTRIBUTIOH 

VISITS OF EXPERTS, DURIHG THE PROJECT DEWLOPMEllT 

1. Dr. Kavaaura 

2. Dr. Davies 

3. Dr. .Johnson 

... Dr. Falkal 

s. Dr. Hagabbushanaa 

'· Dr. ~er 

• 7. Dr. Muller 

8. Dr. .Jacobsen 

9. Dipl. Chem.Mr Heine 

10. Mr. Steinhart 

11. Prof. Dr Fitzer (Special Technical Adviser) 

(One visit per year) 

• 
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8. VISITS OF EXPERt'S, OOllllG THE CONFEREllCE OR CARBOH FIBERS 

AHO 'l1El!t APPLICATIOHS 

(Dec 5th, 9th - 1983 - at CTA) 

1. Dr arunscb (GERMANY) 

2. Dr ~daas (USA) 

3. Dr BerCJllilnn (GERMllY) 

4. Dr Bayes (Ult) 

5. Dr JCalnin (USA) 

fi. Dr. Diefendorf (USA) 

7. Dr. Hastings (Ult) 

a. Dr. Stenzenberger (GERMANY) 

9. Dr. Zen (CHitlA) 

10. Dr. Kim (l<OREA) 
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c. STUDY-'l'OUBS FOR 'l'BE CARBON FIBEBS 

BY tJRFSST/tMIDO 

1. Mr. Sillionato 

2. Mr. Polidoro 

3. Mr. Ot:ani 

... llr. Maciel 

5. Mr. Gomes da Silva 

'· Mr. Gomes 

7. Mr • Scyllas 

•• Mr. Renato 

D. EQUIPMENT FBOM UNSFD FUNDS. 

(see the following 6 pages). 

STAFF, OF CTA, SllQ&ll£D 

• 
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~· :,_.,,, _ DAZJL Proi~'-No. s-,/W14i/(1 /no1 f11ge 1. of , '«PTtMtZATIQI AND l>E'IEt.<Jt~T OP CARBCJf FIBER 
oJtoiee• Ti•" 'JSCIDla.cDY--- --- · ··---.. - ·--·--- Period tndlng -----·---

. fl.O.li"illti"I HQ ·- Dacriptian 
U1 Ooll• 

~ a.., •• Uni• lqvl1111lent ~Ice llef, ..... r..1. 
l7I '2> Cl) C4) (51 Ill 11 

•~/6 1.2 1 FA BLOC1C OF THE SPINHilfC PUMP, Mai'oR AND A 
CCJfTnf Cl.ISLY COJTROLLABLE ''J'RAJ'ISMISSI CJ1 I 

WJTH ADJUSTABLE HFJ\ ~NC STS'J'EM 1,6)J.- , 5-l'-00)6? . . . 1.) 1 F.A SP~RIINC PIPE WJ'nl A CANDLE-SllAPED FILTER 
STAr.JLESS STEEL '1"9·- -" -

1.4 1 El . COkCULATJCJf l\A'nl OF STAr.ILESS STEEL t1~.- - " -
1.s 1 F.A TAr.E-uP QODET WITH IDLER AND INFnlI'l'ELY 

ADJUSTAJ!LE DRIVE F<B cr2et1/Mn1 AJ'n> SUPPORT , , 11:>~. - - " -
1.6 2 F.A HanzaJTAL DISULADET WASKINC BATHS OF 

STAIULESS STEEL J26.- -.. -
1.l 1 !:A TAKE-UP CODET WI'nl IDLD AllD nlFDIJ'l'ELY 

AJIUSTABLE DRIVE FOR 0 - ?O M/MIN 1,510.- - ,· -
1.10 "1 !:A spr.mr:rc PUMPS OF UICH-CRAJ)F. S'r'f.l.L 1,)0S.- - " -

? .. LABnllA'rMY ffF.T STRF.'l'CHrnn tl?IT't: 
.,, 1 1 ~ ~n:r. DEVICE !;"ITH TREAB 'l'DISICJI REOULATOR 163,- - " -
~.~ 2 F.A lllAW Ca>E'l'S IDLER A?lD UIFINITF.LY ADJUSTABLE 

111IVE rm 0 _, 00 M/Nnl A.\JD SUPPm'I' . l,Cl:'n•- - " -
l.l 1 El HCJH7.Qf'l'AL DRAW BATH OF STAnlL!:SS STEEL Jn.- -" -

. ~ .4 1 D HCJUZCJlftL '"ASHnlC BATH OF STAI?ILESS STEEL 
I 

l?.7 .- - " -
. ;e.S 1 F.A DRYER, CafSIS'l'nlC OF 'r.40 'rAJCE-UP IHJ>E'l'S 

A.'m TWO ELEC'ntICALLT H!ATINC PLATES,WITH 
lllFilll'l'ELY ADUSTABLE DRIVE FOR 0 - 1 00 M/trn 1, 1]5Q.- - " -

2.1 1 F.A Cq4PLETS FINISHDC EQUIPMENT, WITH INFINt• 
TEL? ADUSTABLE DRJ:YE ~ 0 - 20 nE.VOLUTiaf 
MINUTE 571.- -" -

2.10 1 D 'nmtNQSTAT Fat HEA'l'INC 'nlE STRETCHINO BATH . (it• 2.)) ~o.- -" -
~.11 1 . FA rnr:r.rmm TmT:::m nALANr:r~. UT' 'l'n !10 Mn 1,1111.- - It -

• .. 

.. 

; :' I I 

. . 
''"'""" .. A,.IUNW INllllff'rltlAI, .. ,llYlll,llt'll~..,. llNIANl114""' 

NON -EXPEND.AIU PROPERTY CONTROL ucom 
Rtic11lvtd C•ICli• 0••· -- .. ....... ," . a,,,, M ' 

.... 
IYlllf 

Ill (91 (101 (111 1121 ' . 11:11 • 

\ 7 12 

l " " 
1 " " 

I 

1 It " ... ... .... 
z " " 

I 

1 " " 
4 " .. 

1 " " . 
2 " " 
l " " 
l " " 

. 
l " " 

1 " " .. 
1 " " 
l " " .. . . 



. 
-:°"""' 91AztL rro·ec• No. ST/!R!J!.1/C'I01 

'CPTtMIZATIOI AND DERLCP'M&T 01' CARBQf FIBER 
o!rojec• li•le 'JSClllCJ&.mT----. ·---.. - ·--·---

•-' .... 
Period ending -----·---

• 

HQ . . 'us Doll• ,,O,lltll1111lfll ·- Dtscription .... a.. •• Unit lqulvelenl Mvlt•llef. 
Ne. ... 

H '21 lll , .. 151 1e1 . 171 

l?/6 1.2 1 D BLOCJC or THE SPINtlINO PUMP, Mal'Clt AND A 
CafTINQJSL? CQf'nlOLLABLE ''l'RMlSMISSIQf, . WJTH AD.JUS'J'ABLF. HF.AT?NC SYSTEM 1 ,633.-. 15-:>-0036, . ... 

1.) 1 FA spr.nmrc PIPE WJ'l'JI A CANDLE-SHAPED FIL'J'F'D 
STAnlLESS S'l'EEL t1t19.- - ,, -. 

1.t ' D C~GULATTOf RATH or STA~LESS S'lUL 11013.- - " -
1.5 1 F.A 'Mr.E-uP CODET WITH IDL~ AND INP'nlITELT 

ADJUSTABLE DRIVE Jl'CJl <r2Cll/MIN Mn> SUPPORT 1,'1,!1.- - It -

1.6 2 F.A HCJtIZQl'IU 1HSULADET WASMJNO BATHS OJ' 
STAIHLESS STEEL 326.- -" -

1.7 1 !'A ft.XE-UP QODET WITH IDLER AllD nlP'nrtTELT 
ADJSTABLE DRIVE FOR 0 - &»O M/MIN 1,510.- -" .. 

1.10 • !'A spnr.n~:c PUNPS OF HICll-ORAnF. S'J'F.JJ. , '.)06.- - ,, -
? . . LABORA'!'MY \n:T S'l'RF.'mHINr. tr.rr-r: . 
'·' ·1 ~ 'Fr.EJ>It:r. DF.VICE UlTH 'mv.B mrsJ ~ RECULA'!'OR 163~- -" -
~-' 2 r.A DRAW Ca>E'l'S IDLER AND WFlN!TF.L? ADJUS'l'ABLF. . 

