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First European Tri-Service Advanced Materials Workshop:
Compressive Sirength in Rigid-Rod Polymers

The Workshop was held at Pembroke College, University of Cambridge on 3-5
September, 1992 with 23 participants (list attached). The programme (also
enclosed) called for a series of lectures from invited speakers for the first day
and a half. These were delivered and received with considerable enthusiasm and
discussion. In the afternoon of the second day three sets of small groups
provided the format for detailed discussion of points raised in the earlier
lectures. This proved to be critical and of much value to all attendees. These
discussions lasted the entire afternoon. The leader of each discussion group
prepared a summary of questions and ideas generated in their group and on the
last morning (Saturday) each leader presented this summary to all participants
with general discussion following. All sessions (lecture, small group and large
group) were integral to the success of the Workshop and all were actively part of
the give-and-take which distinguished the Workshop.

Gerhard Wegner began the Workshop with an intriguing and provocative
presentation of experimental work on model LC polymer systems which
emphasized the importance of chain segregation according to chain length. His
morphological studies set the stage for much debate on molecular origins of
compressive failure. Steve Allen followed with a presentation of a review of Du
Pont research on strategies for possible improvements in compressive strength in
rigid-rod polymers. It offered an insight into the scope and depth of the long
term efforts of a key company with a commercial product in this field. Ian

LO Ward was next with a detailed presentation of mechanical behaviour of PBI and
ado the role of water on such properties. The next lecture was by Jim Economy who

COM gave a progress report on DARPA/ONR supported research on factors affecting
-u compressive properties of high performance composites including both organic

and inorganic polymer systems. In the final presentation of the first session M
ApE) Northolt gave a particularly plausible defense for the hypothesis that
~ _improvement of compressive strength of polymeric fibres will require covalent

_ crosslinks.

The Thursday afternoon session began with Fred Arnold's lecture on the wide
variety of chemical approaches taken at the Air Force Wright Laboratory over
the past several years and the evaluation of the effect of Liemical structure on
compressive properties. Professor Ruland's lecture was to have been next, but
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had to be cancelled due to his illness which prohibited his participation at the
Workshop. Jay Im followed with a talk on PBO fibres. He emphasized the
compressive strength test methodology and the associated fibre failure modes.
Bob Young then gave a presentation on the use of Raman spectroscopy in the
evaluation of compressive properties of fibres. He proposed that his data is
consistent with Euler Buckling as the mechanism for failure in these fibres. The
final presentation of the Thursday afternoon session was R Hentschke's lecture on
the power and limitations of molecular dynamics computer simulations as an aid
in understanding compressive strength in fibres of highly oriented polymers.

The Friday morning session was begun by G Marrucci as he discussed the
rheology (shear flow) of rigid-rod polymers and the effect of tumbling on
defects and disclinations in these systems. Yachin Cohen then presented a
detailed description of the coagulation of rigid-rod polymer solutions with water.
He proposed that for these polymers collective buckling of the microfibrils is
responsible for compressive failure. H Fischer followed with a report of recent
work done at Bristol on the phase diagram of the PBZT/PBO-P 205 -H 2 0 system
and its influence on ultimate compressive strength of fibres processed therefrom.
Dusan Prevorsek gave a lecture on compressive failure in ultra-strong polymers
from the point of view that the microfibrillar structure is crucial to proper
control of these properties. The final lecture was that of Alan Windle in which
he presented chemical and structural details for a family of carbuncular rigid-rod
polymers designed to pack isotropically, thereby offering the possibility of
improved compressive strength.

On Saturday morning each of the group leaders from the previous afternoon
presented, on overheads, the essential points of debate and resulting conclusions
or questions raised during their small grop sessions. A copy of the overheads is
enclosed. They present an excellent reflection of the discussions which
accompanied their presentation on Saturday morning. The scientific exchange
was lively and far-ranging. I feel that the Workshop was highly successful. In
addition to providing a full general debate on the subject, it is surely likely that
research ideas were generated by each participant toward which their own special
expertise can be applied. Key questions were raised with the various research
strategies for solution to the compressive strength problem being presented in the
large group overheads - copies enclosed.
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FIRST EUROPEAN TRI-SERVICE ADVANCED MATERIALS WORKSHOP

"Compressive Strength in Rigid-Rod Polymers"

Pembroke College
Cambridge

Preliminary Schedule

September 2. 1992. Wednesday

pm Arrival in Cambridge (trains depart for Cambridge half-hourly from
London Kings Cross and Liverpool Street stations)

Check-in at Pembroke College (located on Trumpington Street; taxi
from station costs about £3.00; no parking available at the College).
Please report to the Porters Lodge where room keys will be issued.

