G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/




20

= llls

li12

2 [JLL flee




Ak K i R
7

N —

o
PROF. DR. ERICH FITZER Do Karisiche, Kaiserstr 12, Tel 07017651024, 6082100-21
Chtcinarivs vns Leiter Vovsiong Haydrplatn 5, Tel 0721/ 84363C
den Inenrtuts tar e Teohnik Telex: Universitat 7826501

Ader Unurersitit Yarieruhe

~

Karlsruhe, January 3,.1983
PF/ep ' 8 =
‘ REPORT _ _
on my mission to India L'ﬂmeS (JFWS?' BWMKJ./

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).

Schedulg:

My personal schedule between 15 and 22 December was realized

according to the previous planning.

The s~thedule of the expert Prof. Dr. DIEFENDORF, between
13 and 22 December 1982 was modified tecause of difficulties

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 programme and stayed in

India between 16 and 23 December.

All experts arrived in Delhi and travelled together with me

to Bombay and left from there. All experts attended the

Indian Carbon Conference in Delhi and the IIT Seminar in Rombay,
and participated in the DST meeting in Delhi on 17th of Dec.,

as well as in the meeting of the Technical Advisory Committee

on 19th of December in Bombay. The experts visited the insti-
tutions in Delhi but not in Madras, Bangalore, Trivandrum and
Baroda bncause of shortage in time and especially because of

the impossibility to get air reservation during the pre-Christmac

time.




Detailed Schedule:

13 Dec.

14/15 Dec.

i5/16 Dec.
night

16/17 Dec.

18 Dec.

19 Dec.

20/21 Dec.

21 Dec.

?1/22 Dec.
night

22/23 Dec.
night

Arrival expert Prof. DIEFENDORF

Prof. DIEFENDORF's visits to NPL and IIT Delhi,

attending Indian Carbon Conference

My arrival together with Dr. ZIMMERMANN at Delhi

Participation of all experts with me at the Indian
Carbon Society meeting at NPL Delhi W 1

Simultaneously visits of University gl::; é’I'ﬁT‘Witlh

expert Prof. DIEFENDORF and visits of IIT and

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

Participation in the meeting of the Technical

Advisory Committee at Bombay together with the

three experts DIEFENDORF, GRUBER and ZIMMERMANN.

Participation in the IIT Bombay Seminar on Recent
Advances in Mateiials (chairing sessions and pre-

senting papers by all of us 2y

.
. i il & o 4, I

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 ¢f the resin programme, present at Bombay.
Departure of eyvpert Dr. ZIMMERMANN

Departure together with Prof. DIEFENDORF

Departure of expert Dr. GRUBER




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 philosoohy of the participating institutions.

The presentations of the participants during the meeting of the
Technical Advisory Committee covered therefore the whole acti-
vities of the laboratories during the last two years, because
the Indian research programmes started two years ago basing on
the programme formulated three years ago. A special abstract

on the state of the programme as reported by the laboratories
and discussed by the experts can be seen from gemoPe™3T

The general impression was, however, disappointment;

firstly, 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 composites in

India can be expected.

Furthermore, the very active and critical contributions of

the experts present during the meeting of the Programme
Committee fortified the mostly infavourable impression, that
most participants have worked isolated on their special
programmes which were selected by the.selves, but a strong

cooperation to a common effort is missing.

As to me personally as General Technical Advisor of the UNIDO
contribution I have had the same disappointing impression as

I starte( my activity for this resin programme in september 1982.
The UNIDO support and therefore the UNIDO programme 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




1.9

2.)

4.)

cooperating institutions. There were ciuly 2 1/2 months between
that time and the meeting of the Technical Advisory Committee
in December, not enough time to repcrt on decisive progress

during this short period.

I was, however, very happy to see now in December 19682 that the

decisions made in September turned out to become successful:

All participants have tried to fcllow our advise to start

a better cooperation.

The experts which were selected according to the need

after the September presentation of the rasults, and which
were invited to this December meeting for givinyg criticism
on the usefulnes: of the problems treated by th=z various

institutions werce exactly the right persons namely:

Dr. ZIMMERMANN as years long expert in polyesters and
phenolics and active director in research 1laboratories

of Farbwerke HOECHST, Germany:

Dr. GRUBER as experienced scientist 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 the work done in the laboratories which

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

The equipments requested by the participants and mostly
ordeved already by UNIDO will improve the intensity and

efficiency of the laboratory work.

The study tours, performed so far, were extremely 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,




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 divergency instead of co-

cperation.

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

to distinguish between:

Main participants, - laboratories which centributions 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 programme.
Participants of the sscond category should cooperate with the

main participants in scientilic research either on the preparation
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 cther 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 the main participants of the resin
programme

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

of the immediate objection of this resin programme, as formulated

in tne 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 polyesters for glass fibre reinforced composites, and

the epoxy resins for advanced, these are mainly carbon fibre
reinforced composites. *

All evaluations of the research results on more specialized




resins must be based on a comparison with such standard
gualities used in the industrialized countries. As a consequence,
the first step within the cooperative programme must be a
critical evaluation of availabilitv of basic resins in India and
the information on their qualities and costs, and whether parts

of these resins must still be imported.

ONly on the basis of such a critical evaluation of the state

of availabili+y 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 mentioi.ed , 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 the above men-
tioned critical evaluation, but can be used as basis for it.