DUVE Fm 0 _, 00 14/N.m AND SUPPmT . J,~a.- -" -
i.' 1 EA H<JIT1.Q~'llL DRAU BATH OF S'!'AnJLESS STEEL 3l'i .- - ,, -, .. 1 EA HCIUZQl'l'AL \fASHDJC BATH OF STAI?JLESS STEEL • )27.- - ,, -
2.s 1 r.A DRYER, CQISISTnJO OF 'r.iO TAICE-UP OCl>E'l'S 

AND Tt:O ELEC'ntICALLY HEATINC PLATES,WITH 
INFIHITEL? ADUS'l'ABLE DRIVE FOR 0 - 1 00 M/tim ,,.,5Q.- - " -

2. '1 1 r.A Cq«PLETE FINISHL'fQ EQUIPMENT, WITH DlFINI• 
TELY ADUSTABLE DR~ FCJl 0 - 20 Rl!.VOLUT!~ 
NDIU'J'E 571.- - ,, -

2.10 ' D 'nEtMtsTA'l' Fat REA "l THE STRETCHING BATH . (item 2.3) ~eo.- - " -
:0.11 1 . ~ rnr:r.r::t<W 'l'MT~rw ML.AHt:JI:, ur 'l'O :in Mn 1,1111.- -.. -

• .. 
- . . - . . .. . 
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• JRAZIL • ST/9'.A~/001 
COUft\rt- "~~-'No, ---CPl'llCllA'l'laf ANn DEVLOPIVlfT OF CARBQf P'UIER 
Pfoiec:• Tit .. ftCHNCl.<X:T 

, 
J ' -· ···--· 

- - -- Ptriod •'Mling • ••. ·--·---:.. •• _ 

UI OClll• r.0.1111111111"' HQ . .... Deacrlption ..... o.y. """ lqulvelent Advicellef, ..... .... 
'" '2• Cl) .~, 15) 

. 
'" m 

3'l/6 2.f) 1 EA 'J'RARSFatMATat, ADJUSTABLE 'PROM 0 - 1?.0V 878.- 15-2-00362 

).1 , r.A 'IRESTLE Jl'Clt 'I'll! SEVERAL 'FAClLITES 6!?4.- . -" -
81/1 1-20 1 r.A SWJTIQf WET SPJNNIHO MACHINE, SUITABLE .... -

~ ACRYLIC WET SPINNING AND DRAWING FOR 
CARBQf FIBRES, Pat CPARTIQf CH 220 V/3 
PHASE 60 Ha A.c. SUPPLY, COMPLETE WITH 
~..EC'l'ED ~UI:'Ml:IT AND SPAJI! PARTS 116,653.- ,,_,_01, 14 

. 2 El TINER TYPE ZSC 1820 - Macdtb\U'I 955 ... wo. 00188~ 

1 El LEVER ACTICll CRIPS FOR FIBRE SPECIMEN'l'S 
FPO. 00185'0 LQlD CAPACITT 'Ocm• 230.-

llll 1-1 2 EA HOT PU.TE 290.- FPO, 00118 

82/1 WIHDINC/ROLLINO EQUIPMDIT1 

1 ' . FIBRE DRAWING SY3'J'.'EN, Fat STAJILIZA TIClf . 
AND ClR!<JUZATIQf MlNACEa, CalSISTIHO OF1 

·.1 .4 D TRIPLE ROLLDt SYSTEMS, HCltIZQfTALLY 
SUITABLE FOR PAN TCJIS COMPLETE WITH 
ALL AT'l'ACHMEN'l'S 35,276.- ,,_2-00372 

1.2 , D. CRCES BOBBIN WlNDER, Fat 1-MULTIFILAM!NT 
SPEED RANCE CatRESPQfDINO TO 1.1. ''°''·- - " . ' 

I 
1.) 1 El - DITTO - Fat UP TO 40, 000 DEN 9,488 .• - - " -
1.4 10 EA 'nlRElD COMBS, F.ACH Fat UP TO 1 0 

MULTIFILAMEN'l'S '4, 094,- -" -
a.:12 1 1 EA CNU!CNIV.nD" ruANta: fat SM1£TIC FIBRES PRX:ESSUC 172,07'.- 1~2~76~ 

. 

''"l,.ICU """'"'"" '"'"""'HIAI, 1t•IWICl"lf"'t1NYmt1.-.. l .. ATM . ' ' . 
NON-EXP!NDAll.E PROPERfY CONTROL RECORD 

Received __ ,, ·--
Ory, M " ,., 191 1101 

l 7 u 
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COUR"Y llAZU. · ,..ojec, No. ST/HA/fl /,mu_ 

OPTIHIZATIOM AMD DEVELOPMENT or CARBON FllER 
..... 4 of ------

" 
,.,.iod ending ---------Proieet Thie .1fHffi111A1MU1i..--------------·-·- -1111aava:s 

HQ 
. us Doll• ,;O,/lltl1191l"1 . .... o.y. ""'' Description Advice Ref, ...... ..... lqulval'!ut ..... 

Cll (2) (3) (4) CSI (81 . (71 
··-· 

ll/1 1 EA LVT IROOKFIELD VISCOMET~R llITR""ACCESSORIES 84"0.- ·:: IP 15-3-1543 

ll/1 1 EA DSC TOP SECTION #900b11905 2.131.- 15-3-1544 . 
EXPANSION PROIE'ASSEHBLY 1941086000 . 633.-1 EA - " -

1 EA. FIIER PROIE ASSEHBiY 1941140000 719.- -" -
1 . EA FllER PROBE SAMPLE KOLDER ASS. 1941144000 644.- - " -

83/l l EA ULTRA STY 100 7MMX30CM CO 890.- 15-3-01546 . l EA ULTl\A STY 500 TMMX30CM CO 890.- -. " -I 2 EA ULT' STY 10·3 Tt'JllX30C:4 COL l,T80.- -" -I 

~, .. , . 
~ ..... - 2 EA PRECISION 10163 VACUUM PUMP 15,130.- 15-3-015'3 
0)/1 . l EA ROTARY EVAPORATOR MIKADO COMPLETE WITH 

l.:oTOR 10-220 R.P.M., DRIVE AND STAJID 804.- 15-3-0155' 
·2 EA FLAT FLA.HOE REACTION VESSEL CAP. 6000 MI. l,2TT.- - II -

2 EA FLAT Fl.ANOE REACTION VESSEL CAP. 10.000ML 1,583.- - II -
;4J/1 l ·EA EVACUAILE DIE KBR· 1860025 565.- 15-3-1545 

83/1 l EA STEAM OENERAT 6JCW 240V3PH 1,104.- 1'-3-01j49 

' 4T6.- -" -l . !A PUMP OEAR 1. 2 OPf.1 PED 

l EA MOTOR l/3-HP ll5/208-230V 104.- -" -. 
l EA PUMP ~ DISP TE 115V 575,. II - -
l EA Pt.."-CP OEAR EXPRF ll5/230V i.eo.- - II -. 

ll/1 1 EA CIRCULATOR HODEL A82 FISHER ~CIENTIFIC 2,344.- 15-3-1547 

1 EA CIRCULATING SYSTEM .. .. 1, 720.- - .. -. 

' 

I, I 

\ rK&: oTIC ~ NI JN~ •._,u 

''""'". ""'"'' .... '"'"""'"'·"'" ·~··"°"!"'""' • ..,. .. ,-.\re 
NON - EIP'ENDAILE PROPERTY CONTROL llECOllD 

"9celved Condi• Grt, 

''""""' ,, .. .. 
Gey. M ., 

l'lllnd 

Ill 191 (101 1111 cm • (13t • 
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.. 

• ... 
-· 

.. 

... 

~ 
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llAU L Proiect No. ST/ llR1'/81 /o0t ... ,. -J.-- .. -.-Coun"Y 

OPTlHlZATlON AMP DEVELOPMENT OF CARBON Flll!...., P'erlod ending 
"OJWll;t tu .. 