7.30prm Dinner in Hall, Pembroke College

September 3. 1992. Thursday

8.15am - 9.00am Breakfast

9.00am - 9.15am Introductory Remarks - Dr A C Griffin

9.15pm - 12.30pm Lectures and Discussion (I); Coffee break

12.30pm - 2.00pm Lunch

2.00pm - 4.30 pm Lectures and Discussion (I); Tea break

7.30pm Dinner

September 4. 1992. Friday

8.15am - 9.00am Breakfast

9.00am - 12.30pm Lectures and Discussion (Ill); Coffee break

12.30pm - 2.00pm Lunch

2.00pm - 4.30 pm Small Group Discussions; Tea break

7.30pm Banquet

8.15am - 9.00AM Breakfast

9.00am - 12.3pm Larg Group Diusuons Remmendations, Wrap-Up; Coffee break

l2 3Opm -2.0pm Luach
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Workshop Lecture Schedule

3 September. Thursday (am) Session 1

9.15 - 9.45 Professor Dr G Wegner
9.45 - 10.15 Professor I M Ward

10.15 - 10.45 Dr S R Allen

10.45 - 11.00 Coffee Break

11.00 - 11.30 Professor J Economy
11.30 - 12.00 Dr M G Northolt
12.00 - 12.30 Discussion of Session I Lectures

3 September. Thursday (pm) essionI

2.00 2.30 Dr F E Arnold
2.30 - 3.00 Professor Dr W Ruland
3.00 - 3.30 Dr JIm

3.30 - 3.45 Tea Break

3.45 - 4.15 Professor R J Young
4.15 - 4.45 Dr R Hentschke
4.45 - 5.15 Discussion of Session II Lectures

4 September. Friday (am) Session M

9.00 - 9.30 Professor G Marrucci
9.30 - 10.00 Dr Y Cohen

10.00 - 10.30 Dr H Fischer

10.30 - 11.00 Coffee -Area-k
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UNIVERSITY OF CAMBRIDGE

MELVILLE LABORATORY FOR POLYMER SYNTHESIS
Pembroke Street, Cambridge, CB2 3RA

Telephone: (0223) 334370 Fax: (0223) 334866

Dr S R Allen Dr R C Evers
Kevlar Technical DuPont Fibers Polymer Branch, Wright Laboratory
E I DuPont De Nemours & Co Nonmetallic Materials Division
PO Box 27001, Richmond, VA 23261 Wright-Patterson Air Force Base
USA Ohio 45433

USA
Dr F E Arnold
Polymer Branch, Wright Laboratory Dr H Fischer
Nonmetallic Materials Division H H Wills Physics Laboratory
Wright-Patterson Air Force Base University of Bristol
Ohio 45433 Bristol BS8 ITL
USA

Dr S Fishman
Dr Y Cohen Code 1131
Technion-Israel Institute of Technology Office of Naval Research
Department of Chemical Engineering 800 N Quiney Street
Technion City, Haifa 32000 Arlington, VA 22217
ISRAEL USA

Dr Richard Desper Dr A C Griffin
SLC-EMP Melville Lab for Polymer Synthesis
US Army Materials Technology Lab University of Cambridge
Watertown, MA 02172-0001 Pembroke Street
USA Cambridge CB2 3RA

Dr C J Dymek, Jr, PhD Dr R Hentschke
Deputy Commander and Chief M-P Institut futr Polymerforschung
European Office of Aerospace R&D Postfach 3148
223/231 Old Marylebone Road 6500 Mainz
London NW1 5TH GERMANY

Dr J Economy Dr J lm
Depafrnent of Materials Science & Eng Central Research & Development
Univ of lllinois at Urbana-Champaign Dow Chemical Company
1304 West OGven Sft 1702 Building
UtAWna, IL 61801 Midland, MI 48674
USA USA



Professor A Keller Professor I M Ward
H H Wills Physics Laboratory Interdisciplinary Research Centre for
University of Bristol Polymer Science and Technology
Bristol BS8 iTL University of Leeds

Leeds LS2 9JT
Dr J H Magill
Office of Naval Research Professor Dr G Wegner
European Office M-P Institut fUr Polymerforschung
223 Old Marylebone Road Postfach 3148
London NW 1 5TH 6500 Mainz

GERMANY
Professor G Marrucci
Dipartmento Di Ingenerio Chimia Professor A H Windle
Piazzale Tecchio Dept of Materials Science & Metallurgy
80125 Napoli University of Cambridge
ITALY Pembroke Street

Cambridge CB2 3QZ
Dr M G Northholt
Akzo Research Laboratories Professor R J Young
PO Box 9300 Manchester Materials Science Centre
6800 SB Arnhem UMIST/University of Manchester
THE NETHERLANDS Manchester M1 7HS

Dr D C Prevorsek
Polymer Laboratory
Allied-Signal Inc
PO Box 1021R
Morristown, NJ 07960
USA

Dr W Simmons
Army Research Office
223/231 Old Marylebone Road
London NWI 5TH

Mr E J Trolam
Bent LaborI tici, ARDl C,
WatwbK maet ul
Wawvliot. NYY 12189-4050
USA