There do not exist similar compilations concerning epoxy resins,

rhenolics or other specialities.

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

to contribute to this first step within the cooperative

programme. According to my judgement these are:

SHRI RAM as specialist for polyesters

VSSC as most experienced mannfacturer of epoxy based
composites, and

NAL as selected institution for testing resins and
composites.

The list of main participants can be extended by CLRI as

specialist in phenolics, although phenolics are less important

as matrix Ifor FRPs if compared with polyesters and epoxies.

The cooperation between these four main participants shculd

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.




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 considerations.

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

Besides of tlLa2 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 tc 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
thermoplastacs,

PATEL 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.




For IIT Delhi it is rz:commended 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 Delhi 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 gualities us2d in the industrialized countries.

The following graph should explain the intended strong cooperation

between the participants. {see page 9).

Limited tasks for all participants until end of March 1933

Using the above basic ideas which are derived from the programme
objective and the critical remarks ai.d suggestions of the experts,
the Indian coordinator, Professor BHIDE, has prepared some very
limited tasks for the participating laboratories and asked them

to report until end of March on it :

Immediate limited tasks for NAL, Bangalore

The central institute for evaluation of the results within this
cooperative programme is NAL, Bangalore. The special task for 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 f{or selection of the resins and advise




Responsible for

advise in selection and
'\——————- processing of resins

Exchange of experiences on

(———‘7 chem. analysis and synthesis
of resins
\ tlelp in scaling up Responsible for

r'—:::gtesting and judging of

developed resins




5.2

5.3

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-
chanical 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 emission.

Immediate 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

composites.

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 quantities .or testing the pro-
perties by NAL. Strong cooperation between SHRI RAM and
NAL for the best method of preparation of the sampies is
precondition for this time limited task. These results
are needed for decision on eventual scaling up of this

development.

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

itself should not be continued at the moment.

Immediate limited task for VSSC Trivandrum

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

inforcement and advise of NAL for preparation and testing




b)

c)

d)

e)

of model composites.

Concentration on the development of the curing agents

for epoxy.

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.

The work on polybenzoxazoles which are very resistant, but
difficult to process in fabrication of composites should

be stopped.

The results of the work on surface treatment of jute must
be evaluated and should not be continued until the

economic justification will be confirmed.

5.4 Immediate limited task for CLRI, Madras

a)

b)

c)

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.

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 products

from non petroleum sources for application in composites,

Proposals for special economic applications of resins
based on cashew nut shell liquids in non composite industry.

5.5 Immediate limited task for the other participants

a)

PATEL University. This institution must concentrate

on evaluation of the properties of their furan based
resins and on getting some information on the economy of
these resins. Without such an economic justificuation the
work on matrix resins should not be continued within this
programme, but more economic applications of these special

resins should be proposed.




b)

c)

d)

e)

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 consgult VSSC on the further
improvement or 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.

IPCL Baroda . This industrial laboratory should not

continue systematic work on filling of polvmers with
different fillers within this programme. They should

select some special polymer products from the large list of
commercially available products in the Western world.

They should try to reproduce these typical qualities.
Development, however, should b directed to fitre rein-

forced thermoplastics.

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 ocomposites in orthopedic hospitals.

University of Delhi. This University Institute, 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 possibilities to join NAL in

measuring of some basic physical data on composite material:




Tentative Schedule for further activities

a)

b)

c)

d)

The next meeting of the Technical Advisory Committee is
scheduled for 7, 8 April 1983, most probably at Delhi.

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 wvisi. University of Poona (Prof. BHIDE) at
the end of this visiting tour and before the meeting of

the Technical Advisory Comiittee for discussions with the coordinat

No study tours, no treining and no new requests of apparatus
will be accepted until the next meeting of the Technical

Advisory Committee in the beginning of April 1983.

Immediately after this next meeting of the Technical Advisory
Committee the first study tour group (under the guidancé

of Prof. BHIDE with two or three colleagues) should start
beginning with Japan and ending with Germany and UNIDQ 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 perfcrmed 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 written
confirmation of their availability (because of the problems
last time) should be in hand of the Chief Technical Advisor
end of January 1983 already).




7.4

Performed study tours

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

Japan was ver: successful. Their report is enclosed

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

report successful. A written report is not yet available.

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 cooperative

programme.

General conclusions from these visits:

The visit in Japan was well organized and satisfying in any

case.

The visiting programme 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.

Future experts

The Indian coordinator expressed the need for the Indian
Institutions to have some experts who can stay within the
lakoratory at least 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 polvester 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.

During the April meeting the request for future experts will

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

Mesophase formation in pitches

R.5. Diefenderf

Rensselaer Polytechnic Institute, U.SA.