' 
.. 

HQ UI Doll• 1',0,/llli1111lr" ...... "- Oc/. ""'' 
Description lt1111IYelet1t ................ .... -. 

181 171 
tl I 121 ell , .. !SI 

IC./l 1 EA ISOHET SAW NO. 11-1180-160 . 1,9So • .:. tS-4-037S 
I EA "' NIHET rm.UHER NO. ta0-11lUCl-1 flCI 1,n4n.- -" -

Ito/I 1 EA AUTOMATIC KARL FISCHER TlTRATOR, llA~IC 1,637.- J S-4-0376 
INSTRUMENT WITH STIRRER • ACC. 

' ·~ 1.:. I EA ULTRASTYRACEL COLUMN NO. 8SS03 9SO.- U-4-0361 
1 EA .. .. NO. 8SS04 9SO.- -,, -
I EA .. .. NO. assos 9!10.- -.. -.. . ........... . 

1'··3:.01568 83/l l EA BAI.ARCE pcia•oo MFQ NO RC:l.laoo 1,670.-. 
l EA Jlf4DSJ01' COOLE!I 613.- - " -
2 EA VISCQSJME'fn s1i1 2 MFO 1to v-2200 ll.l.- ~ " -. 
2 EA SPECIAL MAY..E-UP CIRCULATOR MOnEL KS-20~ 3,9H,• - .. -

I 3 EA ZZMFO SPECIAL MAKE-UP RELAY ELECTRONIC 
IRWJ<MANN 1,37,.- -" -

3 EA SPECIAL NAICE-UP THEJV.tOHE'l'ER IR?NKMAHN 25~.- - " -
2 EA SPECIAL ~-UP STIRRER, CON-TORClUE l,283.- -" -

ll/1 I I EA HODEL Pl-C PYRO PHOTO 11 AUTOMATIC OPTICnL ·7,200.- lS-4-0)71 
PY ROME TH 

I 
I EA HODEL 9SE4C PYRO HlCRO OPTICAL PYROH~TER 1,110.- - " -"'= : SET 

14/1 I EA 4Sl L 1.AIORATORY HlCRO CRl"DER INCL, SPARE 
PARTS' 

3,!122.- 15-4-0311 

-
~ 

. 

• 

"'~111 .. u ~"' "''"~ ~ ............ ,• ... . 
' . ' .... "" "'"'" ..................... ,. ....... a..···" ............ "It • 

NON - EXP'ENDAl&.I PROPERTY CONTROL 111com 
Oty, "9CllYld Clrldt• ....... , ... ... 

01\', M ' 
,;.,. ...... 

Ill Ill 1101 111 I 1'21 1131 

• 
' 

. . 

.. 

... 
N ... 



C..-Y UAZIL Projee' No. ST/IRA/81~2!..,_ ,, .. ,_J __ of • 

.-.;.ct llU• onlMllATION AMD DIYILOPHINT or CARION '"~- l'erlod .. llCh"I ·--..--
MQ UI Dell• I ,.o.11111n1111 .... 

°"~ De1crlp1ion .... ... "'"' ,.., .. ,,,""' . ....,,, ....... .. ,. 
CH CJ) fl) ,., CIU Ill C'll 

• 
i ' 119'1 1 1 IA fVLLY ILICTll.OHlC MACRO ~NALYTlCAL IALA~ICE l,)49.- U-S-1170 

'~" 
MITTLER Al 160 · 

l l EA MODEL 21ioc ELr4Etn'AL AMALY:P 021io-081I. 2i.,190.- 1'-,-0101' 

2 l EA MODEL 2bOllS ELEMENTAL ANALYSIS 
DATA STATION 021i0-0825 ii.200.- -" -

3 l EA MODEL AD-6 AUTOBALANCE ELECTRONIC 
ULTRAMICAOBALANCE 065,-0000 7,230.- - " -. 

·1 EA PAPEA 12 AOLLS 650 PAINTEA 310.- -.. -
J., EA SU~ ANALYSIS KIT 2,i.70.- -" -
l £,\ OXYGEN ArlALYSIS KIT 2,i.70.- - " -
l EA SH4PU: HAllDLIHO ACCY KIT 1,030.- -.. -

,,, .. 1 2 IA TMIRMOCOUPLES TK 10 FOR FURNACE TYPI l,237.- u-s-usa 
AH9tl0l 

' 

. 

-

; 
I 

i . 
--

' .. 

u·,,. .. ICU ,,.,.fl(11•• • NA~ twflUll "'"II• 

v ....... """'"". '""9W"'"" ......... ~ ................. ... 
NON· llPINDAILI PllOl'PTY CONTROL MCORD 
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EMCLOSuaE 5 

CTA CARBOll FIBRE TEAM (STATE FEB 87) 

RESEARCHES 

Jo&o Renato Santos Martins 

Francisco Josi xavier de Carvalho 

Gilton Esperidiio Ferreira 

Jurandir Pereira 

Angelo Eduardo Siaionato 

Josi Luiz Gomes da Silva 

Beitor Aguiar Polidoro 

Josi Gustavo Freitas Coelho 

Clara Leal Nogueira 

Luis Claudio Pardini 

TECHNICIANS 

Ana Maria Tofolleto 

Valter Gorgulho 

Miriam Elko lemanich 

Josi Benedito da Silva 

Pedro Macario Rosa 

Joio Batista Rodrigues 

Rogerio Gonqalves Duque 

Marcos Alves 

Rosangela Barbosa 

.Jtoseli de Fatima Cardoso souza 

Joio Batista oamasceno 

Oladir Pires de Li .. 

Seil•• Pereira 

Vicente Ferreira Pinto 

Napoleio rares Cavalcante 

Julio 1<enji Noguti 
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EllCLOSUP.E 6 

STUDT TOUR (10 days. two pArtlcip.'\nt~) 

COUllTRY 

PLACES TO BE 

VISITED 

~OF THE 

PARTICIPANTS 

SCHEDULE 

ALTERNATIVES 

P.R. China 

:1 - BlC'!'. Beijing Institute of Che•ical 'l'CdWIQlOCJY 

2 - 811\M. Beijing Ins ti tote for kromutic.:al J.t:tterials 

l - Textil AcacJc.y in Deijinq 

1 - Col. Ro~rto Kessel. Vicr.-l>irector of the 

Institute for Research & Devclupmr.nt at CTA 

(Centro Tecnico Aerucspacia1) 

2 - Hr. Paulo Hl?mi Gui maracs Sm1lo~ I Head of the 

Materials Division (l'MR) at CTI\ (Centro Tec

nico Acrocspacial) 

Start of the tour in the be9i nninq of July 1986 

3 vorkin9 d~ys at DICT 

1 vorkinq day at Tcxtil Aradcmy. 

3 vorkin9 day~ at DlAH 

If possible, t.hc followi n9 add i tiona 1 vis ites a1-u 

rnco1111110ndcd: 

1 - carbon fiber plant nt J.ILlN l'rovinc::c 

2 - Polymer Institute at er.>uan9zhol( University 

(Prof. Zen) 

• 

• 



PURPOSE OF THE 

VJ SITES 

.. 

• 

• 
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EHCLOSURE 6 

: P.R.China. Ministry of <.11eaical Industry is 

vorltin9 on a J yc01rs proqrilmBIC 01i c01rbon fibca'S 

and COllpO~ites Cor one year already. This ~ject 

is supported by UNDP and partly e:ecuted by tliIID. 

Pive ml!lllhcrs of lhl .. <.11incs<.' rc!reard1 lea• have visit 

ed <.'TA in 1986 ,;md lnvi b~d CTA mc•..ers to visit the -

research facilities in Deijinq. 

The present sludy Lour o[ bolh lc·adi ny CTA (IPDll'f.IQ 

111elllhers has the objective of cxplorimf pus.-;ibilities 

of future cooperation in the respective UNIDO sup

ported pro9raa.aes on C-fiberslc.."'OM(:OSi tcs in both 

countries • 
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• 

RET...AT6aJO DE VIAGEM AO EXTERIOR 

~ULHO/AGOSTO 1987 

Enge PAULO REMI GUIMARAES SANTOS 

Eng• RuCISCO .Jost XAVIER DE CARVALHO 
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f N D l C F. 

