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1~805 
IRE PORT 

on __ ~Y mj:s~ion to Indi:i 

from 15 to 22 December 1982 

(This report includes also those of the experts 

Prof. Dr. R.J. DIEFENDORF, Dr. U. GRUBER, Dr. R. ZIMMERMANN). 

1 . Schedule: 

My personal schedule between 1S and 22 December was realized 

according to the previous planning. 

The s~hedule of the expert Prof. Dr. DIEFENDORF, between 

13 and 22 Dece~ber 1982 was mod~fied tecause of difficulti2s 

in getting airplane reservations. 

Also the schedule of the expert Dr. ZIMMERMANN was charged 

because of difficulties in obtaining the visa in time. He was 

in India between 15 and 21 December. 

The expert Dr. GRUBER followed the progranune and stayed in 

India between 16 and 23 December. 

All experts arrived in Delhi and travelled together wi~h me 

to Bombay and left from there. All experts attended the 

Indian Carbon Conference in Delhi and the IIT Seminar in Bombay, 

and participated in the DST meeting in Delhi on 17th of Dec., 

as well as in the meeting of the Technicdl Advisory Co~mittee 

on 19th of December in Bombay. The experts visited the insti

tutions in Delhi but not in Madras, Bangalore, Trivandrum and 

Baroda b0cause of shortage in time and especially because of 

the impossibility t0 get air reservation during the pre-Christmas 

time. 
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Detailed Schedule: 

13 Dec. Arrival expert Prof. DIEFENDORF 

14/15 Dec. Prof. DIEFENDORF's visits to NPL and IIT Delhi, 

attending Indian Carbon Conference 

l':Ji16 Dec. My arrival togetht.,... with Dr. ZIMMERMANN at Delhi 
night 

16/17 Dec. Participation of all experts with me at the Indian 

Carbon Society meeting at NPL Delhi ~ aa~.l--i)• 

Simultaneously visits of University ~e1h!6'wit\i 
expert Prof. DIEFENDORF and visits of IIT and 

1 8 Dec. 

SHRI RAM Institute by the experts GRUBER and 

ZIMMERMANN. 

Discussions with Professor VERMA, IIT Delhi, 

Dr. SETH and Dr. BAHL, NPL Delhi and programme 

discussions with Dr. KUMBLE, DST and Prof. BHIDE, 

University of POONA at DST. 

Departure for Bombay together with Prof. BHIDE, 

Dr. KUMBLE and with the three experts Prof. DIEFENDORF, 

Dr. GRUBER and Dr. ZIMMERMANN, briefing of the experts 
by Prof. BHIDE. 

19 Dec. Participation in the meeting of the Technical 

Advisory Committee at Bombay together with the 

three experts DIEFENDORF, GRUBER and ZIMMERMi~NN. 

20/21 Dec. Participation in the IIT Bombay Seminar on Recent 

Advances in ~~tP~ials (chairing sessions and pr~-

21 Dec. 

senting papers by all of us r::=~=:..~_2_~: 

Demonstration of a movie on CFRP fabrication produced 

by DORNIER, Germany. 

Intensive programme conferences with Dr. KUMBLE, DST, 

Prof. BHIDE, Indian Programme Coordinator, and all 

participants cf the resin programme, present at Bombay. 

Departure of expert Dr. ZIMMERMANN 

?1/22 De~. Departure together with Prof. DIEFENDORF 
night 

22/23 Dec. Departure of expert Dr. GRUBER 
niqht 
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2. The state of tne resin programme, as demonstrated during the 
first meeting of the Technical Advisory Committee 

The members of the Technical Advisory Committee and the three 

UNIDO experts were in December 1983 for the first time confronted 

together with the programme points, the progress in solving 

the problems and the philosophy of the participating institutions. 

The presentations of the participants during the m8eting of the 

Technical Advisory Committee covered therefore the whole acti

vities of the laboratories during the last two years, because 

the Indian r~search programmes started two years ago basing on 

the programme formulated t:r..ree years ago. A special abstract 

on the state of the programme as reported by the laboratories 

and discussed by the experts can be seen fromt::!;i:!:l. 
The general impression was, however, disappointment; 

firstl~, because the members of the Technical Advisory Committe 

have expected more progress during a nearly two years long 

research and development work; 

secondly, because the economic criteria have not been con

sidered strongly enough for most programme points, and 

thirdly, because it is hardly to see how after another two 

years a useful application of such resins in cowposites in 

India can be expected. 

Furthermore, the very active and critical ~ontributions of 

the experts present during the meeting of the Programrr.e 

Committee fortified the mostly infavourab,l.e impression, that 

most participants have worked isolated on their special 

programmes which were selected by the. asel ves, but a strong 

cooperation to a common effort is missin~. 

As to me personally as General Technical Advisor of the UNIDO 

contributi0n I have had the same disappointing impression as 

I startel my activity for this resin programme in september 1982. 

The UNIDO support and therefore the UNIDO programm2 started 

officially in April 1982, but practically only with my visit in 

September 1982 when we had reformulated together with the Indian 

project coordinator, Professor BHIDE, the special tasks for the 
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cooperating i~~titutions. There were C•1ly 2 1/2 months between 

that time and the meeting of the Technical Advisory Committee 

in December, not enough time to report on decisive progress 

du~ing this short period. 

I was, however, very happy to see now in December 1~82 that the 

decisions made in September turned out to become successful: 

1.l All participants have tried to follow our advise to start 

a better cooperation. 

2.) The exper~s which were selected according to the need 

after the September presentation of the rzsults, and which 

were invited to this December meeting for giviny criticism 

on the usefulnes~ of the problems treated by th~ various 

institutions wer~ exactly the right persons namely: 

Dr. ZIMMER~1ANN as years long expert in polyesters and 

phenolics ana active director in research laboratories 

of Farbwerke HOECHST, Germany: 

Dr. GRUBER as experienced sciePtist in development of 

epoxy-, polyimide- and now vinylester-resins in research 

laboratories of CIBA-GEIGY, Switzerland, and 

Prof .Dr. DIEFENDORF' as well known expert in carbon fibre 

and composite application in the United States. 

All these three experts gave also clear criticisms on mode 

and intensity of tte work done in the laboratories which 

have been visited by them (Delhi area) (see also encl. 3). 

3.) The equipments requested by the participants and mostly 

orde~ed already by UNIDO will improve the intensity and 

efficiency of the laboratory work. 

4.) The study tours, performed so far, were extr2rnely success

ful, and their outcome will certainly be reflected in 

the future results. 

All of us had to recognize again how difficult it is to coor

dinate a successful cooperation of nine individual laboratories, 



- 5 -

spread over the large territories of India. It seems to me, 

however, that more critical than the distance is the variety of 

very specialized items for research and development, performed by 

these laboratories, favourizing more dive:::-gency instead of co

operation. 

In order to improve this given situation it seems useful to me 

to distinguish between: 

Main participants, - laboratories which contributions are of 

decisive importance for the outcome of the whole project, and 

a second category of participants,which contributions are 

helpful but not decisive for the success of the whole p,rogramme. 

Participants of thes:?cond category should cooperate with the 

main participants in scienti[ic research either on the preparatior• 

methods of resins or in testing of the resinsand of model com

posites made from it. The justification for accepting this second 

category of institutions within the national programme must be 

seen from the viewpoints of scientific education in the uni

versities on one hand, and on the 0ther of the desire to start 

a better coordination between university research and the 

industrial need for applicability of such research results. 

3. The responsibilities of ~he main~ticipants of the resin 
~ramrne 

For the first category, the main participants, let us remind 

of the i~~ediate objection of thi~ resin programme, as formulated 

in tn~ project document namely 

"to develop special types of resins used in large 

quantities for application in composite industry" 

In industrialized Western countries, mainly two resin groups 

fall under this objective: 

The ~lyesters for glass fibre reinforced composites, and 

the epoxy resin& for advanced, these are mainly carbon fibre 
reinforced composites. 

All evaluations of the research results on more specialized 
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resins must be based on a comparison with such standard 

qualities used in the industrialized countries. As a consequence, 

the first step within the cooperative programme must be a 

critical evaluation of availability of basic resins in India and 

the information on their qualities and costs, and whether parts 

of these resins must still be imported. 

O~y on the basis of such a critical evaluation of the state 

of availability and suitability of resins in India one can 

decide on the need of development of special grades and 

especially on the usefulness of scaling up of products developed 

within the present programme. 

It should be mentio1,~d , that in case of polyesters available 

in India, there exists a status report compiled by SHRI RAM some 

years ago. This report does not satisfy the need for th€ above men-

tioned critical evaluation, but can be used as basis for it. 

There do not ex~~t similar compilations concern~ng epoxy tesins, 

phenolics or other speci3lities. 

Main participants can only be those, who are able and willing 

to contribute to this first st~p within the cooperative 

progranune. According to my jucgement these are: 

SHRI RAM as specialist for polyesters 

VSSC as most experienced man11f acturer of epoxy based 
cornposit~s, and 

NAL as selected institution for testing resins and 
composites. 

1'he list of main participants can be extended by CLRI as 

specialist in phenolics, although ptenolics are less important 

as matrix ::or FRPs if compared with polyesters and' epoxies. 

The cooperation between these fou~ main participants shc~ld 

work as following: 

The three laboratories working on resin evaluation and resin 

development (SHRI RAM, VSSC, CLRI) should advise NAL in the 

selection of most typical polyesters, epoxies and phenolics, 

and in preparation of most representative samples. 
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NAL should be responsible for measuring the properties of such 

standard resins and for preparing a critical data compilation. 

This compilation will be the basis [or comparison with the 

resin types developed by the participants. 

The three laboratories preparing new types of matrix resins 

must concentrate their efforts to resin systems only,which 

can be considered as candidate materials for economic appli

cation in India. 

IPCL Baroda, although working more in the periphery of the 

whole programme, is asked to advise the participating labora

tories on the economic aspects from viewpoint. of chemical 

industry. It is hoped that also other specialists from industry 

will contribute to such economic consid~rations. 

4. The contributions, expected from the participants of the 
second category. 

Besides of tl.2 above mentioned special task for IPCL Baroda, 

this laboratory as well as PATEL University, IIT Delhi, NPL Delhi, 

act more in the periphery of this cooperative programme. 

However, as mentioned above, stronger links with the main in

stitutions of this cooperative programme are absolutely 

necessary. 

IPCL Baroda is asked to support the participating laboratories 

in scaling up of the resin development as soon as such develop

ment work has been decided as worthwhile for further studies. 

Especially the direct cooperation with PATEL University is 

strongly recommended. This responsibility should not reduce the 

own initiative of IPCL on their studies for reinforcement of 

thermoplastics. 