SESSION H
B. P, Singh

Relation between the softening point and the
glass transition poiptof pitches—(H-1)

M Sakai and A Inagaki
Toyohashi'U/nivcrsi(y of Technology, Japan

Charac. rization of Indian coal-tar pitch for
use in Carbon-Carbon Composites—(H-2)
M.K. Sridhar, P. Kanakalata and B.C. Pai
National Aeronautical Labe. atory, Bangalore

Use of petroleun coke in Aluminium
industry —(H-3)

M P. Whitakar

Great Lakes Carbon Corporation, US.A,

Coal char and purification of Mine etRuents —
(H-4)

F. Joga Ra», S R. Das and H.C. Nandi

Central Fuel Research Institute, Dhanbad

Structural changes of the Carbon and
Graphite Industry in the Eighties
Karl Maier

Voest Alpine AG (Linz), Austria
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Carbon—Carbon Composites

E, Fitzer

well as additives to the binder and impregnation pitch for crosslink

comparison.  Finally, the effect of graphiiization as interimediate and final process step will
be discussed.

age will be reported in

For re-entry application, impregnation with oxidation resistant substances is applied,
as will be shown. On the other hand, final resin impregnation leads to composites with

hybrid matrix, which are a completely new material group with mechanical propertiee,
University of Karlsruhe, West Germany similar to those of CFRPs,

Present and future application possibilities of both, carbon carbon as well as carbon

Carbon fibre reinforced carbon composites are “all carbon” materials. Similar to polymer hybrid materials as in automobiles and as biomaterial will be discussed.

* classical carbon ceramic materials (such as graphite electrodes} they consist of a filler
- -

rt, that is the fibre network, and of the binder carbon. Only endless fibres are used and
~tiy m two-or three-dimensional arrangement, thus reprepresenting two continuous
wvtral phases for the binder as well as for the filler part.

CFRC-materials combine the outstanding high temperature properties of

‘vzranular graphite materials with those of carbon fibre reinforced composites,

~refore, they became the unigue material for heatshields and nose cones in the space
fnwlogy and as nozzle material in solid fuel enginez.  The reliability was repeatedly

~nonstrated during the spectacular space shuttle landings.  The literature on this

ierial, however, is limited because of its military importance,

The paper describes the two methods for fabrication of such materials, the CVD and

~liquud impregnation techniques,  Results of sysiematic studies on the process

ameters for fabrication of UD (unidirectionally reinforced) model composites according

“he liquid impregnation technique will be discussed in detail.  Most important is the

‘wtion of suitable fibres as well as hinder coke precursors,  The effect of adhesion
ween fibre and mawnx precursor is different from that in fibre reinforced polymers

2use of the stresses built up by the carbonization shrinkage of the matrix,

As final densities of the bulk material are achieved by multiple liquid impregnation

! recarbonization treatments, the pore structure of the primary binder coke controls the

~ Limechanical and thermal properties of the compuosites,

- Pitches are superior as matrix precursor as compared with thermnosetting resins, but
4 high pressure carbonization in order to get high carbon yields. Several resins as

{xLiv)

b 3.171?0/%4/3
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Transverse Thermal Expansion of Carbon Fiber/Epoxy Matrix Compoasites
J-F. Helmer and R.J. Dicfendorf

Materials Engincering Department, Rensselaer Polytechnic Institute Troy, New York 12181

The prediction of laminate properties fiom those of constituents is an important
aspect of better understanding overall composite behaviour,

In order 10 achicve this goal
utilizing micromech

anical analysis, compoysite constituent properties must be modelled in a
more detailed manner.  The transverse Propetties of laminates, specifically coefficient of
are critical in a variety of applications.  While the axial properties of
fibres alone and in composites are both predictable from theory and are easily measured,

transverse properties, particularly ol anisotropic fibres, are almost impossible to generally
predict and dithiculiies arise in experimental measurcmnents,

thermal expansion,

Physical properties of several
anisotropic fibre types were siudied 10 obtain property data and 1o clarify the effect of

structural anisotiopy has on fibre properties.  Composites of various filament volume

pereents were measured for thermal expansion by a pusherad dil
coetlicient of thermal ¢

constructed,

atoineter and a plot of
xpansion versus corresponding volume for each iibre type was

From this u value for the transverse coetlicient of (hernal expansion can be

extrapolated.

(xLviii)

Mesophase Formnation in Pitches

R.J. Diefendorf
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A 2-3

RESINS AS MATRIX FOR FIBRE REINFORCED COMPOSITES

R. ZIMMERMANN

HOECHST AG. WEsT GERMANY

manufacturing processes and ¢xamples of application are
described. The applied properties of unsuturated polvesters

as a function of the molecule structure are evaluated by mcans
of several diagrams. Finally, the importance of aramide and
Carbon fibres gas reinforcing material is described,




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 commercial 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
curing without requiring expensive ovens or other heating equipment.

The epoxy resins are the classical matrices for high performance composites.
As a conseruence of the o0il 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 calculate composite structures.

One of the most important characteristic values for such calculations is

: the transverse tensile strength of the matrix resin on a given reinforcing

L fibre. These values can now be determined by routine.

Y For composite parts of engines high temperature matrices are required.
: It is shown that some EP-systems did resist 1800C aging in motor oil
during the whole life span of a motor.




HIGH TEMPERATURE MATERIALS

E.FITZER

INSTITUTE FOR CHEMICAL TECHNIQUES OF
KARLSRUHE UNIVERSITY

WEST CERMANY

‘ The paper describes research in Karlsruhe on high
temperature materials for the temperature range above
1000 °¢ 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 resistance against attack by sulphur,

alcaline and vanadium oxide. The report includes description

> P PR

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 silicon carbide
and silicon nitride bulk materials. The possibilities for
reinforcement by fibres will be discussed.

