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First Eurvpean Tri-Service Advanced Materials Workshop:
Compressive Strength 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 moming (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 actwely 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
Ward was next with a detailed presentation of mechanical behaviour of PBI and
the role of water on such properties. The next lecture was by Jim Economy who
g gave a progress report on DARPA/ONR supported research on factors affecting
== compressive properties of high performance composites including both organic
&8 and inorganic polymer systems. In the final presentation of the first session M
2= 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 cffect of ciemical 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 morming 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-P205-H20 system
and its intluence 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 grovp 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
Prelimi Schedul
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 (Iocated 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.
7.30pm 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 (IT); Tea break
7.30pm Dinner
September 4, 1992, Friday
8.15am - 9.00am Breakfast
9.00am - 12.30pm Lectures and Discussion (III); Coffee break
12.30pm - 2.00pm Lunch ,
2.00pm - 4.30 pm Small Group Discussions; Tea break
7.30pm Banquet
September 5. 1992, Saturday
8.15am - 9.00am " Breakfast
9.00am - 12.30pm Large Group Discussions, Recommendations, Wrap-Up; Coffee break
12.30pm - 2.00pm Lunch
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3 September, Thursday (am)  Session]

915 - 945 Professor Dr G Wegner
945 - 10.15 Professor I M Ward
10.15 - 1045 Dr SR Allen
1045 - 11.00 Coffee Break
11.00 - 1130 Professor J Economy
11.30 - 12.00 Dr M G Northolt
1200 - 1230 Discussion of Session I Lectures
3 September. Thursday (pm) Session IT
200 - 230 Dr F E Amold
230 -  3.00 , Professor Dr W Ruland
300 - 3.30 DrJIm
330 - 345 Tea Break
345 - 4.5 Professor R J Young
415 - 445 Dr R Hentschke
445 - 5.15 Discussion of Session II Lectures
900 - 930 - Professor G Marrucci
930 - 10.00 Dr Y Cohen
1000 - 10.30 Dr H Fischer
1030 - 11.00 Coffec Break
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1130 - 1200  Professor A H Windle




_—

Smali Gvovrp Discussion A Keller

- — e oy - —

D Ifs Meaninﬁ?
2) T+ Meusvrement

’) Th terms of Morse Fo'{;en'{;id.

More ¢o fex molecular arraa cmu—f‘gl
Ts it identical 4o fensile modulus?
Over what stein range ¥

i) Linear Por-h'on ~elastic

1i) Non- lineer - "

(i) Recoverrble but only with fime
which of 1)-iii) is fiken 4 by whom

Othar issus :
G'e,nuine, CowPrCSs-ion VsS. L)UCkLib}j (e(as—kc)
How AO W¢ b«ow w‘\icfn w{»\Ln Mqasur—in_j.?

2) Need for exact definifion of fest method.
(:Tbt MléA”'S Paint)

—
- o o — — omn

IM‘HR‘HOn o‘F 'Faifure,?
Statistical onset of locxl sheer
Kink 'oum}\s(in glmz,rrl)
Twinning (in Par%cu‘ur)
What hzppens on molecolur [eved T
How C"\a«lrs kfu\l(-? Over what didzma.?

———




- Z
A Keller
Anufpgieg 4 Diffmrences

carbon fibre .

'L &Mm%ond VS, 3 dimwsngional
Tn C P('OJMA_ ori ¢nfation %uﬂlw\d:f\‘@or-il.

On SKin- Core Effect

- - e et e a ww e e

Orientidion difforent. Where does frachone stact?
Within SEin or withn Lore T

Micro ‘F\‘brif_

Thdrinsic o Stothisheal r
Cohen: Tntrnsic
Does _l_ﬂ-_g:t c)\l«j’c widh DroceSsang. |

Cin H relate B Crystad solvatz.” As it 4oes
thrvugh Oystd So vide b should.

Tn gonnsd due fo inhomogencous contraction
Congwlochon wifh sPe,o;z!L 24on of sl Solvate.

M,orph,olo% (in go~eral)
Wh is our [oage():m..?

A TR e et Y e emm e s =

Cohan: SPM"’U}’I‘MV’”AQ‘
(W OyshL solyate)




3

A. Keller

On SolVUYt }{movd Jla'm”xc, ‘.’MJ( /o In [oumd,&s
Can ng have tonnechon With Abrils in oriented

Sgsﬂm
On oﬂg‘m of [ow Mj(z maximx ;4 Point Pxiwn

Addhonal (omatted 14@»»\ )

Pole of chuin ends? In rtj‘zs'fir (Libe W m/\.)
or ramlomla, &i shrbuted, 7 EXwa(LS forbo/ﬂn




REPOLT 0€ GROUVP Oosuss:orv®
— R.T. YouNg

. CONTROL OF (0 MAESSION STRENGTH

11 Tntermolecador FovRas
MosT over-nding facker is
thest cad dMeIwc/bM
29 {Lcuuhina of Conpressrnn sTresptl,
ALLO, S C > Amnnuds Rigad rods

> %Wu\n—.