~ATEL University is advised to cooperate strongly with CLRI 

Madras with the objective to compare furane based resins with the 

phenolic resins and to select economic application for it in 

India. 
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For IIT Delhi it is r2commended to cooperate strongly with 

VSSC Trivandrum and to advise them in the development of their 

new polyimides and the curing agents for epoxies on a more 

scientific basis. This responsibility does not exclude the own 

initiative of IIT on adhesion agents for glass fibres, new poly

imides and vinyl ester resins. 

University of Delhi is advised to cooperate strongly with NAL 

and to support them in measuring the physical and mechanical 

properties. University of D~lhi should also support NPL, SHRI RAM 

and IIT Delhi in their preparative chemical studies by thermo

chemical measurements with the excellent equipment available at 

the University. 

NPL has his own programme on carbon/carbon composites using 

pitches as matrix precursor. However, alle evaluation of 

this special research results must also be based on a ccmparison 

with standard qualities used in the indust=ialized countries. 

The following graph should explain the intended strong cooperation 

between the participants. {see page 9). 

5. Limited tasks for all participants unLil end of March 1933 

Using the above basic ideas which are derived from the programme 

objective and the er i ti cal remarks a1.J suggestions of the experts, 

the Indian coordinator, Professor BHIDE, has prepared some very 

limited tasks for the participating laboratories and asked thPm 

to report until end of March on it : 

5.1 Immediate limited tasks for NAL, Bangalore 

The central institute for evaluation of the results within this 

cooperative programme is NAL, Bangalore. The special task tor NAL 

on which NAL should report end of March 1983 comprises the 

following three points 

a) Setting up a data compilation of a few representative 

matrix resins, world wide used as well as indegenious ones, 

basing on own measurements with model composites, prepared 

at NAL (responsible {or selection of the resins and advise 
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for composite preparations are the three institutions: 

SHRI RAM for glass fibre reinforced polyesters, VSSC for 

carbon fibre reinforced epoxies and CLRI for filled or 

fibre reinforced phenolics) . 

b) Testing of resins developed by the various institutions, 

preparation of model composites from these special 

resins and measuring of the physical and especially me

~hanical properties of the composites made from these 

special grade resins. 

c) Report on the establishment of sophisticated testing 

methods for composites at NAL Bangalore with the help of 

UNIDO, including simultaneous tensile, compressive and 

torsional strength testing, ultrasonic testing and 

fatigue testing and accustic emis5ion. 

5.2 Inunediate limited task for SHRI RAM Institute, Delhi 

a) Selection of some few typical polyester resins for glass 

fibre reinforcement especially produced in India and 

advise of NAL for preparation and testing of such model 

composite.;. 

b) Concentration on the synthesis of larger quantities of 

the flame resistant polyester resin based on HET anhydrid 

(hexachloroendomethylenetetrahydrophtalic anhydrid) and 

DBNPG (dibromoneopenthylglycol). The preparation work 

should result in enough quantitie& :or testing the pro

perties by NAL. Strong cooperation between SHRI RAM and 

NAL for the best method of preparation of the samples is 

precondition for this time limited task. These results 

are needed for decision on eventual scaling up of this 

develof?ment. 

c) The work on the opcimization of the synthesis of HET acid 

itself should not be continued at the moment. 

5.3 Inunediate limited ta3k for VSSC Trivandrurn 

a) Selection of few typical epoxy resins for C-fibre re

inforcement and advise of NAL for preparation and testing 
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of model composites. 

b) Concentration on the development of the curing ~gents 

for epoxy. 

c) Preparation of enough sample materials of the polyimide 

based on itaconic acid anhydrid for final testing of 

the properties. These data are needed for the decision 

whether this work should be scaled up or stopped. 

d) The work on polybenzoxazoles which are very resistant, but 

difficult to process in fabrication of composites should 

be stopped. 

e) The results of the work on surface treatment of jute must 

be evaluated and should not be coiltinued until the 

economic justification will be confirmed. 

5.4 IITUTiediate limited task for CLRI, Madras 

a) Selection of a few typical phenolics world wide used 

and indegenious ones for reinforcement with fillers and 

fibres. Advise of NAL for preparation and testing 

of model composite made from it. 

b) The preparation work should be concentrated on evaluation 

of the properties of the resins based on cashew nut shell 

liquids. This work should be performed at CLRI as well 

as at NAL. Evaluating of the economy of such product~ 

from non petroleum sources for application in composites. 

c) Proposals for special economic applications of re3ins 

based on cashew nut shell liquids in non composite industry. 

5.5 IITUTiediate limited tas~ for the other participant~ 

a) PATEL University. This institution must concentrate 

on evaluation of the pr0perties of their furan based 

resins and on getting some information on the economy of 

these resins. Without such ~n economic justifiLation. the 

work on matrix resins should not be continued within this 

programme, but more economic applications of these special 

resins should be proposed. 

I I Ill I I 1111 II I II 
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b) IIT Delhi . This participant should concentrate on the 

polyimides which do not consist of extremely toxid raw 

materials and which can be easily processed. This 

University Institute should consult VSSC on the further 

improvement 0r optimization of preparation methods for the 

promising itaconic acid anhydrid based polyimide. This 

institution should also think on the possibility to 

start some scientific studies on vinylesters. The work 

on coupling agents for glass fibres should be continued. 

c) IPCL Baroda . This industrial laboratory should not 

continue systematic work on filling of polymers with 

different fillers within this programme. They should 

select some special polymer products from the large list of 

co;nrnercially available products in the Western world. 

They should try to reproduce these typical qualities. 

Development, however, should ~ directed to fitre rein

forced thermoplastics. 

d) NPL Delhi. This national institute should continue its work 

on carbon/carbon composites based on the liquid pitch 

impregnation process. The team should improve the impreg

nation pitch. They should try to improve the strength 

properties of model composites. They should prepare com

posites with various fibre arrangement and they should 

compile the mechanical data of composites with varied 

fibre arrangement and contact some eventual users for 

such oomposites in orthopedic hospitals. 

e) University of Delhi. This University InstitutP-, not yet 

practically included in the cooperative work, should 

measure thermochemical properties of resins and curing 

agents prepared by IIT Delhi, NPL Delhi or SHRI RAM Delhi. 

They should evaluate possjbiJities to join NAL in 

measuring of some basic physical data on composite material: 
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6. T~ntative Schedule for further activities 

a) The next meeting of the Technical Advisory Committee is 

scheduled for 7, 8 April 1983, most probably at Delhi. 

b) I was asked to visit the participating laboratories before 

this meeting, that means end of March and beginning of 

April. It is hoped that all reports on the limited tasks 

will be available at the time of my visit for preparing 

discussiors of the presentations during the meeting of the 

Technical Advisory Committee. It is furthermore planned 

that I should visi_ University of Poona (Prof. BHIDE) at 

the end of this visiting tour and before the meeting of 

the Technical Advisory Corru::i ttee for discussions with the coordinat, 

c) No study tours, no training and no new requests of apparatus 

will be accepted until the next meeting of the Technical 

Advisory Committee in the beginning of April 1983. 

d) Irrunediately after this neht meeting of the Technical Advisory 

Committee the first study tour group (under the guidance 

of Prof. BHIDE with two or three colleagues) should start 

beginning with Japan and ending with Germany and UNIDO Vienna. 

The list of the participants with complete personal data 

must be in hand of the Chief Technical Advisor at least end 

of January 1983 in order to prepare carefully the visits. 

The second cooperative study tour under the guidance of 

Dr. KUMBLE and with Prof. VERMA will obviously start only 

end of May because of the University programme of 

Professor (Mrs.) VERMA. The complete list of participants 

should be in hand of the Chief Technical Advisor before 

his departure for India in the last week of March 1983. 

The study tour of Mr. SINGH should be performed together 

with the training fellow Mr. SRINASAR. These both colleagues 

will start immediately after the next meeting of the Technical 

Advisory Committee. Again, the personal data and writti2n 

confirmation of their availability (because of the problems 

last time) should be in hand of the Chief Technical Advisor 

end of January 1983 already). 
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7. Performed study tours 

7.1 The study tour of Dr. SETH and Dr. BAHL in November 1982 to 

Japan was ver~ successful. Their report is enclosed 

7.2 Also the study tour of Dr. BHARDWAJ was according to his oral 

report successful. A written report is not yet available. 

7.3 Professor NANDA has performed his study tour as a single. Un

fortunately, Mr~ SINGH, the specialist in testing of composites, 

was not able to join at that time. Professor NANDA, howver, 

had a very good impression and had collected much information 

on properties and testing of composite materials. It is hoped 

that he can apply these informations during the cooper2tive 

programme. 

7.4 General conclusions from these visits: 

The visit in Japan was well organized and satisfying in any 

case. 

The visiting f rogramme for Professor NANDA was too tight. 

Especially the long travelling distances within the United 

States need a longer stay at one place and a smaller number 

of places to be visited in one week. 

The visited institutions were very hospital but also extremely 

disappointed if the announced visits were cancelled only a few 

days in advance, or even only afterwards. 

8. Future experts 

The Indian coordinator expressed the need for the Indian 

Institutions to have some experts who can stay within the 

latoratory at le3st 2 weeks and train the Indian people more 

basically in handling the daily work with modern technology 

in more rationalized way. 



This is not only important for the polyester synthesis in 

SHRI RAM Institute and for the epoxy and polyimide development 

in Trivandrum, but especially for the composite testing in 

Bangalore, that means for preparation of highly reproducible 

model composites and testing them with sophisticated methods. 

Durinq the April meeting the request for future experts will 

be discussed, if not earlier decissions are achieved by mail. 

I 

/ I I ' 
J·/ 1 u~ . / ,,,--. 

I ' I /1 /~ ,_I , 

Prof.tor. E1;FITZ1R 

.. 
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Rensselaer Polytechnic Institute, U.S.A. 

SESSION H 

B. P. Singh 

Relation between the softening point and the 

Carbon Fibre Polyimide!I Compositea-<F-1) 
Stenzen1>erger 

. glass transition poi~ pitches-(H-1) 
N~fu M Sakai and .u?r:.n~aki 

Univershy Heidelberg, West Germany 

DeYel.opt.uent ~r Carbon-Composites-(F·2} 

L.M •• \lanocha, r.. Bhatia and O.P. Bahl 
NatioDM Physical Laboratory, New Delhi 

Transverse Thermal Expamion of CJrbon 
Fibre: Epoxy Moitrlx Com posit es-( F ·3) 
].F. llt/111tr and R.]. Diifmdurf 

Reusselaier Polyrechnic ln~titute, U.S.A. 

~--------~TEA~~--------

Sf.SSIOS G 

].W. SJoJ~llu>f• 

Technical rcquiremenu for engineering 

carbons :ind grnphitf's-{G-1) 

.L·t it. Wood 

'!\forg:\nn!' Speci:i, Carbom Limited, U K 

7 

1005 hn. 