1. PROGRNIA CUllPRIDO •••••••••••••••••••••••••••••••••••• 01 
• 

2. DETAUIAllENTO DAS VISITAS •••••••••••••••••••••••••••••• 02. 

2.1 - JAPA0 •••••••••••••••••••••••••••••• ~ •••••••••••• 02 

2.2·- CllltlA ••••••••• ·.-~ ••••••••••••••••••••••••.•••••• 08 

2.3 - CORfIA DO SUI •••••••••••••••••••••••••••••••••••• Jl 

2., - ESTADOS UNID05 •••••••••••••••••••••••••••••••••• 14 

3. CONCJ.UsOEs •••••••••••••••••••••••••••••••••••••••••••• 16 
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ltEJ.AT6RIQ DF. VIACDI M! F.X'TF.RIOR 

PACTICIPAHTES : Engl PAULO REHi GUIMARAES SANTOS 
Engl FRAllCISCO Jost XAVIER DE CARVALHO 

1. PROGRMA CUllPRIDO 

22/07/87 : Viagca SAO PAULO - LOS ANGELES · 

23/07/87 

24/07/87 : 

25/07/87 

26/07/87 

211011::.·1 

28/07/87 

29/07/87 

30/07/87 

31/07/87 

01/08/07. 

02/08/87 

03/08/87 

04/08/87 

05/08/07 

Contac\.o preliminar com a NARHCO em ~aheia 

Viagea LOS ANGELES - TOKYO 
RecebidGS ea Toky~ pclo Prof. KIMURA 

DOMINGO Ac01Dpanhados pelo Prof. r.avamura da Nihon 

University 
Vi !ail::: ;, U<ll \'EF.:ZlliMH·: Gu;•;-:;, c~u Kyriu 

Visita a TORAY e u:STITUTO DE TECNOLOGIA liE TOKYO. 

Eng! REHi visitou a HIHON UNIVERSITY em Tokyo e o 

Engl F~AUCISCO visitou a UNIVERSIDADE de KYUSHO e• 

Fukuol.a. 
Engl REHi continuou visitando a NIHON UNIVERSITY em 

Tokyo enquanto o Engl FRANCISCO visitava o INSTITU

TO GOVERNAMENTAL INDUSTRIAL de PESQUISAS DE KYUSHU. 

Viage• de TOKYO.a PEQUIH recebidos pelo Dr LI 

FENGSHAN. 

: Sabado acompanhados pelo Eng' XIONG JU 

: Domingo 
: Visita ao INSTITUTO DE TECNOLOGIA ou1MICA DE 

• 
PEQUIM (BICT). 
Continua~io da visita ao BICT. 

: Visit• ao INSTITUTO DE MATERIAIS AERONAUTICOS DE 

PEQUIM. 
06/08/87 Visit• ao lNSTlTUTO DE TECllOLOGJA TEXTJL DE PEQUIM. 

07/08/87 : Reuniio final com 0 Dr LI FENGSHAN 

08/08/87 : Viagea PEQUIM - TOKYO • SEOUL. 

: DOMINGO 09/08/87 
10/08/87 

• 'd/08/87 

V}sita ao KOREA ADVANCED INSTITUTE OF SCIENCE AND 

TECHNOLOGY e a fabric• de f ibra de carbono COSCO 

ea SEOUL. 
Visita a UNIVERSIDADE NACIONAL CHUNGNAM ea DAEJO~ e 

lNSTlTUTO DE TECNOLOGJA QU1MICA 

• 



• 

.. 

• 

.. 
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Visita a KYONCJU 12/08/87 : 

ll/08/87 Dia reservado para • visita a KOREA FIBRE COMPANY: 
: Viagea PUSAH - TOEYO - LOS ANGELES 14/08/87 

18/00/87 

20/08/87 

21/08/87 

Visita a BASF STRUC1'URAL MATERIALS (NARKCO) 
Regresso ao Brasil. 

Deseabarque no Aeroporto de Guarulhos • 

2. DETALllMEllTO DAS VISITAS 

2.1 - .JAPlO 

Dia 27/07/87 - KIRYU 
Visita a UNIVERSIDADE DE GUNMA 
KIRYU GUHHA 376 

Tel: 0277 - 221181 - .JAPAO 

FOlltOs recebidos ~los Pro! Dr SUCIU OTAffl; Dr ASAO CY~ 
e Prof. ~r YASUIL~I NAltAIDO. do Departa•ento de Oui•ica da Fac&l 
dade de Tecnologia. 

Dentre os assuntos discutidos destacaraa-se os seguintes: 

RESINA COPHA : Trata-se de Ulla resina teraofixa. cuja ca
racteristica principal e a boa aderincia as fibras de 

carbono-e aos aateriais carbonosos. 

Corpos de prova de grafite colados co• esta resina manti
veraa as propriedades aecinicas da colagea. aeslllO ap6s a 
carboniza~io. No ensaio de tra~io. a ruptura ocorreu fo
ra da regiio da c~lagea. No caso de colagea de eletrodos. 
as propriedades eletricas ficaa inalteradas aesmo ap6s a 

. -' carlxln1za~ao. 

Esta resina foi desenvolvida principalaente para servir 
como precursora da aatriz nos coap6sitos carbono-carbono. 

gra~as a reten~io das propriedades aecinicas ap6s a cart>st 
niza~io. 

Pergunta11108 se bavia rea~io quiaica entre a aesaa e os 
grupos reativos da superficie da fibre de carbono. Respon 

deraa nio poder explicar se a nature%a da liga~io e fisi
ca ou quimica. A C\tra da resina COPNA e de 3 ainutos a 
temperature de 70 a 80 graus Celsius. 

I 

Fibres de Carbono a Base de Piche : Desenvolveram este lllA 
terial, nio tendo nunca trabalhado com fibres de carbono 



- 130 -

a base de PAN. uaa vez que a TORAY ja te• grande co•pcten 

cia nesta area. A ~UREllA CHEMICAL IND. e a unica proclut2 

re das fibras a base de piche no Japio, co•ercializando 

fibras com as scguintes propriedades : resistencia a tr~ 
~io : 2,87 GPa e .cidulo de elasticidade : 55 GPa p.~ra as 

fibras de alta resistencia, e .Ddulo de elasticidade de 

620 GPa. para as fibras de alto .Ddulo. com peso especifi 

co de 2,16 g/c•> e elonga~io de o.48. 

Nao respondera• a nossa pergunta sobre coao controlar a 

regularidade das propriedades aecanicas ao -longo das fi 

bras de carbono a base de piche. 

Cimiento Rcfor~ado c:oD Fibras de Carbono : (CFRC) Tem =ido 

uma das grandes aplica~oes das fibras de carbono no Japao. 

· Consistc <!c oorr~~ de CF'RC: q1:e substi tll!:hl as lnrra:> de 

•~o no concreto armado. A principal vi1nta9em est;i na r~ 
sistcncia a corrosao do material e na possibilidade de 

estruturas mais leves, fator i~portante na constru~ao de 

edificios a prova de terremotos. Ha uma economia de 60~ 

no peso das paredes quando se utiliza este material. Um 

coap6sito CFRC com 4\ de fibras de carbono, quando submc

tido a compr~ssio, tea ua comportamento plastico. As f.i. 

bras ~e carbono para este fim nao recebe• tratamento sy 

perficial e·a fra~ao volumetrica utilizada e de 20\. C2 

aentamos que o ideal seria produzir estas barras pelo pr2 

cesso de •puLTRUSJoN• ao que responderam·nao terem tenta-

do. 

capecitores : As f ibras de carbono tim sido utilizadas 

tam~• na produ~io de capacitores. Os japoneses ganharam 

o premio de 1984 da inven~io do ano nos USA, com a apre -

senta~io de um bateria solar que consiste de duas placas 
i base de fibra de carbono ativada, seperadas por um com 

posto orginico a base de Litio. Estas baterias 

solares te• • vantage• de funcionar tambe• a noite e a 
deaanda de produ~io e da orde• de 200.000.000 de unidades. 