A new material with the highest oxidation resistance is
M0812 improved in its mechanical properties by means of
reinforcement with niobium wires. Its strength, fracture

and oxidation behaviour will be presented.

- page 2 -
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Finally, results on and limits for fibre reinforcement
of oxide ceramics (A1203, mullite, Sioz) 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.



Enclosure 3

The reports of the participating laboratories and the

discussions during the meeting of the Technical Advisory

Committee 19th of December at Bombay.

1. SHRI RAM Delhi, Dr. DABOLGAR.Dr. Dabolga reportet that

standard polyester resins (UP resins) are already manu-
factured in India. The SHRI RAM institute itself is
experienced in this field and has given some 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 anhydrid) 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 lastitute 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 SHRI RAM
Institute, the sample size was too small for preparation

of representative laminates. Dr. DABOLGAR was reporting

that chemical resistance tests were planned. Dr. GRUBER




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 Western
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 qualities. Dr. GRUBER
( H,0)
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fillers may be used (if there is not a limitation by

proposed Alzo Both experts pointed out that when
increased viscosity of the mix) this would be the cheapest
way and also has the advantage of low toxitity. Also liquid

phosphor containing additions should be considered.

Dr. DABOLGAR reported furthermore 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. VvSSC 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 tri 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 Switzerland) .

Thermosetting polyimides

The scientist reported on the preparation of additional
polyimides, the recent synthetic routes for polyimides
synthesis, which used preimidized short molecular segments
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 sacrified.

Especially itaconic anhydrid was used in the experiments.

Tt was reacted with p, p-diamino~-diphenylether under

suitable conditions to get bisimide which is a mixture




c)

d)

of approximately 90 $ bisitaconic imide and 10% biscitra-
conimide due to isomerisation. This mixture of bisimides

was reacted with p, p-diaminodiphenylmethane in DMF under

certain conditions to obtain a solution of low molecular

weight polyamino-bisimide of itaconic and citraconic moieties
The tentative test on thermostability and processibility

are very promising. Especially itaconic acid has the ad-
vantage to be locally available to a price comparable to
maleicacifanhydrid.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).

Polybenzoxazoles

Polyberoxazoles 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. CRUBER, 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-

tinued within the UNIDO programme.

Liquid anhydrids

Liquid anhydrids are curators for epoxies (hardener).
The representatives of VSSC reported on the synthesis of
dodecemyl succinic anhydride from lauryl alcohol by

dehydration through a heated alumina colomn, giving pre-



dominantly 1-dodecene with some quantities of isomerized

branched olefins and short chain olefinesdue to cracking.

This mixture of olefins on reacting with maleic anhydride

gives liquid anhydride having the boiling range of

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

presence of amine catlysts. 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 hardener gives a heat destortion
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) BF3 ethylene diamine complex.

Also this complex is a commercially available CIBA-GEIGY-

product namely the hardener HT 973. BF MEA complex

3"
( monoethylamine) have been prepared by VSSC starting from
BF3-etherase solution and monoethylamine. Since the reaction
is highly exothermic, it is carried out at subzero temperaturc

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

sphere is maintained.
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The expert Dr. GRUBER, 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 cpinion of the expert, there 1is

no reason to reinvent such an accelerator.

Development of polyurethane adhesives

Polyurethane adhesives were developed for bonding of glass
epoxy laminates. The cured laminate has larage concentration
of hydroxyl groups which will be gquite reactive with
isccyanat 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. Tentative testing gave the following
bonding properties: Fibre glass t fibre glass laminate

6.5 n/mn?, fibre glass laminate to aluminium 5 N/mm’, fibre
glass laminat to mild steel - 6.5 N/ m2 , aluminium to
aluminium - 8 N/mz. The expert Dr. GRUBER reported that
tensile shear strength of commercial products range from

14 to 25 N/mmz. 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 work as a good
idea that establishment of adhesion development laboratory

in India is advantageous as compared with imports from




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-

oy

be

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 treatmens is the surface
coating of the fibre with reactive polyners 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




the result of this comprehensive studies on improvement of
jJute. 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 surface
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 surface 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 petroleum séurces. Especially, on the suitability of a
phenol (cardanol) from cashew nut shell oil (CNS-0il) 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 Farbwerke 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 representatives




were insufficient in quality. There was the surprnsing discussion
between the CLRI people and the experts, that even in India

CNS - oil 1is 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-o0il derived phenolics, and also to give
proposals for more advantageous use 0of 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 1India, 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 disussion, however, it came out, that furfural costs
even in India 20 - 37 Indian rupies/kg, whereas phenol costs only

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

the world market. Dr. ZIMMERMANN, however, reported that there




exist many special appliamtions 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 maerials was presented by Dr. SHARMA. They

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

37
PET and PBT and Nylon 6 with shopped glass strands. The expert
discussed whether filling of thermoplastics is a subject for

a composite programme. They recommended , however, 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. l reccinmends filling with

chopped glass strands , 6 mm length.

The expert Dr. GRUBER also warred 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.




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. ZRE2RER, Institut fiir
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 resistant 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 polyimides . Expert GRUBER pointed out
that any work with benzidine must be stopped immediately, as
this 1is one of the mo« 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) Polycondeunusation - polyimides based on reaction of a
diamine with dianhydrids (PMDA or BTDA) (PMDA = pyromellitic-

dianhydrid). The msults 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 programme and should not be supported by UNIDO

simultaneously.