1020 hrs, 

1040 hrs. 

1055 hrs. 

~ 

.. ---.-·--1 

ll 15 hrs. 

1'oyohashi- tfniveni1y of Technology, J :lpan 

Ch:lrac .. 'riution of Indian coal-tar pitch for 
use in C'1rbon-Carbon Composites-(H·2) 
/ll.K. Sridhar, P. 1i:anakalata a11d B.C. Pai 

N alional Aeronautical Labc.,. a torr, Hang;1 )or~ 

Use of petroleu1n coke i11 Aluminium 

industry-(H-3) 
MP. Whitnkar 
Great Lakes Carbon Corporation, U.S.:\. 

Coal char and purification of Mine etHuen!s-

(11·4) 
]. Jo.P,a Ra•J, SR. Das and lf.C •• Vandi 

Central Fuel Rettard1 Institute, Dhanbad 

Structural changes of &he Carbon and 

Gr:iphite InduHry in the Eighties 

Karl ,\laier 
\'ot>st Alpine AG (Linz), Austria 

--------TEA---
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Carbon-Carbon Compo!1het1 

E. Fit~tr 

Uni\'f'rsity of Karlsruhe, \Vest Germany 

Carbon fibre reinforced carbon composites are "all carbon" rnatt"rials. Similar to 
_' classical carbon ceramic rnaterjals (such as graphite electrodes~ they consist of a filler 
:t, th:it is the fibre network, attd of the binder carhon. Only endless fibres nre used and 

- 'ti;· in two-or thrre· dimrn~it•nal arrangement, thus repn•presenting two continuous 
::, .. 1ral phases for the binder a:1 well as for the tiller part. 

CFRC-materials combine the outstanding high temperature properties of 
: v:..:ranular graphite materi;\ls with those of cnrbon fibre reinforced composites. 
"rrfon·. they became the unique material for heatshields and nose cones in the space 
:tno>to~y and ::.'i nozzle matrrial in solid fuel en~im·~. The reliability was repeatedly 
nomtrated durin~ the spectacular space shuttle bndings. The literature on this 
:eri;\I, however, is limited bec.rnse of its military impo11ance. 

-------- -· ·-

well as additi\'es to the binder nnd impregnation pitch for crosslink:u::e will !Jc rrportrcl in 
comparison. Finally, the effect of graphilization :u intcrmediat~ and final proC"ess strp \\'ill 
be disrusscd. 

For re-entry application, imprrgnation with oxidation resi~tant s.Jbstances is applied, 
as will be shown. On the other hand, fin:.I resin imprrgnation leads to composites with 
hybrid matrix, which nre a completely new materinl group with mechanical properti .. ~, 
similar to those of CFRPs. 

Present and future application possibilities of both, carbon carbon as well as carbon 
polymer hybrid materi:ils ns in automobiles nnd as biomatcrial will be discmsed. 

The paper describes the two methods for fabrication of such materials, the CVD and 
!i•l'11d impregnation tedmicptes. Results of sy~1ematic studies on the process 

;unet!'rs for fabrication of un (unidirer!ionally reinforcr.d) model composites according 
·he li•1 uitl impn·~;nation technique will be discussed in detail. l\fost important is the 
., tion of suitable f:hrrs as well as hinder coke pn•cursors. ~lu~ efTect of adhesion 
,_,.,."n fibre and matnx precursor is diffnent from that in filire reinf.>rced polymers 

-~ti\'~ •>f th•• stresses built up by the carbonization shrinkage of the 111atrix. 

As linal dl"nsitirs of the hulk material are :ichirved hy m11ltipl~ lirp1i<l impregnntion 
rrr.irlioniz;1tion treatmrnt~, the por-e structure ••f the pri111ary binder coke controls the 

_ t _iueclt;mic;:il ;mu 1he1111;11 properties of the composites. 

- - Pir•Jws ;m~ <;uperior as m;1trix prrc11rsor as comparr1l with thermose1ti11g re!ins, but 
- '!high pre~\ure carhoniza.tion in oader to get hi~h carbon yields. Several resins as 

(xLiv) 

" 

(:<I.v) 

~ 
(\ 
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~ 

----------· .. -····----- ··----· 



c 
~ ·------------ -

--

Traa!lverae Thermal Expansion of Ca rboa Flber;Epollly !'.!atrbc Compo!litu 

].F. /Mm,, a"'f R.J. Diif,11Jorf 

:>.fateriab Engineering Drparrrnenr, Rensse!.u•r Polytechnic lnstilute Troy, New York 12181 

The prediction of lamina1e properties ft om those of constituen1i ii an important 
a'pect of better und.,rstanding overall compmite behaviour. In order 10 achieve this goal 
urilir.ini;: micromerh.~nical analysis, compo•ite constituent propertiet mun be modelled in a 
more t!.,t,\iJ .. d mann.,r. The 1rn11n.,•rse P'"P'" tif's of laminatrs, specifically col'flicil'nt of 

thermal e:ocpamion, are critical in a vari.,1y of applications. \\'hile the axial prnper tit:s of 
fi!>r1'5 alone and in composit"' are both prrdictal.le from theory and are l':uily mP•1sured, 

transn,rse propertil's, particularly of anisouopic fibrl's, are almost impossible to gcnerallr 
pr,.Jict and dillicuhies arise in experimental measuwmenrs, Phpi1-;1l properties of st>veral 

ani.mtropic hbre typr• were smdied to obtain property d:ua and to clat ify the effoct of 

structural ani,<•ttopy has on fibre propertirs. Composites of v;u io11s Ii lament \'olume 

peru:nrs \vere mearnred for thrrmal rxpansi••n by a push•rod difa1orne1rr and a plot of 

coelficienl of therm;il t·xparuion \'ersus correspondin1: \•olume for e;H:h filne typr was 

r.on,1rt1ctrd. 1-'rom this .. \"alue for the tr.tns\ erse ~oelfaLi.,ut of !lw1 mal t:xpansion can IJe 
t!ltlr;ipol.tted. 

~ 

• 

.. ----- -----·---

... . ···-' -· ····-·····-. -· ··- - . 

Mesopha!le Formation la Pitches 

R.J. Diifendorf 

Renssel:i<'r Polytrchnir lmtitute Troy, Nf'w York 12181 

The fundamentaJs of mesoph1u<' formation in modt'I compounds will he describl'd. 

The conc<'pU devrlo1wd to de•r.rihe mo<l•.•I r.ompound ml'•Omorph,'non·meso'.norph hinnry 
syst'!ms will he g<'twrali7.NI to pitche•. Thr crirical avrr:ii:r molrcul:ir wcii:hr for 

mesophase formation and the dfoct of mnlcrul.u w<'ii:ht clis1rihu1ion ·.,·ill he pr~st'nt!'cl. 

(l:t) 
(xi.viii) ---
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Monday 
December 20, 1982 

11.00 to 13.00 hrs. 
(IDC) 

SESSION Al 

SPECIAL STEELS AND SUPERALLOYS 
Invited Talks 

Al-1 V. RAMASWAMY AND N.S. DATAR, SAIL, Ranchi 
New developments in high strength low 
allow steels. 

Al-2 S.K. GUPTA, MIDHANI, Hyderabad 
Status cf special steel production for 
nuclear, space and aeronautical applications 
in India. 

Al-3 RAJENDRA KUMAR, NML, Jamshedpur .. 
Development of creep resistant materials. 

M:>nday 14 .O:J to 15. 30 hrs. 
December ~o, 1982 ( IDC) 

A2-l 

A2-2 

SESSION A2 

COMPOSITE MATERIALS -I 
Invited Talks 

H. STENZENB~RGER, West Germany 
Carbon fibre.reinforced com?Jsites with 
polyimide matrix. 

K.A.V. PANDALAI AND N.G. NAIR, IIT Madras 
R and D activit~ at FRP Research Centre, 
IIT Madras. 

A2-3 R. ZIMMERMANN, Hoecnst AG, West Germany 
Polyesters, phenolics and melamine resins. 

Monday 16.00 to 17.30 hrs. 
December 20, 1982 (IDC) 

A3-l 

SESSION A3 

COMPOSITE MATERIALS-II 
Invited Talks 

(MRS) I.K. VARMA, IIT, Delhi 
Advanced fibre-reinforced onJanic nwtrix resin 
(.;Omposites. 

A3-2 B.J. DIEFENDORF, RPI, New York 
Carbon-fibre~, present pr ope rt i cs df1d fut u r~ 
applications. 

A3-3 . S. BANDYOPADh:'AY, MRL, Victoria, Australia 
Characterisation and application of composite 
materials. 



M:mday 
December 20, 1982 

16.30 to 17.30 hrs. 
(MB) 

SESSION A4 

CONTRIBl!l'ED PAPERS 
Poster 

A4-l D.S. VARMA AND R.G. RAJ, IIT, Delhi 
Amine cured epoxy/glass fibre composites. 

A4-2 ? .R. PRASAD, S .RAY, J .L.GAINDHAR AND M.L.KAPOOR, 
University of .Roorkee, Roorkee 
A modified mixture law for particulate composites. 

A4-3 L.M. MAHOCHA, O.P. BAHL, R.K.JAIN AND V.P.WASAN, 
NPL, Delhi 
Thermal behaviour of carbon fibre reinforced 
plastics. 

A4-4 K.SREENIVAS, T .SUDER.SENA RAO, AJAY DHAR 

AND ABHAI MANSINGH, University of Delhi, Delhi 
Dielectric and pyroelectric studies on 
triglycine sulphate - polymer composites. 

A4-5 R.L. SETH, NPL, NEM DELHI 
Use of pitch for carbon-carbon composites. 

Tuesday 9 .00 to 10. 30 hrs. 
December 21, 1982 ( IDC) 

AS-1 

A5-2 

AS-3 

Tuesday 
December 21, 1982 

A6-l 

A6-2 

A6-3 

SESSION A5 
COMPOSITE MATERIALS-III 

Invited Talks 

E.FITZER, Karlsruhe University, west Germany 
High temperature materials. 

V.M. NADKA.RNI, NCL, Poona 
Developments in high performance fibres and matrices. 

U.GRUBER, Ciba-Geigy, Switzerland 
Vinylester and epoxy resins for advanced composites. 

SESSION A6 

HIGH TEMPERATURE CERAMICS 
Invited Talks 

11.00 to 13.00 hrs. 
( IDC) 

(Mme) A.M. ANTHONY, CNRS, Orleans, Prance 
High temperature refrClctory applicatiou::; of Zi rcrn11...;. 