Fibres de Carbono ia Base de J.ignina : A pardr de 1973 • 

durante a eris• do petroleo desenvolveram fibres de car
bono a partir de lignina, tendo posteriormente abandonado 

por aer economicamente invievel para o Japio. A NIPPON 



• 

• 
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KAYAltU chegou a iniciar a produ~ao destas fibras. 

Se houver interesse de .sil ea desenvolver a tecnologia 

de fibres de carbono a •·:.-tir da lignina. o Prof Otani S.!! 

gere q1Je se contrate o Mr Fukuoka que foi quem fez o d!: ·· 

senvolvimen~o para a Nippon Kayaku. esta na imincncia de 

aposentar-se e e a .aior autoridade em fibras de carbono 

a partir de lignina no Japio • 

Carbono Yitreo : Desenvolveram carbono·vitreo a partir 
de resina composta de cloreto de polivinila e rcsina fu

rinica, com adi~ao de grafite para densifica~io. Consegui 
ram ..Ddulo de elasticidadc de 200 era e acreditam que ccn 

outra resina nao se consiga valores aciiua de 20 GPa. He~ 

traram-nos WDa llOla espiral feita com carbono vitreo. com 
grand~ resistcncia a fadiya. 

Celula de combustivel : Apresentaram um modelo de placa 

para celula ~e combustivel em que as bordas sao feitas 

de carbon~ vitreo c as placas de um composito carbono-caL 

bono poroso. 

Dia 28/07/87 - VISITA A TOltAY"TOKYO 

2-1 Nihonbashi muromachi 2 chome 

Chuo-Ku. Tokyo 103 JAPAN 
Telex J22623 TORAYINC 

Fo1110s recebidos por : Mr Ken Tanaka, Gerente Geral do D~ 

partamento de Fibras de Carbono; Mr Akira Koyama~ Mr Junishi 

Katsu~ Kr Keishiro Saito e Mr Katsunori Kori, da MITSUI ' co. 
0 Mr Koyama fez uma apresenta~io dos ultimos desenvolvimentos 

tecnol0gicos no campo de fibres de carbono, destacando a f ibra 

de carbono T-1000, com resistincia a tra~io de: 7 GPa e mOdulo 
de elasticidade 300 GPa. Perguntamos ao Kr Tanaka se existia 
alguma restri~io no fornecimento ~e f ibras de carbono para o 

.Brasil. Kr Tanaka respondeu que ja existem restri~oes para a 

India • acredita que existirio para o Brasil • 
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Dia 28/07/87 - VISITA AO 'l'OltYO INSTITUTE OF TECllNOLCOCY. 

Faculty of Engince~ing Department of Inorganic Mat. 
2-12-1 Ookaylllil Me9uro-tcu Tok)'o .JaP'Jn 

FOIDOS reccbidos pclo Prof Dr Shiushichi ltimura e Prof Dr 
Altira Takaku. 

Carbono refor~ado com Cibr.ls de carbono : .Ressaltaram a sua 

preferencia por matrizes ter~of ixas. pelas vantagens que 

estas apresentam. Ell\ teraos de processos disse 
o C.V.D. (Carbon Vapor Deposition). 

prcferir 

Para caracterizac;ao.da·~strutura destcs nmteriais utili
zaatecnicas de difra~ao de raios-x. incluindo baixo angulo 

Utili&a::; ~uito a tecnica de ressonancia ma9netica na carac

teri=~c;~o d.:s cslrutura do c-.:-:;:>no-carbuno. i·ess.al t••nc!.:.· ;..Jm~ 

em alguns casos·e impossivcl detectar varia~oes si9nifica

tivas na estrutura destes inateriais. a temperatura ~mbiun
tc, sendo necessario utilizar ressonancia aiagnetica a tcm 

peraturas extremamente baixas, como a do helio liquefeito • 

. Fibras de carbono a base de PAN : 0 Prof Takaku produz f.i 
bras de carbono em escala de laboratorio, com a f inalida
de exclusiva de desenvolver tecnicas de caracteriza~ao. o 
sistema de produ~ao consiste em um processo continuo em 
escala de laborat6rio, bastante s~mples, constituido de 
um pe~ueno forn~ de estabiliza~io com fluxo de ar aqueci
do e de wa forno de carboniza~io. 

I 

A inateria pri11a utilizada e a poliacrilonitrila, provave1 

mente fornecida por·algum produtor japonis de fibras de 

carbono. o que inais nos chamou a aten~ao foram as tecni -

cas de caracteriza~ao utilizadas. Para o controle de e~ 

tabiliza~io, constru1ram um dispositivo que simula as 

condi~oes do forno de oxida~io, medindo as tensoes, esti
ramentos e/ou contra~oes que ocorrem, podendo ainda utili 
zar o mesllO corpo de prove para estudo da estrutura e m~ 

dida de propriedades mecinicas. Taml>em para o control• da 
carboniza~io desenvolveram dispositivo •emelhante que pe.x. 

aite •imular •• condi~oe• reai• do processo e analisar t2 
do• os fen0menos f1sico• que ocorrem, de uma maneira mais 
real que wna analise por TMA. Vimos ainda outro dilpositi 

• 

• 

, 
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vn que peraite fazer difra~io de raios-x enquanto as fi

bras sio tensionadas. 

Para verifica~io da aderencia entre a fibra e a matriz PQ 

limerica. aplicam sobre monofilamentos de fibras de carbg 

no. gotas de resina epoxy. ApOS a cura e feito um ensaio 

de tra~io :.o qual a fibra deslisa dentro da gota. perai -

tindo aedir a for~a de ciz:alhaftento. bea como verificar • 

por aicroscopia. a superficie da fibra. ~ra avaliar a 

aderencia • 

Dia 29/07/87 - HIJfON UBIVERSITY TO~YO 

O Eng~ Remi visitou a N1hon University. levado pelo Dr. 

~yoshi ~awa11ura. 

Dur~n~e es~a vi~ita o Dr Kawamura. que ja es\eve per 

duas vez:es no CTA e e cc.nht:cedor do nosso trabalho. bem co;::::; 

. do nosso pessoal. tra~ou considera~oes sobre o pro9resso dos 
trabalhos da PMR. nas areas de Fibras de Carbono e Grafite 

avaliando os reEultados e orientando sobre caminhos. alternat.i 

vas e principalmente sobre a formo~ao do p~ssoal existente 

analisando a capacidade e o potencial de cada elemento. 

Como continua~ao desta analise. recoaaendou as linhas t>as.i 

cas para a fonna~io e aperfei~oamento de cada eleaento da 

equipe. Durante a visita aos laboratorios. mostrou os traba 

lhos de caracteriz:a~io de aateriais carbonosos, utiliz:ando su~ 

cepitibilidade magnetica. 0 equipamenlo utiliz:ado e Ullla Bobina 

de Lewis e faz. medidas da temperatwa d!s.t!o He 11quido ate a tem 

peratura ambiente: 

Mostrou tambem OS metodos de medidas de condutividade eli 

trice a baixas temperatures. 

Forneceu ainda farto "'8terial bibliograf ico dentro dos 

assuntos de nosso interesse e colocou-se a nossa disposi~io PA 
ra colaborar com o Projeto Materiais Carbonos~~.via JICA. 

Dia 29/07/87 - UHIVERSIDADE DE ~YUSHU 

RESEARCH INSTITUTE OF INDUSTRIAL SCIENCE 
ltASUGA 816 FUKUOU. - JAPlO 

romos recebido• pelo Dr Yozo Korai, pois o Prof Mochida • 
que deveru nc.s receber, estava nos 8.1'.. 
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Rcati,aaos atraves da entrega de correspondencia atualizn 

da. as negocia~oes sobre a vinda do Prof Hochida ao Brasil. ~ 
lo Convenio com a JICA. 

Estao desenvolvendo fibras de carbono a partir do piche. 
Para a produ~ao da fibra prccursora. tim um dispositivo muito 

simples. que consiste em um pequeno recipiente aetalico. onde 

0 piche e fundido e pressurizado por nitrogenio,- sendo for~ado 

a passar por ua orificio extrusor. produzindo um monofilaaento 
de piche. que e est.irado. ao ser bobinado, em.uma polia lisa • . ,. 