Thermosetting polyimides based on bismaleinimides (BMT) .
The basic idea is to combine this with amines in order

to reduce the brittleness of the bismaleinimide polymers.
Such commnations are available commerciially 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 1)

could be independent of Rhénc YOULENC Patents .

First step , however, should be the pro-
duction of the triple amines. He again proposed to use

this combination mainly for electrical industry and for
applications where low thermal expansion coefficient
is needed. The expert Prof. DIEFENDORF acknowledged 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 have the
greatest impact on the Indian economy. In general, these

materials would be large volume general use resins:

but not speciality resins.



He agreed with Dr. GRUBER that although the primary goal
is the development of resins for composite laminates, 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. SETd

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.

In the Western world carbon/éarbon composites are applied

with bulk density between 1.8 and 1.9.

In agreement with Professor DIEFENDORF I pointed out the
néed of optimization of the impregnation pitches and the
fabrication proccesses. We both also proeovosed to fabricate
sample materials with several arrangement of fibres (UD,
2D and 3-dimensional reinforced). Finally, especially
Professor DIEEﬁNDORF 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 1is




directed to biomaterial, the mechanical properties and
especially the modulus should be improved and very precisely

controlled.

NAL Bangalore

Mr. SRINAGAR reported, that some resins obtained from

VSSC as well as from SHRI RAM were tr.=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-

sance 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 supported 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 gquantities 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 instruments.

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 perfcrmed 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. NADKAMI

This instution 1s 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 f£ind out, what
special combination Dr. NADKAMI 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 tco 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
kﬂendszue inpractical application. The expert Dr. ZIMMERMANN
mentioned his experiences in HOECHST. 10 chemists worked

sig years long on the blending and alloying of polymers

and produced only two new products based on polymer alloys.




Also in my opinion , this task of blending of polymers
(polymer alloys) can be excepted within the resin programme
only , if the participants will identify an intended end-
product, then establish a product profile and after that
try to matchit 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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composites materialshave beun made use of fur sazving encrgy in the f.€. o
of space €ngincuring as aircraft breaking shue matcrial having lOm,&PCr;f;c
ug;aht, excellent refractorinzss and high strength, friction and .ozr
nropercesey of the composites were determmtd and micruscructure of toc
matorial .xamined. The carbon-carbor compr sites welc M3uz from coroon

fiore 2ioth and phonolie rosins gaving heat treatment oven uto 2buu L.




D

Carban (graphite fibre) cpoxy Compusile Iiag s wulo 7sdc f_o: uss as
] ¥ =4

retaining ring for generatcr applications. Tre roLe_ i1C Z27.c dIcschu
soveral problems nmameiy - (1) size 1imie AR To ool 7 ame -T2T. L silress
corrosion cracking, and (3, stremgth/size rotic. T toxs -5 ey Tlhgs
4Ic auvantageous over metallic rings. J@8tz Icw@isaf. 4Lo - - TaNg35 nave

boeun pr_cunte:d payinyg particuiar attention o rinmg .io.Co 7 I L. XUOT
3nu ci.cirical flow consideratian,

rorson fiber/glass like carbon COmMpOsiles --T& T3ac .51 o dg”
Mmoo ..~ Ah. based fibre and furfuryl slcohci haviry high sociendct.
Prop.r.i.3 specially strength st elevatec t_opirztirese 1. L. TLoI i
degenuoerice of the material was sxamined from measurements of Lnormol
conductivity, clecctrical resistivity and strength.  Sultabic fclnios wosl
adentud to measure the propertics.

lﬂ 4 conaosite, the degree of combination that MixeS tne Casdon Tibre
and » :csin matrix detormimes oefimatcly tne gualitics of the com.c..t.
o ffective methods of improving the bonding force and interlaminar oo
strorgth betwegen the fibre and matrix play important rolc. Five moum Ll
of surfacc trcatment nam_ly whiskering, oxidction (ogry 2nd wct) ancerc,
monomolecular layer werc discussed and wetting atfected by this tr__t-.rt
calcutaceo fur the fibre. Since sufficicnt adhosion betueen the it
and merix 1s o precondition for complote struss-transfcr and efficicnt
tr . nslscion of fibre propertics into the composite, ii is important tist

. surfoace of the fibre be maoo suirtahl€ for ré€sin w.ioing. Usuoily one

niyn modu.as (graphatc) fibre is used for compouviie furmir. and tho adhesion



Lecom. s more oifficult the more graphitic is the fibre. The surfac. Lo_ooa2t oot
wust alsu not oestroy the fibre structurs in the sneath. The wet =7u ZI;
gxiaciion is normally adoptec, however thé dry Mcthao gilves very licoao
aciutty due to tnermsl decomposition of the surface yroups But wel Zaxluzticn
is noc¢ zconumically fcasible if gone for longer duration. S0me resuits On
Lncresse in 1U55 ana flexural strengtn have becn 1naircated as a Tesu.t c¥ ary
uno wot Oxidation, the latter being more effective as for as Ii&o is
concernicede.

Lsc of carpon fibrc and PyIrocarbon COMPOSites a. iftlant matwrials was
made. wvental implants were made ang inscrted in momkeys 05 oG Bud DOINe
masticatory lead for 2 years. Tne fine Renmen surfcce (FRS) =in 5o used es
artificial replacement of the skcletal gefect tnat nNoccn o2 °7L Lttazhment
with living tissuecs. Studics on magncto resistance of corsor Tirono/Cvd
composit.s wer. madc.