T. SA'fA, Kwna.moto Institute of Technology, J d!Jan 
Uigh temperature vaporizations of ceramics materials. 

B. V .S. SUBBA RAO, DMJU,, Hyderabad 
Grain boundary engineering in ceramic:s. 



A 2-3 

RESINS AS MATRIX FOR FIBRE REINFORCED COMPOSITES 

R. ZIMMERMAN~ 

HOECHST AG. WEST GERMANY 

• 

After a general consideration of the economic importance of 

polyesters as component for reinforced plastics the prcfcrcd 
manufacturing processes and exampJes of application ~re 
described. The applied properties of unsuturated polyesters 

as a function of the molecule structure arc evaluated hy means 
of several diagrams. Finally, the importance of aramidc unJ 
carbon fibres as reinforcing material is described. 

I I I 
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A 5-3 

VINYLESTER - AND EPOXY RESINS FOR ADVANCED COMPOSITES 

U.GRUBER 

CIBA-GEIGY LIMITED, BASLE, SWITZERLAND 

Vinylester- and Epoxy Resins for advanced composites 

Vinylester resins are the reaction products of epoxy resins with acrylic
or methacrylic acid. The coRITlercial VE resins are solutions in styrene 
that can be handled and cured like the unsaturated polyester resins. 
The VE resins are known for their good hydrolytic stability and are used 
when superior chemical resistance is required. 

A very promising new development are UV- or sun light curable formulations. 
Such formulations combine the advantage of a long pot life with short 
c~ring without requiring expensive ovens or other heating equipment. 

The epoxy resins are the classical matrices for high performance corn~osites. 
As a conse~uence of the oil price shock, the European industry has begun 
to investigate the replacement of heavy steel parts by light weight high 
performance composites. Hereby a necessary precondition was that the 
engineers learned to construct and to calculdte composite structures. 
One of the most important characteristic values for such calc1Jlations is 
the transverse tensile strength of the matrix resin on a given reinforcing 
fibre. These values can now be determined by routine. 

For composite parts of engines high temperature matrices are rcql:ired. 
It is shown that some EP~systems did resist lsooc aging in motor oil 
during the whole life span of a motor. 

I 

I I I I 1111 I 
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A 5-1 

HIGH TEMPERATURE MATERIAL!:i 

E.FITZER 

INSTITUTE FOR CHEMICAL TECHNIQUES OF 
KARLSRUHE UNI\'ER:l !TY 

WEST r.ERMANY 

The paper: describes research in Karlsruhe on high 

temperature materials for the temperature range above 

1000 °c in oxidizing atmosphere as well as above 1600 °c 
• 

in non oxidizing atmosphere. 

So far as high temperature alloys (super alloys) are con

cerned, protection against oxidation and hot corrosion in 

turbine blades are studied. 

The aluminizing coating within the cooling channels can 

be deposited by the subchloride process, the Cr-Al coatings 

on the outer surface can be replaced by silicon containing 

ones with increased r~~istance against attack by sulphur, 

alcaline and vanadium oxide. The report includes description 

of a process for fabrication~of such very reactive coatings 

without damaging the substrate alloys. 

For higher temperatures application in oxidizing atmosphere 

silicon ceramic can be applied. The paper describes methods 

to improve the oxidation resistance especially the re

sistance against intergranular oxidation and as a conse

quence against creep by densification of sjlicon carbide 

and silicon nitride bulk materials. The possibilities for 

reinforcement by fibres will be discussed. 

A new material with the highest oxidation resistance is 

Mosi 2 improved in its mechanical properties by means of 

reinforcement with niobium wires. Its strenytl1, f racturc 

and oxidation behaviour will be presented. 

page 2 
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Finally, results on and limits for fibre reinforcement 

of oxide ceramics (Al 2o3 , mullite, Si02) will be 

referred . 

. ~ superior material for application in non- oxidizing 

atmospheres at highest temperatures, but also for a 

limited time in oxidizing atmosphere carbon fibre rein-• 
forced carbon materials will be presented. 

' 
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Enclosure 3 
Et£j£\4$£ZZ::;-.;:: l 

The reports of the partic~~~~ing_J~boratori8S and the 

discussions during the meeting of the Te~~~i~~J-~9visory 

__ <;:oI_!lffiittee 1_9_th_of_December at Bombay. 

standard polyester resins (UP resins) are already manu-

factured in India. The SHRI RAM institute itself is 

experienced in this field and has given 30me licences 

to Indian companies. There are approximately 350 small 

companies which use UP resins. UP production in India 

is in the order of magnitude of 10.000 to/year. 

Dr. DABOLGAR reportet on the development of a special 

unsaturated polyester resin (UP resin) based on HET acid 

(hexachloroendomethylenetetrahydrophtalic annydrid) and 

DBNPG (dibromoneopenthylglycol). The flame resistance 

apparently was at least equivalent to commercial types 

as Hytrom and Viapal resins. Also the tensile strength 

was similar. The experts Dr. ZIMMERMANN and Dr. GRUBER 

congratulated SHRI RAM l~stitute for this success. 

SHRI RAM has sampled some 100 grams to NAL as well as to 

University of Delhi for testing. Only first one has tried 

to make glassfibre reinforced composites from it. However, in 

spite of personal cooperation with members of SllRI RAM 

Institute, the sample size was too small for preparation 

of representative laminates. Dr. DABOLGAR was reporting 

tr.~t chemical resistance tests were planned. Dr. GRUBER 
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explained how such tests were conducted in his laboratories 

at CIBA-GEIGY. Expert Dr. ZIMMERMANN went into more detail 

concerning the polycondensation reaction. This expert also 

stated that this type of flame resistant UP's (with 

bromium content) have a very limited market in Westsrn 

countries\only a few percents). He proposed to consider 

the alternative way to get flame resistance in UP's namely 

by adding the flame retarding fillers such as red phosphor, 

antimonpentoxid or others to standard qualiti~s. Dr. GRUBER 

proposed Al 2o3 { H20J 3 . Both experts pointed out that when 

fillers may be used {if there is not a limitation by 

increased viscosity of the mix) this ~ould be the cheapest 

way and also has the advantage of low toxitity. Also liquid 

phosphor containing additions should be considered. 

Dr. DABOLGAR reported furthermorP on the experiments to 

synthesize the HET acid itself as well as to start with 

scaling up in cooperation with other participants, eventually 

IPCL Baroda. 

It was concluded however, that these developments should 

only be continued if the tests of larger quantities of 

this special type of UP have shown that an economic product 

can be expected from these experiments for India. 



2. VSSC Trivandrum Dr. RAO 

Dr. RAO and his colleagues reported on several items 

started within this programme. 

a) Polyamides, polyaminoamides : 

A medium molecular weight liquid or low melting reactive 

polyamides based on fatty acids was developed. Dimer esters 

and aliphatic di and ~ri amines have been used for the 

preparation of the polyamides. The dimer esters are pre

pared from commercially available castor oil. 

Expert GRUBER stated that such adducts are widely used 

in Europe as hardeners for expoy additives (CIBA-GEIGY 

India offers those also imported from Swit7erland) . 

b) Thermosetting polyimides 

The scientist reported on the preparation of additional 

polyimides, the recent synthetic routes for polyimides 

synthesis, which used preimidized short molecular segmects 

similar nature to those of condensation polyimides. The 

cure is achieved by polimerisation of the reactive termini 

of the prepolymers without loss of volatiles. Therefore, 

the processing of such polyimides become simple while 

the thermostability slightly sacrif ied. 

Especially itaconic anhydrid was used in the experiments. 

It was rea~ted with p, p-diamino-diphenylether under 

suitable conditions to get bisimide which is a mixture 
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of approximately 90 % bisitaconic imide and 10% biscitra

conimide due t0 isomerisation. This mixture of bisimides 

was reacted with p, p-diaminodiphenylmethane in D.MF under 

certain conditions to obtain a solution of low molecular 

weight polyarnino-bisirnide of itaconic and citraconic moieties 

The tentative test on thermostability and processibili~y 

are very promising. Especially itaconic acid has the ad

vantage to be locally available to a price comparable to 

maleicaci0anhydrid.The expert Dr. GRUBER was not familiar 

with this type cf polyimides, but he had the impression 

that these studies are promising (it is intended by UNIDO 

to bring the polyimide expert Dr. STENZENBERGER to Trivandrum 

for consulting this work). 

c) P~lybenzoxazoles 

Polybeeoxazoles are a relately new class of heterocyclic 

polymers with excellent thermal stability. VSSC has reported 

having synthesized such a polymer in laboratory scale. 

Following the remarks of Dr. GRUBER, that in principle 

similar work was done in America but was stopped because of 

the extremely bad processibility of such resins, it was 

agreed also by VSSC , that this work should not be con-

tJ nued within the UNIDO programme. 

d) Liquid anhydrids 

Liquid anhydrids are curators for epoxies (hardener). 

The representatives of VSSC re?orted on the synthesis of 

dodecemyl succinic anhydride from lauryl alcohol by 

dehydration through a heated alumina colomn, giving pre-
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dominantly 1-dodecene with some quantities of isomerized 

brancheu olefins and short chain olefinesdue to cracking. 

This mixture of olefins on reacting with rnaleic anhydride 

gives liquid anhydride having the boiling range of 

182-188 °c.These anhydride cures with epoxy polymer in 

presence of amine catalysts. Research and development work 

on the process is completed. The product gives similar 

properties as compared to imported material. 

The expert Dr. GRUBER made the comment that the commercial 

product imported from Switzerland by CIBA-GEIGY is the 

hardener HY 964. This ha~dener gives a heat destortion 

0 temperature of 40 - 45 C only with standard epoxy resins. 

Therefore, it is used preferently as co-hardener. His 

opinion was one should not vaste time and money on exploring 

the properties of this commercially available hardener. 

If it is intended to produce this hardener locally, the 

main efforts should be directed to his scaling up and 

production. 

e) BF
3 

ethylene diamine complex. 

Also this complex is a commercially available CIBA-GEIGY-

product namely the hardener HT 973. BF
3

. MEA complex 

( mo~oethylamine) have been prepared by VSSC starting from 

BF
3
-etherase solution and monoethylamine. Since the reaction 

is highly exothermic, it is carried out at subzero temperatur( 

In view of the hygroscopicitiy of the product, dry atmo-

sphere is maintained. 
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The expert Dr. GRUBE~, CIBA-GEIGY , reported that Ciba-

Geigy has found that such accelerates lowers the long term 

heat stability of anhydride cured epoxies. This accelerator 

is used in quantities of only 0.5 to 2 % of the mixture. 