O estudo mais import.ante quc pudeaos notar foi o da forlll!!. 
~ao da mesofase do piche. Utilizam uma filmadora de video aco
plada a UID microscopio COID ca111ara aquecida. que peraite filmar 
e controlar toda a forma~io da mesofasc, que e 0 ponto mais i~ 

portan~e nw obtcn~5o destas fibras de carbono. Estao mais pre,!! 

cupados com estudo!: <le caracteriza~ac das fibras obt.idas do 

que dt; ot.imiz<:sc;iio uus proces:.os. 

lnforir.aram-nos; se111 fornecer det.alhes,que estiio produzindo 
carbono refor~ado com fibr.as de carbono pelo procecso de depo

si~io em fase gasosa. 

Dia 30/07/87 - GOVElU:HDIT INDUSTRIAL RF.SEARCH INSTITUT~ 

Shuku Tosu Saga Kyushu Japan 841 

Fomos recebidos pelo Dr Kasuo Bobaiashi, Diretor do Insti 

-tuto, Dr Sumio Nagata e Dr Ka7.uhico Jinnai. 

Comp6sjto Carbono Ceramica : Apresentaram de in!cio, um 
material novo para nos : um comp6sito carbono ceramica 
que alia a resitincia a alt.as temperaturas, com grande 
resistincia a oxida~io termica, bem como boas proprieda -
des mecinicas. 0 material e obtido a part.ir da dispersio 

de part1culas cerimicas em uma aatriz carbonosa. 

O exemplo que nos foi apresentado e do qual conseguimos 

wn pequeno corpo de prova, foi o resultado da dispersio 

de sic e s4c em uma matriz carbonosa. 

A aatriz car~nosa utilizada foi coque d• petrol~o nio 
caJcinado • tratado a temperatura nio superior a 6oo•c. 
OSi/C.eo e4c,,conferem ao material a resistincia a oxidA 

~io. Ap0s feita a homogeiniza~io da mistura, o produto e 
aoldado e •interizado a lOOO•c, Este material e empregado 

em lllBncais resi•tentes a alta1 temperaturas e outra• apli-

.. 
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ca~oes que envolva• teaperaturas elevadas.· inclusive tub~i 

res de foguete. 

Fibras de Carbono a base de Piche : Obtiveraa os aelhores . 
resultados ja conseguidos para este .aterial :resistcncia 

a tra~io entr~ 2 e 4 GPa e .Gdulo de elasticidade ate 

500 Gpa. O processo para a prod~io destas fibres de 
carbono de alto deseapenho. a b3se de piche e 0 seguinte : 

PICHE CRU .. HIDROTRATAME~"TO l&o•c a soo•c .. PICHE .. 
HIDRO TRATADO .. TRATMENTO Ttan1co ACIMA DE 45o•c POR 

TEMPO CURTO • P.&CllE PRONTO FARA FIAClO .. FIACAO .. 

.. FIDRl•S DE CARDONO:· 

Maiore~ informa~oes sobre este procesEo enco~traa-se ea 
documen~a~ao disj,.ICln~vel na DiL~ioteca da PHR. 

Possuem uma unidade piloto para a produ~ao destas f ibras • 

com uma unidade de fia~ao de piche capaz de fiar a veloci

dade de lOOOm/min. 

o processo que empregam peraite a utiliza~io de piche de 

alcatrio ou piche de nafta e peraite ainda a fia~io a •l. 
tas velocidades. 

Foram ainda ~encionados outros trabalhos na area de cerami 
cos especiais e metalurgia do p6. Chamou-nos a aten~io o 
aproveitamento das cinzas do •busk• de arroz, para produ -

~io de paineis dgidos e isolantes teraicos, anbq.e e 6timo 

eubstituto p~ra as espumas de poliuretano ea constru~io c.i 

vil e cimaras frigorificas. 

2. 2 - Q!.ll!! 

Dias 03 • 04/08/87 VISITA AO BEIJI•G I•STITUTE OF 
CHEMICAL TECIUIOLOGY . 

Heping Street Beijing CHINA 

Fomos recebidos pela Madame Liu Meizhu, Diretora do lnsti
tuto e pelos Professores Wang Zhen Ping, Diretor do Laborat6rio 
de Fibres de Carbono, Shen zengmin, que esteve no CTA ea 1'86 , 
Li Pei Ren, Chen Hane Wang Pei Hua que taab9a ••t•ve no Brasil. 
O BICT e co111posto de 6 Departa .. ntos s Ciincia de Pol.l-ros, En
genhar ia Ouimica, Engenh&~ia Mecinica, Auto.a;io, Engenharia de 
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Cerenciamento. Quiaica Aplicada e Cursos Elementares. 

Estio rece~ndo suporte da U!II;>O para o desenvolviaento de 
fibras de carbono ea escala piloto. ea projeto se•elhante ao do 

CTA/UNIDO. nio tendo ainda recebido os equipaaentos que ja en 

COllendaraa a FOURH~ da Ale .. nha. 

O Projeto FibrascJeCarbono conta coa 31 pesqaisndores. di

vididos ea 4 grupos : Poliaeriza~io e Fia~io. Produ~ao de Fibras 

de Carbono. £5trutura e Propriedades das Fibras e o Grupo de .. 
Comp6sitos. 

Visitamos a unidade laboratorial de-produ~io de fibras 

carbono. muito parecido com a_nossa : a principal difcren~a 
·--

encontra.os foi o fato de·lavare~ a PAN antes da entrada no 

no de oxida~io. 

de 
que 

fo,£ 

Estav;.a1 util.i::ando J>.11,N ii;;p,.)r~:da da COU~TJ.UJ.!>!i e comt"' ti 
vesee• nos aprcsentado resultados d~ propriedadr.s mec~nicas sy 

periores aos que costumamos conseg~ir no CTA, dcscon!iaa.os de 

que a PAN que 11tilizam fosse de wna nov.a gera~ao produzida pela 

COURTAULDS. um;s vez que o lote era de maio de 1987. Deram-nos 

WDil amostra para que pudcssemos ensaiar e comparar com a PAN por 

nos utilizada. 

Na sintese da PAN, utiliz~m persulfato de amania, sulfato 

de s6dio, acido itaconico 1 volume molar e metil metacrilato 1 

volume molar. 

Estio experimentando a utiliza~ao de outros comonomeros ~ 
ra substituir o MMA tais coino : inetil vinil cetona, metil vinil 

pirolidona e outros. 

0 te•po de rea~io de sintese e de 1 a 2 horas a temperatu

re de 90•c e com pH 3. 0 peso molecular e de 80000 a 100000. Con 

trolam o peso molecular pela medida oe viscosidade Brookfield , 

raramente utili%ando CPC e quando o fazem, utilizaa poliestireno 

COltO padrio. 

Demnnstraraa grande interesse ea manter intercimbio cienti 

fico COil 0 CTA. 

Vi•itamos a!nda o Departaaento de Ciincia do• Polimeros e 

fica110• i11pre••ion1dos co• a quantidade de equipamentos cientifl., 

co• modernos de que di•p0ea, •uitos iaportado• dos USA, JAPAO e 
£1.'ROPA, pure• muitos, incluindo aicro•copio• eletronicos, produ

zido• na CHINA. 

.. 

: 

I 
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JnCormaraa-nos que a China produz resinas epoxy. inclusive 

a tetrafuncional. No BICT formula• siste.,.s de resinas. 

Dia 04/00/87 - JANTAR FORMAL COii AS AUTORJDl\DES. 

Fomos convidados para ua banquete que se realizou no dia 

4 a noite. no PEKING ROASTED DUClC. coa a presen~a das seguintes 
autoridades : Hu Boxiong Deputado. Chere da Divisio de Coopera

~io Tticnico-Cientif ica do Departaaento de Assuntos Estrangeiros 
do Ministerio da Jndustria Ouiaica; Prof. Zhao GuanqL. Vice rrs 
sidente do Instituto de Tecnclogia Quiaica. Sr Li Fengsham e 
outros professores do BICT. 