Raman microprobe studles on carbon fibre-CVD conmy._sivo” wes Made ta
monitor ssparzting the yraphitisation of thc metilx SnG (Re Auo<tiail
obscrving any influence or intcraction betwewn oM,

Anothber important sourcce of carbon matrix in toe Ceinon-coLiban
compositus is tne piteh (coal tar, petrolcum or syntn;txc). suverol papers
connzcted with piteh proccssing,modlfications (by cnemical or physical M.als)
anou resulting structure were pru nted, role of mcsophase, its nucl@atiun,
yrowth, coslcsc€nce and alignment were hlghlightud in Lar&s numper of papurs

NG now the microscructure of the matrix is affected, thoercby moulfying the

mechunical propurties of the compositus., The propertics of the mesophase




pitch such as 1ts molecular structure, mesophase contant, Mui_culor weight

distribution and rhecological properties play important rgle in detsrmining

tie strengtn of toc carbon-carbon linkages in the compgsite. Uuse cof

@

petroleum piitch/cual tar was made tg develap crystalgzity tu the carbon
matrix to impart high modulu; tq the gogmpositey, In the case of coal tar
pitch solvent fractionization ang separation of aI were done at a fast
coagulation rate to assist filtration, Pitghes from synthetic materials
were made anu ueveloped into mesgphase pitghe Effzct of pressure on
carbonization yielc of pitches ang resins such polyethylene, polypropylene
PVC, PVAD studied and the carbon gpherules examined by $EM. The role of
QI in thc case uf coai tar patch uas studiéd in cetail,

CLI» role on coke strength, temperature of mesophase formation,
Phrermos=ttrme were important for carbon-carbon composites. IMesophase
formation was stugied in polynuclear aromatic compounds. The viscosity
of the mesophasz controls the orientations of the mol€cular consistuents
on the fibre interface and large optical texture matrix cesrbon results
from low viscosity mcsophasa, Carbonization ungur prossure or use of
high viscosity mesophase precludes the parallel oriunteticn of the matrix
carbon in the composite,

Ursclinations are essentisl featurcs of tnc mierc-ctructures of
carbon matrix composition. They arqintroduced in the farm-tisn enc
deformation of the carbonaccous mesophase,a discotic liquia crystai. The
properties ot the composites depend upon the microstructure of tne corbon

matrix ano disclinations arec expected to play important rolc in properties




such as fracturze, graphitisability and thermal expansion. Usually tn. crazk
crucks

formacion follow the basazl planes but sime/do occur normal to the plzonc
l-ycrs. in< disclinations present in the microstructure in the mesd gh _sc
contribute to crack blunting, crack diverting and encrgy abscrption wnich
work in high fracture.

0¢ stage microscopy has becom: a powerful tocl in studying m:saphcosc
nuclEetion, growth, coalescence and appearance of bulk mesophascs The
decrecse of viscosity =fter passing the temperature of intcrmediate maximum
can bz abscrved in situ. There is formation of holo o f smell size (in the
casc af accnzphthalene).

MP® oarticles surrounding mg spherules of about u Mo -ct T
as barriers for further coalescence of big spheruicc, wih. i- ﬁbb‘st;gc
microscopy is useful for study of oynamcs of mesophas: 339&«:1[«,) iN.re are
certain @éxpurimuntal difficulties such as surface ffeci af m€ots, gas bubble
formation, thermal convectiov}condensatiun of the vepours und overheating of
thc microscopic egquipment.

Chomical treatment of pyrencs and similar compounus such as hydro-

gerivatives

gecnatéw Zare found to affect various roles af €urly curbunizztion improving
pitch yiuvld and resulting anisotropic carbon. Thc behuvivur of tne anisotropic
ligquid crystal derived from hydrogenated pyrencs werc stugied in t€rms of
solubility, fusibility, eand r@construction irn thu recrystallisation process,
Use uf Fricdel Craft reaction using Alcl3 has been made pruducing anisviropic
curbons. Tnere is effect of cotalyst amount, rufiuxing, fraccionization

and tumpurature., The optical texture of the carbon is dependent upon the




chuemicad composition of the parcnt carpounzceuus prozisscer, newting conditions
ana so un, Pyrulysis chepistry of piteh is of importance with ruspect to
mesophasc formation, Hydrogenation of the piich anc its c@roonizoiion is
associated with hydrogen trapsfer reactinns (hydrogen Shuttling) involving
transfor of hydrogen from pitch to reactive radicals in the carbonization
proczsse the hydrogen transfer occuring st the warly stage of carponization,

Strong lewis Acid promotes hydrogen transfer and results thes frec
radicals stabilization to crests the circumstances in which the mesopbase
duvelopment is enharced,