Therefore, according to the npinion of the expert, there is 

no reason to reinvent such an accelerator. 

f) Development of polyurethane adhesives 

Polyurethane adhesives were developed for bonding of glass 

epoxy laminates. The cured laminate has large concentration 

of hydroxyl groups which will be quite reactive with 

is0cyanat groups present in the adhesive. The system 

developed is a two-component-system, the first component 

being a hydroxyl terminated polyester, and the second 

component toluene diisocyanathe. The research and development 

work on this polyester synthesis and on the adhesive for

mulation is completed. Ter,talive testing gave the following 

bonding properties: Fibre glass t fibre glass laminate 

6.5 N/mm2 , fibre glass laminate to aluminium 5 N/m.m
2

, fibre 

glass laminat to mild steel- 6.5 N/ m
2 

, al~minium to 

aluminium - 8 N/rn 2 . 'Ihe expert Dr. GRUBER reported that 

tensile shear strength of commercial products range from 

14 to 25 N/mm 2 . The qualities developed at VSSC are not 

yet finally optimized therefore. However, he mentioned that 

the development of adhesives is more"black art"than a 

scientific problem. He jugded this type of wor~ as a good 

idea that establishment of adhesion development laboratory 

in India is advantageous as compared with imports from 
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foreign companies because last ones have very often not 

the ability to respond quick enough to a low volume demand 

for special adhesion problem in India. 

g) Improvement of jute fibres 

The research work at VSSC was concerned with the decrease 

of the water retention value and of the resin absorption 

of jute as a filler in polyester composites. 

Several methods were studied. It was found that treating 

c: the fibre with organic coupling agents like glycithil

methycrylate (GMA) improved the shear strength of the 

laminates by 10 to 20 % without effecting the other 

properties of the fibre. 

But it was found to be very difficult to bring down the 

moisture content and resin absorption of the fibre signi

ficantly with simultaneous improvement of the mechanical 

properties,only some treatments are able to bring down 

the moisture content and resin absorption without any 

significant loss in the mechanical properties of the 

fibre and the laminate. One such treatmene is the surface 

coating of the fibre with reactive polymers like Adiprene 

HTPB - DTI etc., which brings down the moisture content 

by 6 7 % and a resin absorption by 40 %, also the tensile 

strength of the yarn is improved by 20 - 25 %, whereas the 

other mechanical properties of the fibre and of the laminates 

are not harmed significantly. The experts acknowledged 
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the result of this comprehensive studies on improvement of 

jute. They pointed out, however, that the costs of such 

a treatment will perhaps exceed that of glass fibre fabriques. 

In such a case, replacement of glass fibres by s~rface 

treated jute is not justified. Mainly, because jute is not 

so strong and stiff as glass fibre by far. Perhaps there 

are some other applications where not high strength but 

only wall thickness is required. Then, surface treated jute 

could be advantageous. 

It is recommended to continue the work only if the 

economic situation of such a surf ace treatment has been 

proved and found to be tolerable by the various users. 

3 . CLRI Madras - Dr. REDDI 

Dr. REDDI reported on the research on phenolic resins from 

non pet~oleum sources. Especially, on the suitability of a 

phenol (cardanol) from cashew nut shell oil (CNS-oil) for 

the manufacture of phenolicresins. The best properties were 

obtained with blends with standard phenol. Also samples filled 

with wood flour, asbestes, glass fibre mat, cotton, lignin 

were prepared and demonstrated. The experts Dr. GRUBER, but 

especially Dr. ZIMMERMANN acknowledged the results. Similar 

work was done years ago in Germany by Farhwerke HOECHST, 

especially by ALBRECHT Co. It was found at that time that it is 

extremely difficult to prepare such filled samples free from 

pores. Also the samples demonstrated by CLRI representative~ 



were insufficient in q~ality. There was the surpr:ising discus3ion 

between the CLRI people and the experts, that even in India 

CNS - oil is much more expensive than phenol. Then it is not worth-

while to fabricate standard qualities of phenolics from CNS-oil. 

It was discussed also that the Dr. BECK Company of India has 

epoxydized cardanol and diphenol made from cardanol and has 

submitted samples for testing to CIBA-GEIGY. Dr. ZIMMERMANN promised 

to submit all reports available at HOECHST on this special 

development of CNS-oil derived phenolics, and also to give 

proposals for more advantageous use of this special natural 

product from India. 

4. PATEL University 

Dr. S. PATEL reported on furane resins from furfurol and/or 

furfural. Again, the reason for this development work was 

the availibility of the raw materials in India, or better, that 

this raw materials can be made available by new fabrication 

plants in future. Dr. PATEL reported that laboratory work on 

resin development is nearly finished , and that they are 

preparing larger quantities for submitting to NAL for testing. 

They have already tried to make some materials filled with several 

fillers. It is well known, that furane resins have excellent 

chemical resistance. 

During the disassion, however, it came out, that furfural costs 

even in India 20 - 37 Indian rupies/kg, whereas phenol costs only 

16 rupies/kg al though this price is much higher than that on 

the world market. Dr. ZIMMERMANN, however, reported that there 
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exist many special appli:ations for this chemical resistant 

resin. He promised to submit a report and list with proposals 

for such special applications(for instance chimney paints). 

5. IPCL Baroda , Dr. BARDWAJ 

This report on the work on properties of polypropylene filled 

with different rnctErials was presented by Dr. SHARMA. They 

used Caco 3 , Talc, Mica as filler. It is planned to reinforce 

PET and PBT and Nylon 6 with shopped glass strands. The expert 

discussed whetlier filling of thermoplastics is a subject for 

a composite programme. They recommended , howeveL, to continue 

the work because of the increasing importance of filled 

thermoplastics in the Western world. For reinforcment of PBT, 

Dr. GRUBER reported on the difficulties at CIBA-GEIGY to get 

pure enough starting material. le recOilUTiends filling with 

chopped glass strands , 6 mm length. 

The expert Dr. GRUBER also warned the Indian colleagues to 

produce plastic bottles. The Western world is polluted with them. 

6. II~ Delhi, - Professor (Mrs ) VERMA 

Prof. Verma gave a very short report because of shortage of 

time for a longer presentation. She also treated several project 

items. 
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a) Sizing for glass fibres. 

This is a new item in the research work of IIT, Delhi, 

taken from NPL Delhi. Professor Mrs. VERMA has problems 

with the synthesis of suitable silanes •. Expert Dr. GRUBER 

proposed as specialist Prof. Dr. G. GRE3ER, Institut flir 

Chemische Technologie Organischer Stoffe in Technical 

Univasity of Vienna. Prof. GREBER was leading researcher 

in CIBA-GEIGY and has developed there such coupling agents. 

There exist no chance to get a Know How or licence for 

fabricating of such coupling agents. It is strongly recommended 

to continue this work. 

b) Synthesis of high temperature resi~tant polyimides. 

Professor VERMA is internationally known on this work. 

She reported on three types of polyimides, namely 

i) Synthesis of aromatic di- and triamines as componenents 

for corresponding polyirnides . Expert GRUBER pointed out 

that any work with benzidine must be stopped ~~mediately, as 

this is one of the moEt powerful cancerogenic substances. 

He proposed that some of the bulky or higher molecular 

weight amines should be tested as hardener for epoxy 

prepregs. He offered that also CIBA-GEIGY of India in 

Bombay could perform some type of testing. 

ii) Polyconde1i.sation - polyimides based on reaction of a 

diamine with dianhydrids (PMDA or BTDA) (PMDA = pyromellitic

dianhydrid). The results of this laboratory were well 

appreciated by the expert Dr. GRUBER. He recommended to 
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develop varnishes for wires for electrical motors and to 

make temperature resistant films within the UNIDO programme 

from this polyimides. The development of the polyimides 

as a bulk material is obviously supported by the Indian 

space prograITUTie and shoul~not be supported by UNIDO 

simultaneously. 

iii) Thermosetting polyimides based on bismaleinimides (BMI). 

The basic idea is to combine this with amines in order 

to reduce the brittleness of the bismaleinimide polymers. 

Such coriai.nations are available commerci:ially under the 

trade mark KEREMID 601 from RHONE-POULENC. 

The expert Dr. GRUBER mentioned that thermosetting poly

imides based on BMI and the amines mentioned above in i) 

could be independent of Rhon:: .tiOULENC Patents . 

First step , however, should be the pro-

auction of the triple amines. He again proposed to use 

this comblnation mainly for electrical industry and for 

applications where low thermal expansion coefficient 

is neeJed. The expert Prof. DIEFENDORF acknowledg8d the 

excellent work done by Prof. VERMA in chemical synthesis 

of special resins. He pointed out, however, that the 

development of the matrix materials for composites .emphasis 

should be placed on these resins which would hav8 the 

greatest impact on the Indian economy. In general, these 

materials would be large volume gPneral use resins' 

but not speciality resins. 



- 13 -

He agreed with Dr. GRUBER that although the primary goal 

is the development of resins fo~ composite lami~ates, it 

should be realized that some resins may have greater appli-

cation to other areas, and which may be found to be of 

no values for laminates. The research therefore should be 

extended for these other applications as well. 

7. NPL Delhi - Dr. SETn 
--- ----------------

Dr. Seth reported on the work of his team on development 

of special pitches from coal tars available in India. 

These pitches should have high carbon yield, but low quinoline 

insoluble parts. Unidirectionally reinforced carbon/carbon 

composites were made with these pitches. The density after 

first carbonization and after several impregnation and 

recarbonization steps, however, have reached only 1.6. 
I 

In the Western world carbon/carbon composites are ap~lied 

with bulk density between 1.8 and 1.9. 

In agreement with Professor DIEFENDORF I pointed out the 

need of optimization of the impregnation pitches and the 

fabrication processes. We both also prooosed to fabricate 

sample materials with several arrangement of fibres (UD, 

2D and 3-dimensional reinforced). Finally, especially 

Professor DIEFENDORF made the comments that in the United 

States such carbon/carbon composites were mainly 

produced for military purposes with the goal of maximum 

heat transport properties. This development in India is 
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directed to biomaterial, the mechanical properties and 

especially the modulus should be improved and very precisely 

controlled. 

8. NAL Bangalore 

9 • 

Mr. SRINAGAR reported, that some resins obtained from 

VSSC as well as from SHRI RAM were t1~=d to test. The 

sample materials, however, were small in quantities (in 

the order of 100 to 200 g only) and ill defined (for in

S:ance high contents of solvents). Therefore, representatives 

of this laboratory were only in position to report on 

the programme they understood since last meeting 

end of September 1982 . According to Professor DIEFENDORF, 

the overall programme for testing by NAL seems sound, and 

well through. Also expert Dr. GRUBER su~ported the 

opinion that a minimum quantitiy of 200 g are needed from 

the laboratories to give a tentative judgement of 

the usefullness of this special resin development. For 

more detailed testing larger quantities are necessary which 

only can be obtained after scaling up. A scaling up however 

can only be decided if tentative data are available which 

justify just scaling up effort. 

University of Delhi - Prof. NANDA 

Prof. NANDA reported on the equipment he has available at 

his institute for the characterization of polymers. All 

participants and especially the experts were impressed by 

the amount of sophisticated instruments. The experts 
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expressed the hope that this participant will not be subject 

to the pitfalls of the computerized instrwnents. 