Dia 05/08/87 - VISITA AO INSTITUTO DE HATERIAIS AEROllS.DTI
COS 

Tel. 287556 - CAt;.:...E 9130 - BEIJIHG - CHU:A 

Fomos recebidos pelo Dr Wang Zufa. Diretor Tecnico do Ins

tituto. Dr Yu Dechang. Sr Zhou Hongfang, do Departamento de 

Assuntos Estrangeiros. Eng! Ni Ronggen e Engt Zhang Fengfan. E~ 

te lnstituto nos impressionou pelo tamanho, pois tem 1200 pe~ 

soas trabalhando somente na area de materiais aeronauticos. 

Alea de pesquisas, dedicam-se tambt?m a produ~io de componentes. 
Possuem um grande Departamento de Comp0sitos. o qual vem utili

zando fibres de carbono ha dez anos , estando inclusive produ -

zindo componentes par~ a industria aeronautica. Vimos duas aa
quinas para produ~io de prepregs, com capacidade industrial de 
pequena escala. uma para prepregs unidirecionais e outra para . 
tecidos e Ulla terceira aaquina com capacidade de produ~ao para 

escala piloto. Na produ~i~ de componentes, possuem uma autocla
ve com 4• de diimetro e uma pequena, de laboratorio. 

Os laborat6rios de ensaios e caracteriza~io estio muito 

be• equipados, com equipamentos dos mais aodernos e com todos 

os recursos e facilidades existentes. 

A principal novidade na area de caracteriza~io de compos~ 
I 

tos foi a utiliza~io de holografia a lazer par~ detectar defei-

tos em laminado•. 
I 

Quanto aos .. teriais utilizados, importam,fibras de carbc>-· 
no da TORAY. Possuem produ~io nacional de resina epoxy tetrafun 

cional, comproinetendo-se, inclusive, a envier-nos amostras. Jn 
for111arem ainda que a China possui boa capacida4e de produ~•o de 
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fibres de vidro com possibilidade Co Cornece-l•s ao Brasil. OU 

fornecer knov how para eapresas br•-- ileiras • Na area de teni~t 

plasticos ava~ados. produze• o P~r.~ e• escala de laboratorio. 
Insistira• no Cato de que participau de todos os con9ressos iE 

portantes na area de materiais. Mostrara• interesse ea manter 
intercaabio com o Brasil e de receber nosso pessoal tecnico ~ 

re treinaaento. 

Dia 06/08/87 - VISITA A ACADEMIA TEXTIL DE BEIJING 

Ying Jia Fen East Suburb Beijing CHIKA 

Foaos re~~~idos pela Madaae Liu Zhen Zhong. Vice Diretora 

da Academia, que e constit~fda de 4 Institutos e 2 Escrit6 -

rios : Instituto de Tecnologia Textil. Instituto de Fibras Sin 
teticas, Normaliza~ao Textil e Aut~r.io Te~til e dos Escrit6-

rios de Engc11hu1·i~ Elctrica e Hec5nica e Tec11ico/Ec<m~:i:icu. 

Visilaaos o Instituto de Tecnologia •1·\?xtil e ficain.'.>s iaais 

uma ve~ impressionados com a grande quantidade de equipam~ntos. 
Sendo a &3iOr parte nOVOS e alguns ainda embaladOS OU Sendo 

instalados. Dentre os equipamentos para fia~io, cerca de 90t 

sio da FOURNt. 

Informara•-nos que ainda nao estio produzindo PAR, princi
pal•ente porque nio te• coao se descartar do DI-IF. 

Durante esta visita, almo~amos junto com o Prof Maclntoshy, 
da Universidade de Leeds Uk, que estava dando assessoria a A~• 
demia Textil. Discutimos com o Prof MacJntoshy aspectos lecni

coa sobre "jet apin,ning" e este colocou-se a nossa disposi~io 

para futura coopera~io. 

2. 3 - CORtJA ml .El.le 

Dia 10/08/87 - VISITA AO JNSTITU'lO COREAllO DE 1.'ECNOLOCJA 

AVAffCADA - DIST 

39-1. Haveolgog-dong, Seongbukpgu, Seoul, KOREA. 

Fomos recebidos pelo Dr En9 Jang Bo Yung e Dr Tae Won Son. 

Co.e~ara• a trabalhar co• fibres de carbono •• 1974 na Agincia 
para Desenvolvi•ento da Defesa. Mantivera• coopera~io tecnica 

COia • ADD da NASA • SNP, SNIAS e ~EP da Fran~·· 

o Grupo de Fibres cont• coin 12 Pesquiaadores e esta traba-

lhando em coopera~io co. a KOSKO, que e produtor coreano de 

• 

I 
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fibras de cerbono. no desenvolviaento de FC 
.!dio. nio tendo ainda iniciado o spinning 

ficuldades na (or93~ao da aesofase. 

a partir de piche 
pois estio tendo di 

Pretende• coae~ar a estudar fibras de carbono e part.ir ~e 

PAK • .as apenas e• coopea~ao coa alg~ e•presa. 

Estio produzindo prepregs e• escala de laboratorio. apenas 

para caracteriza~io. Utiliza• fibras ~e carbono co• trata•enlo 

superficial e trataa-&as coa CTBN. que e ua modificador de 
epoxy que se liga a superficie trata~~ da FC e possui radicai~ 
reativos que irio ligar-se a resina ~~ refor~o-

Contaraa-nos ainda que p~oduze• ~ polimero araaida. bee 

coao fibras curtas obtidas por pulver~za~io. 

Estio auito bem equipados ea ter.-.os de labor3torios 

?Tincipalmcr.1,;c e".juipament.o!: c icnt.i f i: :...; do:. ma is .xle::-n"s. 

Dia 10/08/07 - VISITA A KO~O CA?.DOrl FIBER 
KOREA STEF.L CHEMICAL CO, LTD 

Daewoo Securities Bldg 9th Floor. 34-3 

Youido-Dong. Yongdungpo-Cu Seoul ~OREA 

Foaos recebidos pelo Dr Jung ~i Park. Diretor de Pesquisa 

e Desenvolvimento e Eng! Jae Sup Lee. 

A ~OS~O e o unico produtor de fibras de carbono da Coreia 

do Sul. Pertence • ~orea Steel Che•ical Co e comprou a tecnolo
gia e a unidade industrial de produ~ao de fibras de de carbonG 
da RK. da Inglaterxa. Possuem hoje ui:a capacidade instalada P!. 

ra 100 t/ano de fibras de carbono. 

l•portam a .ateria prime PAN. da COURTAULDS e o seu produ

to final tea as seguintes caracteristicas : resistincia a tr• 

~io : 3.5 GPa e mOdulo de elasticidace : 240 G~a. o pre~o de 
venda destas f ibras e de US$ 27 kg para rovings de 6000 f ilaaen 

tos. 

Estio investindo em pesquisa de fibras de carbono a bese 
de piche. Nio nos peraitiram visitar a fabrica de fibras de 

carbono. tendo a visita •• liaitado aos laborat6rios de ensaio 
e produ~io de comp0sitos. 
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Dia 11/08/87 - VISITA A UllIVERSIDADE llACIOHAL DE OIUllGNNI 

DEPAK'DIEllT OF QIDIICAL EHCINEERlNC 

300-31 Daejon - &OREA 

F09Ds recebidos pelo PTof Dr D. Rhee, o qual ja conhecia-

90S, pois visitou-nos no Brasil alguns dias antes de iniciar -

90S esta viagea e tamblia esteve conosco durante as visitas no 

•lapio. Foi ele quea organizou o nosso progra"!il de visitas na 

Coreia do Sul. 

Rcceberaa taabtia financiaaento da UNIDO e desenvolveram 

processo seai-industrial de ?~odu~io de fibras de carbono a 

par~ir de PAN, utilizondo PAN- i•portada da COURTAULDS. Ja t~L 

ainaraa este projeto e estio atualaente recebendo novo f inan -

ciamento da UNIDO r.ara o dcscnvolvimento de Cibras de carbono 

a base de: piche. 

Na unidade de produ~io de re a base d~ PAN, observaaos o 

seguinte : utiliz.a"' ua forno de carboniz.a~iio RHUSTRAT, pareci

do com o nosso e tivcram os mesmos probleaaas que tivemos. FA 

zcm a lavage• da PAN ea agua qucnte, antes de entrar no forn9 
de oxida~io. No trata11ento superficial utiliz.am uma bateria de 

cubes eletroliticas ao inves de apenas uma. 