Piteh fibre has gaineu momentum in the past 10 years. Fsophase
pitch fibre is the formation of structural :nd preferred oricntotion carbon
fibre from pitch. High performance continuuus multifilament fibres from
piteh require considerable input ang skill ano the stage is still far from
triviad, 8€veral factors control the success of mesophase based pitch
fibres and they are - (1) Use of precursor piteh as capable of forming
laryc dumain mesophase, (2) easce of coalescence, (3) specding up and
cnhancing uniformity, (4) no esh or infusiolc soligs. Tno Tibréd# can
achieve high strength depending upon various types oi structur:l wefocts
produced during processing. Thus piteh fibres wicn ho,n mooulas and high

b
strength ore possiblu.  They are likely to/less costly. C.rron-corbon
based on pitech have scope
compusitcs/in outer space as they have light weight, high stiffness and
strengih bosgsidus high thurmal conductivity and low CTt. Fuor pussible
applications of intercsl:zted wire, high clectrical conductivity, low CTE

and grophitic character arc main considorations which maf@ m.sophasc pitch




Jicturce

bascu fibrevs the preferred chuice., Thus ¢ rosy Ié 3f zitzh fibres in
plaoce of PAw fibres for composite materials hos bucn proscnteu. Tne Union
o~

Carbide, U3A is making half,million pound pitcn fiores/annum,

{he Confercnce was attendeu by Prof. Otani, rProf, Fitzer, Pruf,.rursh,
Prof, 3ragg, Prof. Mcozowski, Prof. Donnct, Fcof. White, Or.l.3. 3inger,
Prof, Bochm, Dr, Kelley and scveral other top carbon scicntists.

Anothoer important feature of the carbon symposium wass the roster

presente L
Sussion wiwercin display of several newer carbon artifscts was érspiacsd by
scveral rescarch and industrizsl organizations. iwcule coke from cual tar
pitch with characteristics_superiar to that made from putrolcum based
material was one of the most important itumﬁLf interest to us. Itsdensity,
strength and thermal expansion as well as electrical resistivity values were
better and so it could find extensive use in prucuction of high gmperage
gro.PﬁuZ ¢(¢:tr3;i._~s. The coke was produced commercially from solvent
fractionization of coal ter pitch. Other items of intircst were cuntinuous
silicon fibrus activatod carbon fibre, newsr type of glessy caerbons (buads),
supreme coke, isotropic grophite, kish graphitc, carban spr..ags 2nd several
such cs

otier itumsﬁrelate& to intercal_tion, whiskcrisction zne sil.con fipro

rcinfurced composites.



2o VIoIT 13 TORAY RESEARCH CENTRE

Jome new opplications of carbon fikbres and verious characteri-:tion
2
techniques for precursor, carbon fibros and composites were discusscs on
depth. They are interestud to collaborate with us to study the compatibility
of pitch matrix with their fibres (PAN bascd). Loudspeaker, specisl fiore
cloth which gives lcss porosity compared to normal fibrey, A prepeg mure tnan
PrY o iy A pthele £ AL

1 m_ter was also shown. 50 this shouws that heavy mE‘possibility is thure and
Teyulres @nygincering cnowavour,

Sceveral types of cerbon-courbon composites were maue Tur use in

fisning, sports and other industriazl applications,

3. VISIT Tu RcSEARCH INSTITUTE OF INDUSTRIAL oficlile, ..V . L WeesaTY

Prut. Pochida agnd his group are cunducting concideyaaker muni of R & ")
work on SpMlflysis and fractionization of coiboniceous mator:.is including
coals, pitcnes, synthitic pitches and bicnds. fusophase o voiopmentin
hydropyrences was studicd using techniques of optic.l micros apy wich hot
stage orrangement and Video Recording over o 7V oscrione oinziinotions were
visiblc and thoir alignment as well as formative waes reistio tu conuitions
01 processing and naturc of pérent compounds. Carbonization techniques using
metal bath werc simulatud-to those of delayud cokwfr Coking was wonu in a
m:t3llac bomb upto 6U00C. The piteh fractions werc seporated frum solvoents
ang structural developmants in cokas formw4 studivds Usc of cacalysts for
graphitization of carbon fibres and their influcnec on mechanical propertics

was imvustigateds [ost of tho work rolatod was donw on 5g = 1uUg scale in

. B FTS
- IR Y Lor
o I ' Al

%Y




Prof, rechide laboratory using rcections of hydrugenation and chomic:.l
ircotment in prescnee of c#laolysts which affected hydrogen transfor in ine

reactions,

4, VISIT 7O GOVERNMENT LivJUSTRIAL RESLANCH InoTIiTUuTe KYUSHU

Frof. Kobayashi and his rescarch group are @1gaged in a numbor of
carbon prouducts, The green coke was ground to a few micron size and thoen
comp-ctod into o pellct which was carbonized and grephitisvd. The <ffect fp
guinclin@ cextracticn on strength, density and porosity ot the compacted
puellets indicated improvementse The morphoelogy of the cuke powder wes clso
AffecteQ by extraction as observed in Scanning microscopce. ‘?uin_lin_

extractiun removes about 7-1uj of low moleculur weight fracoiors.  Tocy scem

-—— - —tu0 result in porous structurc hindering the dircet contect o1 cuke particlus,