What today's first generation computerized instruments 

produce has to be examined critically and with much better 

understanding how these results were generated by the 

computers. Professor NANDA has performed a four weeks 

study tour just recently. It is hoped that he will under-

stand the main problems of his special task for active 

contribution. 

National Chemical Laboratory, Poona - Dr. NADKA.1\H 

This instution is not yet participant in the resin pro

gramme, but was in discussion to be invited to participate. 

Dr. NADKAMI referred on polymer alloys. The presentation 

was very general, and no one was able to find out, what 

special combination Dr. NADKAf.'1I was planning to develop. 

The expert, Dr.GRUBER, mentioned, that years ago the 

leading polymer research laboratories in the United States 

were asked where the most progress to be expected in 

polymer science. The result was: not with new polymers 

but with modificiations,blends(alloys) of existing polymers. 

Sc promising these statements were at that time, so little 

was the success during the following years. Only a very few 

blends are in practical application. The expert Dr. ZIMMERMANN 

mentioned his experiences in HOECHST. 10 chemists worked 

si~ years long on the blending and alloying of polymers 

and produced only two new products based on polymer alloys. 
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Also in my opinion , this task of blending of polymers 

(polymer alloys) can be excepted within the resin progranune 

only , if the participants will identify an intended end

product, then establish a product profile and after that 

try to match it with polymer alloys. The other way, to 

start a basic research on all possible alloys would be 

completely wrong because of infinite dimensions and no 

hope for a practical application of the resnlts. 
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The: carbon symposium was attended oy :O:iL· c.:l.-::-~t·..;_ 

overs._c:;.,. it corrprised 6 plenary lecture:;, 0t:.::..:~ .... ..., i·,v_ :, 

~osl_r pr~scntations by leadin; incustri~s c~vc.~i~~ ~2stly ~ 

a•id n .. , .. J,J·Jll.cations. The topics broadly cov~r~~ - la) car: 

(b) n;.__-0,J11a:;e pitches, (c) intc:rcalation ccr:i,_;::;un.::!:", (d) s..;r• _:_ 

(2) C~K.:~, and (f) var~aus other carbon mat~rials. Jver 61.J ,_; ·~~- _. --'~- _ 

conn,•::t.:u IJ.)l.th carbon fibres, carbon carbon ccmµosites and µi~c" ;J-. --

Carbcn-cc_.,, 0n comµ0sit~s t11ere -t.1sed as matt::rials f.Jr oiomedicc.~, o:..:_r-_ 