Sugerira• que tentassemos utiliz.ar outros coaonomeros na 

obten~ao de nossa PAN, como por exemplo o acetato de '•inila. 

Forneceram-nos ua pequeno relat6rio que mostra esquematicamen

te tanto a linba de produ~io a base de piche coma a linha ~ 

ra produ~io a base de PAN. 
' 

Atualaente estio dedicando-se &Ollente ao estudo das fi 

bras de piche, estando na fase de obten~io da mesofase. 

Dia 11/08/87 - VISITA AO lllSTITUTO DE PESQUISA DE TECNOLQ 

GIA QU:fMJCA 

P.O. Box 9 - Daedeog Danji, 300-31 Chungna• - KOREA. 

FOllOS recebidos pelo Dr Jong Ho Ki•, Diretor e Dr Eng Kyu 

Van Lee, Chefe do Laboratorio Petroquhaico. 

Este instituto, cOllO os de .. i• da coreia do Sul,e ba•tan· 

t• novo • co•preende •• seguint•• Divisoes i Orginica; Polime

ros; lnorginica; Engenharia Ouimica; Ciincias da Vida; Textil 

.. 
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e Divisio de Suporte T.icnico. 

Visitaaos o Laboratorio de Comp0sitos ondo estio esludand~ 
o coaportaaento e caracteriza~ao de co•p0sitos. be• coao formu
la~io de prepregs. 

Estio auito bea equipados. coa .ciquinas de laboratorio. ~ 

ra a produ~ao de prepregs. autoclaves para produ~io de placas 
para corpos de prova. cromat0grafos. espectrofotoae~~o de in 

fra-ver.elho. analisador teraico diferencial e•cimaras de cli~ 
tiza~io para caracteriza~io de COlllpOsitos. 

Dia 13/08/87 - VISITA A ~OREA FIBRE CO. 

Esta visita nio se realizou porque nao fomos apanbados r.o 

hotel. confol"llle estava previsto. 

Nao tendo conseguido contaclo por telcfone com o Prof 
Rhee. organizador do programa. encaGinhamos ua telex a empresa 
solicitando que nos recebessem para uma visita. Como a respo~ta, 

recebida via telex, fosse negativa. a visita foi cancelada.· 

2.4 - ESTADOS UNIDOS 

Dia 19/08/87 VISITA A BASF STRUCTURAL MATERIALS INC 

llAIUICO llATERIALS 
144C N. ~raemer Boulevard 

Anaheia CALIFORNIA USA. 

FOIM>s recebidos pelo Dr Gerald Sauer, Gerente de Mark~ 

ting. Mr Ron Ornellas, Gerente de Produ~io, Mr Gregory M. Hart. 
Supervisor dos Laborat6rios. 

Foi-nos 1110strada, em detalhe. toda a linha de produ~io de 
prepregs. bem como os laborat6rios de desenvolviaento e de 

controle dos produtos. 

A primeira etapa da fabrica~io dos prepregs, consiste na 
~repara~io das forstUla~oes de resina. Neste setor as misturas 
de catalizadores. cargas. aditivos etc. •io feitas em moinhos 

de rolos e com um controle rigoroso de hOllOCJeneidade e viscosi
dade da mistura. O ambiente e muito limpo e o n1vel de p6 em 

suspensio no ar e controlado. 

0 11aior segredo industrial, n• produ~io de prepregs esta 
na formula~io do sistema de resinas. As formula~oes de resina 
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sio prograaadas poara sere• preparadas 908<!ntos·antcs de sua 

utiliza~io nas linhas de produ~io do projeto. As aaterias pri 
aas utilizadas sao resinas epoxy de diversos tipos. aodif icadas 
ou nao. disponiveis no mercado norte aaericano e Cibras dr car

bono de varias proccdcncias. apesar de a BASF ter adquirido a 
CELION. produtora de fibras de carbono nos Estados Unidos. 

Para a utiliza~io pela industria aeronautica. utilizaa S,2 
aente fibras de carbono da TORAY, porque ainda-e a unica b()s;:)l,2 
gada pelo FAA. 

A produ~ao dos prepregs e feita e• equipamentos modernos • 
e• a•biente extre11aaente liapo e·coa recursos que peraite• ~-:a 

perfeito controle das var.iai-~is do processo, gjrantindo u.--:.~ 

qualidade perfcita e• teraos de he>aog?ncidadc e rela~ao voluce
trica fibra/resina. 

A eslc.cagcm do produto acabado e fcita Cll imensas cama:·a~ 

frigorif ic0as e a distribui~io do estoque e p.-ogralD.'.lda para \;l'il 

tempo de armazenagem o menor possivel. 

No laborat6rio de 1DOldagem, estio preparados para simular 

condi~oes de trabalho dos clientes ou me590 desenvolver s;ara 

eles OS seus produtOS finais. Para isto, contam COl!I facilidades 

de IDOldagem, incl~indo autoclaves de diversos tamanhos. 

Os laborat6rios de ensaios estio equipados coa diversas 

..aquinas universais de ensaios, incluindo maquinas dinamicas e 

com facilidades para ensaios a quente. 

Para a caracteriza~io das resinas, estio equipados para 

utilizar as tecnicas .ais IDOdernas e ef icientes em termos de 

analise instrumental. 

Colocara• OS seus laboratorios a nossa disposi~io. para 0 

treina•ento de nosso pessoal tecnico. 
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l. COllCWsOES 

Coaparando o desenvolviaento da tP.cnologia dos .ateriais. 
no .Japio, China e Coreia do Sul, pudemos avaliar o estado ea 

que nos encontramos no IPD c vislur.brar os rumos que deverem~s 
seguir para apoiar o desenvolviaento tecnolagico do Pais. O 
.Japio, coa os seus cientistas SENIORS, coa ua eabasaaento te2. 
rico e vivencia pratica auito.grande. lidera de longe a corri

da tecnol0gica. coa aateriais e solu~Oes da~ llais avan~adas • 
Os Centros de Pe~quisa, governamentais ou nio, estio eapenha -

dos em desenvolver tecnologias, prccessos e produtos, .anter.~o 

uaa vanguarda sobre as industrias. futura usuaria destas tec~2 

logias. 

As Universidades, coa solidos conheciaentos conceituais e 
teoricos, esta apta a ajudar o~ Ce~tros de Pesquisa a enxer~~r 

os probJegas tecnologicos, a luz de forLe embasagento leor:=~ 

e conceitual. 

Assim, o entrosaaento eficiente entre Industria, Universi 
dade e Centros de Pesquisa garante= a vanguarda tecnologica do 

.Japio. 

Na China, nao existea pesquisadores muito experientes e 
os chineses procuraa suprir estas deficiencies, cOID equipam£n

tos de laborat6rio novos e sofisticados. No entanto, estio aui 

to preocupados com a fonna~io de recursos humanos, mandando um 
grande numero de pessoas para treinaaento no exterior e rece -

bendo WA grande nUinero de consultores estrangeiros. 

A Coreia do' Sul encontra-se ea um estagio de desenvolvi -
.ento superior ao da China, ... ainda continua investindo baI 

tante na forma~io de recurses huaanos. 

POde ser notado que estes paises nio hesitaa em importar 

tecnologias que os mantenhaa na vanguard• comercial e tecno16-

gica. A .. ior preocupa~io e que suas institui~oes de pesquisa 
' 

e universidades tenhaa capacita~io para entender, absorver e 

.apri.orar Ou adapter as tecnologias importadas. Esta e uma P2 
litica saudavel, uaa vez qua te110s o exeaplo do ~apio que ia 

port• auito 1118is tecnologia do que exporta. 
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sio ~ose dos Campos. JO de novembro de 1987. 

rltANcisco .!~~ llVIPt DE CARVAUIO - Eng!! 
Chcf9 ~~ubdivisao Tccnica 

PAULO REiii CUIMARAF.S S.!UfTOS - Eng~ 
Chefe da Divisio de Hatcriais do 11'1> 