Thus th. sintering is affected and densification ss well 25 stroength is
controlled by guinoline frections No biniir wos uvsce to f.rm tho pullets,
The effoect of boron carbon un graphitisation ang acnsificoedon on pitch coke
and glassy carbon was studied bilow the melting point of boron corbiuac,
Teehnigues of hot preossing was used., Borcon d&strluution7m1crustructural
change and graphitising dogree were cetecrmined, Harc cerbons contzining
carbidces of buron, silicon and titanium with carbon substrate were also maac,
Studies on solvent fractionizatiun and solvolysis of cugl and
asphaltfnl froctions were studied for affucting high rccovery on a pilot plant
scalc and structurc of the rusulting cokes werc uxaminzde The solvent

froctions (oyridina) of cool tar pitches were uscd to make musophase piteh




used fur drawing the carbon fibr@ with about Tuuu m/iminuec. use of wastes

such as volcanu ash was made to moke rcfractory comoositos.,

5. V13IT Tu KOA 0OIL, O3AKA

Thire is an sctive resierch group ot Koa 0il, Osaka., They arce working
on pitches, cokes and coke based carbon products. PMust of the work is
rclated to heavy ruesidues obtainec from Arab countries and Indonesiae.  The
formation of ncedle coke and piteh fibre from the petroleum fraction is
governed by scveral factors such as the viscusity of the me..p 2. its
zsphalt@ne content, molcocular weight fractions and solubility of the mesophase.
Their main interest was concentratec in making cokes of lower thormol
uxpanslon cowufficient and there was e corpelation betuween thermal cxpansion
cocfficient of cokes and thxrmal _xpansion of graphite rods znd their
strength and modulds occurse The laboratory wos well cquipped for fractioni-
zotion of pitch extracts from potroloum resiuusd on larger scales incluoing
thcir rucovery. Laboratory scale experiments involved cowxing the residucs
at 6UuuC in tust tubes. Petormination of CVE -t higher iempuratures was of

intercst to us,

6. VISIT 7O DEPARTIENT OF EWVISONPeNTAL HYSIotit, faTidis- 3.0 17uTL
OF INUUSIRIAL HEALTH, KAWASAKL, TOKYD

UOr. Y. Motsumura, a studant of Prof. He Takzhzshi, is conasuciing
studics on ~ctivated carbuns using clectrumetric titrations fur study of

acid-groups on activatwel carbons and thcir adsorption behaviour vs surfuce

acidity, Thc usc is mostly for adsurptionhorganic vgpours in higher
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conc_ntrations., Surface groups werc formed by wet ana dry methous. L8 _f

carbon fibre was also mauc for making octive carbon but its bulky nooure hzc
a1 S ¥ 2

somz drawback prohiting its uidc'spread,fur activstior but work in wnig

dirvction is guing on. The structural deviloomént in carbons affuct tooar

zctivity and this requires furthur investigations. Some standarc acti/zted

carbon scmples were collected to comparc the zctivity with activatcu curban

fibros processed at NPL. The investigations of surfacc groups by automatic

titrations is a uscful technique with high degrec of wccuracy and fastness.

7. VISIT T3 TOKYU UNIVEROITY

Prof. Takahashi and his group ore activoely enygis-u n Jﬁv;lgpmgnt of
carbon-czrbon composites using mesophase biads of coLl nzT ~.eIn LnNo
putroloeum pitch., This givus some porusity on proccssinug ad ir some of
apalicetions .} biomedical natur;}bunc 2lates shoulu have some Jorusity,

Or course this mcthod may not,of any usc for hip joint bon.s, ihcy ar.
employing adsorption technigues and surfaoce oncryy measurormonts including
hcat of wetting for rulating, surface activity. ourfece stuulcs on aCtivated
carbuns and carbon fibrus are in progresse Mérk Jn carbuon-carbun compositcs

is of gruct intcrest as very little information is repurted in litcrature

on this mothod,




-12 -

8, VISIT TO GUNNA UNIVERSITY

Prof., S. Otani und his groups are actively €ngogec in roscaereh on
as
varietics uf carbon products suehgarbons fur biomegicel [ colications,
carbon diaphragm and electroues for fuels cells, ccroon-. _:bun cumpusites
from pitch fibres and pan fibre ingduding toothinzl_ nts, 1. .xiasl. springs,

etc. The loboretory is processing synthetic motcr. .le .o~ .5 1:phthalene

for making carbon fibres by sprrRg-whktb—wis—etveret 8,...N7107T5C spinning

1 N

prucess involves delicate processing reguiring strick cont-_l of temperature,
pressure and viscosity. FfFibre spinning was continuous type onu the spinnet

waos of orifice 0,03 mme Chemical treatment of organac comaounuc wes done

for
to mike variety of pitches L varieties of carbons, Carbon implonts fur
/

dental applications is glmost complete, studies on mesophasc pitch, catalytic

graphitication and carbon fihreﬁpattery are also in progyress.

D .

9., DISCUSSION® WITH PROF, YOSHIDA OF TOKYO IWSTITUTE OF TECHNULGGY

They arc making compositcs using phenolic resins as well s piichis
including those made frum synthetie compounds, The role of the mutrix was
particulcorly explained by Or. Yoshida for ultimate performance of the
compusitec, Usc of carbon-carbon composites for biomedieal and space
applications wcs discusscd, 1t was pointed out that pitch based cunpuciico
had trcmendous scope owing to high tompurature stability, flexibility gnd
perhaps low cost,

M:st uf the organisations visited wexc cquippce with equisments

Used for characterising both chemically and physieslly thue raw matcrial,
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products and composites. Even saphisticated physical tools such FT(IR),

Raman spectroscopy and high temperature testing uwere avallable.
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