other ap~lications. L~~ of carbon fibri::S ano carbon fibres basdo 

composite;s for ligaments, d8ntell iirplants, riip jcints (cu._is, h2="cs 

~~~ 
stems), fl.nger, thumb, ultra should.:r anc.J vascular syst~ms. 3ior-..;;_,~r._ . .i 

r· 

applications of carbon mdt.;r i3ls were hi::1h.!.l.yntt:a by 1..1r. Hutt.tn:i1::r. 

Th1:.. li.,Jht weight hl..,;h stren>:Jth charuct~rl.stics of the cur:.u·, 

., 

...... ..!• 

o 'f sq<ici... tngin..:L;riny as aircraft breaking shuE.: mat1.;rial having lo"' ~f'e.r .'.. f_· r~ 

w ... ,;.,alit, c:x~c:lLrnt rc;;fractorin~ss and hii;ih strength. friction and --~r 

:'ru,J...rc ... ;. uf tht: cumpos.i.t~s w1;.:~t;; dt?termin=-cl anJ micrc.:sc.ructurc of t.i'--
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c~rr~~i0n crdcking, and (~, str~ngth/siz._ r_ti-. _,.._, ,· .. i r i.n~s 

b1....1....n ~Jr_s: .. ntt:.~J µayin~ particular attention c.·-~ r.:.r.~ .. ~ ... _c :.-~, .... rut.or 

Jnu .__;_,_ccrical flow considi:;ration. 

:...r . ..ic-:: ..... 

pro,:i~:- • ..!._:; s;J.::cially str'"ngth at E:levat1::c t_,.1p_r::::t...:rt:.:s. I . --
,..... ' ,... ' 

1.-- -- .., __ ~...i.. 

' ' \..n .. :... r-. ....;_ 

conJuCt..!.v..!.ty, !.:L.ctrical rc::si.sti.vity and !:;trt:ngth. ::,uitab.J..c.. r;,'-t'•~-' -.,_.:.-;_ 

and a .;.E:.sin matrix dc:t:.:rmim.s o,.;finitc.ly tn ... ..:iuc.li.ti.1..s of th_ cor;,,_,;:: __ (, __ :..1c 

~ffoctiv._ mc:thods of impr::ivin.,; th1,; bonding forct:: i..tnd intt.rlamin.;r 

str ... ~9th bc..tweun the fibrL and matrix ~lay important rol~. f l. v ....; :-i_ l. - • " -

of surface trcatmunt nam-ly ~hisk<.:ring, oxiu~ti.on (dry and wet) ~n~ ... Lc, 

monorrol~cu-.:u layer wt;rt.: discusseu and wc;ttin'=i .:iff 1..Ct<;;d by this tr. ___ t .;r -;. 

dnd , .-; cri.x is 'J pr::..cLJndi tion for com:Jlc:t'- struss-transf._r and eff .ic.1.-nt 

tr.n~.J..~Ll.~n of fibr1.. ~roµ ... rti.~s into tn~ composit ... , it i~ im,Jortant t·_;t 
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.iccorn:..s me.er..: aifficult the muri.; graph.it.le is the; f.ior1;.. 

r.1ust als0 not di=stroy th..c f.ibr<. structur"' in th..; s•ieath. The i.ie;t =~,c. =r_. 

oxi..:Jci:..lon is norm<illy adoptea, however thi<: dry ~thJO ;,:iives very· l.:.--·

ac~~.ity due to tnermal d~com,.;osition of the:: surfact..: yroups but w~t ~A.l~~ticn 

is .i-.J~ .:=conumicolly feasible if aonc:: for lon;i.::r duration. Som.: rcsw.;.t:, ::rn 

J..ncr .... ;:;s.., in ll~.::i ano flexural str~nytn have be..:n inoicat.:d as a rcs:.....:.t ..: f arJ 

un~ w"t oxidation, th~ latter b~.in9 more cffc:ct.iv~ as fdr as ll.tJ is 

;.,;Sc of caroon fitir .. ana pyrocaroon composite:.~ ci..: :mr::J..ant ~.a\.;..ri.a.ls ~as 

ma cie. .;£1ntal im,.;1 2 nts were: mad<:'! an.:i insr..:rtcci in rnun..:c..i s ~ 

mastic~tury load for 2 years. Tnc finE.: Renm..::n surf~c'"' (r~.SJ =-~· ::~ used as 

artificial replacement of thr..: skL;l1::;tal a..:fect tnat n~c....::, ,~.·- --- -tt~::hrnc::nt 

with livin':::l tissucs. Studi..:s on ma':)nr:.to n.sist<:inCL .:;f r:_,;: ;_·, :i.:::>r- .. ·Cv.J 

comµos.i.t_:; ..i_;;;-_ madi.;. 

Haman microprobc 

monitur s2par2ting the 1::1raiJhl.tisation of tr»c; met.: ix _.nc. enc. J>._.-.::'-L _,;.e 

obs1o.rvin::i any influt.:nce or int;.:raction bc.;tw .... on c.11_:n, 

Anothc;.r im,;ortant sourcL of carbon matrix :n t»._ c.:.c:-ian-cu..-bon 

cun"Jusit._s is tnc;. pitch (coal tar, p1..trol'"'um ur syntnf..tic). :J..;vt..r<..l pap ... r s 

conn:;ct..:d with pitch proc;;:ssing ,modifications (by cn~mical or physical rr01.:..insJ 

0~u r~5ulting ~tructuri.; wt;r~ pr(.;s~nted, Nol~ of m.:.sophas~, its nucleatiun, 

yr::i..ith, co.:ili..:!:'cencJ and aliynment wer~ hiyhlifht'-'d in lar~t. numb ... r of f.l.Jpi;;rs 

CJnu :1:iw th._ micros.-,ructuri; of th..: ootrix is aff(::Ct..:.d, th(.;ri:..by muw.ifyin.,, th .. 

mc.cri.:1nical prO!](.;rtit..s of th-. com,.iosit~s. Th~ ,.;ro 1 .. i..r tii.. s of th.: "1c.; sop ti a SE: 



pitch such as l. ts mol~cular structure, mcsophase cont.;;nt, 11J..;.;.._c ... lc.:r w~:i.';;lht 

distribut~on ani rheological properties play important rQle in Je~~rminin~ 

ti1e stren1:1 tn of t .1..: car ban-carbon linkages in the q~mpo site. lJ se:: :: f 

"" petroleum µitch/cual tar was niade to develop ~ystallniiy tu th~ caroon ,,. 
matrix to iF11Jart hi~h modulus tQ the 'gmposite, In the case of coal tar 

pitch solv;.:nt fractionization anQ 5epo.retion Qf QI were done at a fast 

coagulation rate to assist filtraticn 1 f>it.;hes from synthetic materials 

were made an~ u~velop~d into me~gpha~e pit,h. Eff~ct of pressure on 

carbonization yi~l~ of pitches ~nd reains such p~lyethylene, polypropylene 

PVC, ~VNO studied and the caruon ~pherule~ examined by ifM. Th~ role of 

~I in the cas~ ,Jf coa.i. tar pl. tch was !j.tudied in detail. 

~J .. role on coke strength, tempt!rature of mesophase formation, 

~~e•...eeeii*"! were important for carbon-carbon CQIJ\..lOSl.tes. r~sophdse 

formati~n was stuoied in polynuclear aromatic compounds. The viscosity 

of the mr:isophas.: contro.li6 tht; orientations of thi;; mol&cular consistuents 

on the fibru interface and larg~ optical t~xtur~ matrix carbon r~sults 

from low viscosity mosophasa. Carboniz.:ition uno""r iJr ... .::;surt.: or i.:s.; of 

high viscosity mesophast. precludes tht. parallel or.i.1.:nt...iticn uf th..: matrix 

carbon in th~ comµosite. 

Uisclinations are ess~ntial featur ... s of tn.:;: micr~--stn.:c .... ur1;; of 

carbon matrix cor\l)osition. They ar1introduc~d in th"' for".1.:.·~i.rn c.nc; 

duformation of the carbon~coous mesophase a discotic liqu~d crJstal. The 
~ ~ 

properties ~l th~ composites depend upon the microstructur~ of tn~ c~rbun 

matrix an~ disclinatio~s ar~ expected to play im~ortant rol~ in prop~rti~s 

-----' -- ------..L...L.-;--------'--....._ ____________ .....,. __________ .,... _________ _ 

I I I 
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sue~ ~s fr~ctur~, graphitisability and th~rmJl ~xp~nsion. Usually ~n- cra~k 
cr:.;ck s 

formJ .:.ion follow th..; basal planes b..:t s.Jm...i_do occur normal to the. f;l.:;n._ 

1:-:y .... rs. fn:o; disclinutions pre.:st.;nt in thu microstructurt:: in th<;; ~SJ ,:in...;s-. 

contriout~ to crack blunting, crack diverting ar.d ~n~rgy absorption wnich 

work in high fr~ctur~. 

,,;:i c stug~ microscopy has b1;:com1:.;: a powtrful tuol in studyin9 rri..;s.J~h::.s ... 

nuc.1£f.i.ti.Jn, growth, coalesc~ncu and app~arance of bulk rn=sophas~. ThL 

decr .... ;;;s"" of visc;.isity ::::ftcr passing th(;; t1;;mp .... r..Jturc. of intcrmudiat1;; maximum 

C3n b;.; abs'-"rved in situ. Th ... rc is forrl\3tion of h2lo ,.f srrr:.il siz-.; (in trii; 

cas~ .Jf ~c .... n::.phthalL:ne). 

Mt.._ particles surrounding ~ spherules of ab...iut S1... )J.;. -ct 

as barri~rs for further coal~scc:nce of big spherul:.;~. wr. J..c. f:JJI:- :;t=-~e; 

microscopy is usuful for study of oynarru.cs of m...;sophas.: '.vi>'-"~ ... ;:.n._rE; .::rt: 

Certain expt.:rim .... ntal ciifficultic;:s such <IS surface.: _ffLC-~ .Jf mfl.i.tS, gas bubblE; 

formation, th.;rmal convtiction, cond.:nsatiun uf thi;:; v.::.µ;:iurs ;;,,nJ ov ... rhc:ating of 

th~ microsco~ic L:quipmant. 

Ch ... mic3l tnwt~nt of pyrenL:s and simil::;;r C.Jon,Jounus such as hydro-
01.:riv...1tiv<Js 

ycnwtC~ Lar~ fwund to affect various rol~s uf e~rly c~rbuniz~tiun impruving 

pitch yi~1d Ond r~sulting anisotropic carbon. The b~huviuur of tn~ an~sotropic 

li4uid crystal darived from hydrogenated pyr~n~s w~ru stuoi~d in tlrms of 

solubility, fusibility, and r&onstructiun ir; t~u racrysto;llisation procc.:ss. 

Us~ uf fri~d~l ~raft re~ction using Alcl
3 

has b~~n mcide pruducin~ ani~otr.Jpic 

C<;rb1.Jns. Tn.::rc is ~ffect of c:itoilyst arnwunt, ri..;f.J.uxin\:j, fruc.:.ionizc:ition 

and t~mp~xatur~. Th~ optical textur~ of th~ carbon is dependent upon th~ 
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chi.;mic:..:l composition of th1..; par..:nt car~;:;n.:c..;..ius P=--=---·s...;.:::, 11_"tin'=' conuitions 

ana su un. i=>ynilysis c:hemistry of pitch is .::f im;:i:::irtanct:: u.Jitn ri.:s.,:>..;ct to 

~sophas~ form3tion. Hydrog~nation of th~ pitch ~nc its c4roJniz~~iun is 

associ~t~d with hydrogen trqpsf~r reacti~ns (hydru9~n ~huttlin~) involving 

transf..;r of hydrog~n from pitch to reactivl:! raoicals in th~ carbonizcltion 

proc~ss~ the hydrogen transfer occuring at the uarly stag~ of caroonization. 

Stron.;i Lc.:uiis ,;cid p4ooote.t hydrog..:n transfor and results th;;: fri.;c.: 

radicals stabiJizution to cre3tcJ the circumstanc~s in which th~ mesophase 

d~v~lopm..:nt is enhanced. 

Pitch fibrt:: has gainc::u rro~ntum in th.:. past 11.J years. r·L::soph.:is~ 

pitch fibre is th~ formation of structural ~nd pr~f~rrcd ori~ntativn carbon 

fibre from pitch. High perfurmance continuuus rrultifilament fibres from 

pitch r ... "iui.r..: consid;;;rable input and skill ano the stage is still far from 

trivi~. ~e..vcral factors control the succuss of rn.;sophase basud pitch 

fibrts and th~y ~r~ - (1) Us~ uf pr~cursor pit~h as capabl~ of forming 

lar9c.: ciumoin rn;;;soph3se, (2) casi.; of coaluscc.:nc~, (3) sp--~uing up :inc 

unh<.incing uniformity, {4) no ash or infusibl..,; solios. Tn'"' fibre.I! con 

achiuv.; high strcm::1th oop .. mdi.ng upon v::irious typ~s c.i-i st..:-uc: :.ur.;l u~f--cts 

pruduc.;.:d uuring proc..:ssing. Thus pitch fibr ... s ..ii~n h._,,.1 r:'.J-ulc:is o:id high 
b ... 

stri;;nyth .:;r-.: possibli... They <:ir~ likuly tuL,11..ss C.JS~ly. C. .r."m-c-rbun 
bos~d on pitch hove scope 

compositcsLin outer spac~ as th~y have liyht wuight, h.i.yh ~tiffn~ss and 

strengLh b ... sid..:s high thurm<Jl conductivity anci low CT~. Fu1 pussibl~ 

ap..ilic2Uuns of intcrcoilr:ted wire, high ..:luctric.:il cunductivi ty, lJw C TE 

and gr<iph.i. tic charactt:r art. main considor<:itiuns which ma~ m--sJ~has:.: pitch 

I I I 

I 11 
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,Jictur._ 

bas ..... u fiort.:s tn~ pr~ferrud chuicu. Thus ~ rwsj :L 

pl;:ic...: of p,.:..,_ fibres frir composit.:l 111<3t~ri;:ils has bi..;..cn prc:s.::nte~. Tni,; Union 
-.,,. 

Carbia"', USA is making half"million pound pitcn fiarc;s/3nnuT,. 

fnt.: Confer-.:nce was attF!nded by Pr..:if. Otani, t-'rof. Fitz~r, Pruf.f'i;irsh, 

?rof, 3ragg, Prof. Mrozowski, ?'rof. Ounn""t, .=~of. Whit ... , Dr.L • .:i. ;;iin~t.:r, 

?rof. Bo~hm, Dr. Kullay and s~vcral oth~r top carb..:in sci...:ntists. 

Anoth~r important feature of th~ carbon symposium wa& the r>ost~r 

P'YU~ 
Swssi.Jn w;.t.:r;.;in display of sGvcral ne:UJ\:lr carbon artif~cts was il:i::!p:i:ac_::J by 

se::ver:il rE.sL.;arch and industrial organizations. iJi:.;c.; ... le cok~ from cu.:il tar 

pitch with characterisiics sup~ri~r to th.:it made from p(.trol~um basud 

mattirial was on~ of the:: most important itwmtf int~rest to us. l"tsdE:nsity, 

strength and thermal .:.:xpansion as woll as el~ctrical resistivity velu~s were 

batter ~nd so it could find oxtensiv~ us~ in pr.:.i~uction of hi~h 9rrperage 

'dr~~ ~{~ctr :i::i...:s. "fht.: coki;: was produc..:d cumm~rci01lly from solvt:nt 

fractiunizotion of coal tar pitch. Othi.r it.::ms of int ..... r..:s1 ~r~ c.:.intinuous 

silicon fabr...s activat..:d C'3rb•.Jn fibr..:, no;:wcr typ(. of gl~ssy r:arb;;ms (b ... ads), 

supr~m ..... c...,k._:, isotropic grCJphit...!, kish graphit;,), c~rbon spr .. :igs "Jnc:i s.;:vt;.ral 
such ·:JS 

otli..:r it...:ms_lrel<:1t'3a to int<Jrcal_ tion, whisk..:rise;tLm .::.ni:; s.Ll .c.m fl.or ... 

r~infurcud co~osites. 
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-, 
<.. VL:If rJ TO~AY t1ESE.P,riCh Cti .. TRE 

Sum..; n~w upplications of carbon fitr~s and vdriuus charact~ri"_ti.Jn 

• 
tcchniqu'-'s for precurs...ir, c.:irbon fibr~s anJ composit .. s wer1.;; discuss ... ~ ;.n 

depth. They ar<; intC:re:stc.;d· to collabor.:itc with us to study the CQmp.Jbbi.iity 

of pitch matrix with thwir fibres (PAN basud). Loudsp~akor, speci0l fior~ 

-'IA-f-Mc.1.."1~ 
cloth which ~ivcs less porosity compared to norm~l fibr~~ A prcp~g m.:irL tnan 

PYP U"'1IJ oMf "'}-~ ~ ~ 
1 rn._~'-'r w:.is olso shown. 5o this shows thut h'-'~vy wt possibility is th-.;r;; 3nj 

~ 

r ... 4uire..:; engin..;~ring .:;no ... avour. 

hs11in,;, spCJrts and other industrial oppliciltiun~.;. 

3. ~'.l? .. Lf:_Tu ric::SEARCH INSTITUTE OF lNOLJ.JTrH . .:.L .:iC I....r.:1::., J.:_, . .J• TY 

Prl.lt. /\l.ichida ond his group ari,; cunductin~ c .. msideytJ.b,~rruun~ of rl &. O 

work ::in SoiWPlysis und froctionizati .. in of c~1 bon:...c..,_,ut: rt1.:it-L __ _;_,., including 

couls, pitcn..:s, synth;:.;tic pitch..:s and bl;;;ricis. f·Ls.:iµh.J:;..: i..J. v-~ . .J;Jrri.mtin 

hydropyr.,n~s w .. 1s studiud using twchniqu.:;s uf ...ipticJl r.ucro~ .:i._iy wi~h hot 

stagL. urrang1:..rn.:::nt :ind Vid1..;o Rwc..irc..iing .Jvwr .J 1-v scr._;;..n. Ci~_:.i.in.:iti.:ins w...:r1.. 

visible and th~ir align~nt as w.:;ll as farmativ~ was rl.l.:it~u tw c~n.:iitions 

or proc~ssin~ ond naturu uf p<:irunt cumpounus. C3rbi.!nizatiun tc.;chniqu<.;s using 

m~tal bath were simulatud to those of d~lay~u co~ C~kin~ was uonu in u 

0 
m~t~llic bomb upto 6u0 c. The pitch fractions wer~ s~p~rat~d frLJm solv~nts 

and st..cuctural dovi:.lopm.:ints in C1.Jk12s form..;"- stuJiud. l.Js..;. of C3 c.c:1lysts for 

£;ri.lphitization of carbon fibres and thoir influl.lnc~ on m-.:chanical prup~rtir..s 

w:is inv..ist:..~ated. f'bst cf thCJ woJ:"k rolc:itoi.J was donu on Sg - 1 Ug ~col..; in 

1; t I '''·· ,. •• l 

,, 
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Pruf. h::chida l;:iboratory using r;:;...ictiuns of hydr;_ig .. .:n;:ition and ch.;rnic ~l 

tr...: .. '.tm.;nt in pr...:s ... nc;:: of c~;:ilysts which affoct\.:d hytJrog,;;n transfwr in en ... 

r1...::ictiuns. 

4. VISIT Tu GOVt:RNi1ENT 11~JU:JTiHAL RESLMl<CH lr•.,TlTuTt. KYUSHU 

?ruf. Kobayashi and his rosoarch group ar~ angag..;d in a numbwr of 

carbon pruducts. The greE>n cokw was ground t;:i .::i f~w micron size and th..;n 

comp=ct...:d into ;:i p~ll~t which uos carbonizud and ~raphitisi.:d. Th~ cff~ct ~ 

quin-.;linii? ..:xtr .:iction ;;in strtrngth, dl)nsi ty and poru ::>it.:,' .J t t;i.: comp;:icti.:d 

p..;ll...:ls ini.Jic3tcd improvemunts. Thw rrurphulogy of tn_ c .... k ... ).Jwd..;r was .:lso 

t).fftcte-l by ~xtraction .:is obsurvud in Sc:inniny m.icr..:sc.-.pL.:. Qwin_lin ... 

---tu r~sult in porous structure hindi.:ring th..: dir..;ct c~nt_ct . 1 c~k~ p~rticl~s. 

Thus th ... sinte.ring is ciffect'3d ond densific;:iti .. rn :.;s w"'l.l. ::;:. str..,nyth is 

contrull"'d by quinolinc.: fr..:ction. IJ;:i bin..: ... r W'1S Lc;.;.c to Lr;n th..! p...:llcts. 

Thi;; eff ... ct i.:if boron carbon un gr.::iphitisation .Jn_. ;:i.-ns.J. fic~ci....r: ;Jn pitch cuk..; 

;:ind glassy carbun wus studi~d b.;.low th.- meltin~ puint uf ~;:irun c~rbiuu. 

TLchni~uws of hot pressing was usi.:d. Boren cL.strioution micrwstr~1ct•.Jrnl 
7 

ch.::ing~ and graphitising d~gr~c w~r~ oetcrmincd. Hard ccrbuns cont:ininy 

carbidi.?S of buron, silicon and titonium with c3rbon substr<ite we:ra also m.:;ioc. 

Studios on solv~nt fractionizatiun anu swlvulysis of cual an~ 

~sphaltlnt fractions wurw studi~u for aff~cting high rucuv~ry un a pilot pl~nt 

seal..; :Jnd structure of tho rusulting cok1..;!' wwr;.; 1.x.Jmill.!a. Thw solvLnt 

fr<]ction~ (,.Jyridinc) of cool tar pitchc::s w1..r1.. uswd to maku m..:suµhus..i pitcr. 

--- -----·--
' 
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us..;d fwr t.Jr:iwing th- c3rbon fib:' with iJbout 1La.Ju m/;:ii.nu~-· us- uf wast ... s 

such as volcanu .:ish wus m3dc to m.:ike rGfractory com,:iJs1t..;s. 

5. Vl31T TU KuA OIL, OSAKA 

Th-r1..: is an .Jctiv~ r .. s~erch group .:it Ku3 Oil, Osuk.:i. Thuy urL.. wrkiny 

on pitch""s, cokes and cok(.; based curbon products. fust of thL.. wurk is 

ralati.!d to heavy rusidues obtained from Arab coL~trius ~nd lnjon1.;;sia. Thu 

formation of nQcdl~ coke and pitch fibre from th ... p~trul..;um fraction is 

governed by s.;;v;;;ral fuctors such as thu viscusity of th.;; rr...:.~p !:·i. its 

~sphaltLn(.; cJnt~nt, m.Jlcculur weight fractions 3nci solubility cf th~ m.::sophase. 

Tii1.;;1r rn.Jin int(.;rc;st wois conc°'ntrat~c; in making c.:ik1,;s of lo~r th;;rmol 

1..;xpansion c.;..;fficiunt and thwr1..: was a con:i..lution butwcon th""rm.::il ..:xpansion 

co~ffic1L..nt of c~k~s and tt ~mal ~xp3nsion of grnphit(.; roes cnj thuir 

str-.:n·jth and modul~s occurs. Th..; l.:ibor<itory wos wwl.l uquippud for froctioni-

zction of pitch extracts from p'"'trolaum ri.::siuui;J .m loryer scal(.;s inclua1ng 

their ruc.:iv""ry. ~bor.::itory seal~ uxpcrimunts invulvuJ coKin~ thL.. r~siducs 

<it 6LwuC in twst tubrJs. .,D.:ti.!rmin<Jtion of CTt. .::t high ... r t":'rrpcr.:itu.c;.:s was of 

interc.:st to us. 

6. VbIT TU DC:PA-'HENT OF E1JVI~ONrc.NTAL HYLJL .. :H:., :;r1Tl1..Ji..-._ •• _) ruTL_ 

OF lNUU5fHIAL HEALTH, KA~ASAKI, TOKYO 

Or. Y. fYbtsurwra, a s·tudent of Prof. H. fak::ii;;;shi, i..; c_ir,.:;ucl;in!;l 

stucii~s on ~ctivated carbons using oluctrum~tric titr~tiuns f_ir study uf 

acid-gruups on activat""' carbons and their aJsorpti~n bi.!haviour vs ~urf~c~ 

' . . . l f . 'f . . h' h ac1di ty. rhc USi.l l.6 most y or aJsorption,..organ1c vupours in l.~ f;:r 
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cJnc_ntr<.iti:..ins. Surface grou...is WE.:rl.. form..:d by ui ... t ano dry llk;th..Jus. L!.<... _ f 

carb..in fibr .... was ulso mauc f.:ir making :::ctiv~ carcon but its bulky n.:..~u..:-- ne:c: 

::u. &U.t-
so m:; dr:iwb;.ick prohitin~ its wid~·spreud,...fur activation but wrk ir. ..,r.i' 

dirl..cti..in is guin~ on. The structurc:Jl dt;;v .... lo,.imfnt in carbons aff~r.t t1..:ir 

:ictivity ond this r~quircs furthl..r invC;;stig3tiwns. 5Jmt;l standard ~cti1~t1...d 

carbon s~rr,Jl~s 11JCr~ cull~ctcd tu com...iare thl.. activity with activateu c.:..rc~n 

fibr~s procussed at N?L. Th~ investigations of surfacw groups by aut.JmoLic 

titrations is w usl..ful t~chniqu~ with high degr ... ~ uf wccuracy anu fustn~ss. 

7. Jl51T fJ TOKYU UNIVER~lTY 

?.r..Jf. TaK::ihashi and his grl..lup are;; activ ... ly -.n'::)::.,;_ .... - n c:ltv.:..l..Jpm..:nt of 

C'Jrbon-c:irbun composites using m..;sophas1;; bLa"s .J f C.J:...- :.:::- - _ ~.:r, -::.n;.. 

p1..trol-.;um µitch. This givus som;;) porusity ,;.m pr..:ic ... ssin,_. _-id. ir· s..;m._ of 

a;:ulic:-.~i-ns 4 biumt.dic:::il n21tur-..Jbon~ ,.il.Jt.:!s sh..1ul...; h<.iv- som..: ..i..;rusity, 

~ 
Of c::iurs1.. .,this m..:thod may not,.of any us.:: for hip j..Jim:. bori_s. 1n-y or ... 

<;;m.:iloyin~ adsorption tc:chniquc.?s anu surfwc ... _nwr.,,y m~t:Jsur_rr._nts including 

h~at uf w~tting for r~latin~ surfac~ activity. ~urf~c1.. ~~u~i~~ on 2 ctivot~d 

CJrbons end c~rbon fibr~s or~ in prugr~ss. '-tirk un C3rbun-curbun co~usitcs 

is 0f gr~ct int~r~st as v~ry littl~ inf..Jrmation is r~µurt~d in lit~ratur~ 

on this m.,)thud. 
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8, VISIT TO GUNNA UNlVEHSlTY 

Prof, 5. Otani und his groups ore activ~lyLn~...;9~c in r~s'-'~rch on 
as 

varieties wf carbon products such£carbons f:;r bi.Jrn_oi::...:l , ,..;,.;l.i.c.;.it.:.. .. ms, 

corbon diaphrogm and el~ctrouas for fuels ct,;lls, cc.=::i-r.- __ :b ... ir1 c._,m,J...isites 

from pitch fibres and pan fibre inwluding toothin;:,L.:7.s, 1 _ .xi~i.:..:. s.:,irl.ngs, 

etc. The luboratory is processin~ synthe:tic rk. t...;r - -~' -- :' _.;; 1.;pht halene 

for making carbon fibres by sp.t'ikAj ~&h · r - - s.C:t:i ~ ...... r.r::..n;.Ec s,:iinning 

pruc1.·ss involves d~licatc pruc"-lssing requiring .:;trict" ccn:.:~l ..;f terrpt..!r<itur'", 

pr~ssure 3nd viscosity, Fibre spinning w3s c~ntinuuus ty~~ :~n:; th~ spinnet 

wos ~f orifice 0.03 mm. Chemicol tr~otment of organic c...i~~..Jun~s ~...;s donl..! 
for 

to m..-iki..: v;:iriety of pitchee /_ varieties of carbons. Carbon ir.ii-JLnt5 fur 
/ 

dent~l applications is ulrrost cofll)lete,studies on mesophas~ pitch, catolytic 
:§n. 

grophiti~ati..1n and c~rbon fihre battery are also in progress. 
~ 

9. Dl5CUSS101\J< WITH PROF. YOSHIDA OF TOKYO nsTITUTE Of TECHNuLGGY 

They ore moking composites using ph~nulic resins es well us ~i-ch'-s 

including those mode fr~m synthetic colT\.)ounds, Thu role cf th~ m~trix w~s 

particulcu ly explained b~1 Dr. Yoshida for ultimate purformoncc.: ..:if th'-

cumpQsitc, Us .. of carbon-carbon cofll)osit~s for biu~dicol anci sµ~c~ 

applications w~s discussod. It 111as point.;id out that pitch based cwn•,..;-':.:. ~~c, 

had tr~~undous scop~ owing to high t~lllJ~rature stability, fl~xibility and 

p~rh~ps low cost. 

M.;st cif thu orgonisotions visited wL::r-. -.qui,.J,.J ... C: with equi,,mcnts 

Used fwr ehoracterising both chemically and physicully thu raw m~turi~l, 
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prJducts ~nd co~osites. Even SJphisticated physical toals such FT(IR}, 

Raman spcctr~sco~y and high temperature testing were available. 

- - - - -
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