1.2. M‘uu'os_'f'wcxum_.
NMQP%M of Ho A eroSTactue
of o guren mkamal Moy chorse
Lonmpresst ve gtrenpth b:' foct e
of wp v 3 . Sewndeny Goctor

e Cmss-'wna a.';fucs"\‘o shaew

Comu pronmse but Ut mowy
A grocta +entho Fm'\u&f&c




ey

I.MECHA-NlchuecHA-MSM; o
CAILVURE
Pmbabb €Eule) @u.dtlit\a Tk wdhna
ok the 1bAl Aavel |
;. Might | mprove brhavt owr loy
o) Lkou\tilxa otpact roti o of
He EbnAdg
b) Bindin Heo A bAdg +03d‘Lu~
La:&u\)iﬁ
Howaver, evan f He 2oy Evler
QBuckling rmaodae 'S mSuppressest
£oohure WM o eens throvph
Sheor o Twinmng wc:ﬂ»fl Ho

cTeA i teg T
U\a
ct 90\3MM3|¢M m

Single cnystads ~T

NR. Shaor ba :J\M:Aip A@n be
Sppreroant
1) RodioXien - | Aduacach mss-ufckﬁ.
i) \ekarchoan , 2-0 Hydrogen
bavM




-
Rut Roth of Hase wld probably
- dagrooie He Fencile proparliss

2. INFORMATION MISHING /NEEDED

3.1 (omprestive mModadus
l+:s Asar ttot te Mmadudus of Ho
et is AOT wmgnae . [T Lorges
anMﬂ'Ug cb'oivtg-ﬁvw-fusim )
®) The inherent P/D(\U‘MS of He
Mo (ke €
b) The r0fponsgation of To
wWe rerd accnraXs and pretn adr (s
exXinok 20 o-f Mo dudiasd VRIS STTON
Lor~on s POSCO(RA — POMAS |
3 ek P‘:sdi(j‘.mufg
st Microtensi an| lomprersunn
4'&0‘0".‘/3 " Jingle AAarmanrks
_ dudblomdt but conda be halpil
whan trnpared wath Losman.




VL Y ey Side impact of

other 'f‘c,ob\axo|033¢s e

A Notuue
H rmaght e halpfiad +o ocanine
anotuwad stanctuat materads
w il grood comp reAsV L ()n’\»{;cx
eg Wood ( good v eur craft [)
Ave hollow Fibrec Mmore resictant
v Euler Wk\ina?




4.2 Corpet Flbres =
I+is pocsible 1 improve corprasive
fopu-t\es ba d\w\a g e a-:owd’rn

o# e Rbre emse-section
[muw.au. te Aoent of c&r-’ﬁa)

Clover leof
‘-3 SecX Vo £

ALy wsesl v carpel Rbires
TN.«J Spr'u\j back wéas conprussad
mgj.&g | Resvstant ™ ﬁwtklmj

NQ: Maﬁ he po:s‘b'e watw
Tkm'fr'op{cs bt Lo ik ha

i £€ 1 eudt wath L&o“'fbp&d




Discvussion Bwp
Lo wpressioua .f-_lﬂu\rﬁ (CS) of G.Weyyner

Vot is it @ |
—~ Jheos Yic(ob'oJ ve Trdle Kacture
—o Dduckfe .bt{evwakm'
Stcess -Jheastu iw lompressiu = ruTeusioun

=P JHEAR-HoduLUS Hhe (wporibut ketyuided
—o Eutsr-TuckLiné |

"HOW T /NC&EA{E, (coNTéDC) JK&Q’”QO(:E
.\

[ — :
! .'Po:&"ﬁ‘(t] N (To::-@'u/u‘oz

-
\ 'T‘L_M ,
AT 2 - le -
2] Y ' XL
(ER ‘
‘\2




Liwaifokous .

~ Urewnis Cioesublaol:
'::’g«a Rees ! ~
ho deg,coeta‘f-wu y ﬁdcs&an'ug '04&4'0'5
Mo (4088 a&a.u‘uz' theu thure ( Xse&'w'ﬁ...)
- lul-gualu.Cﬁw X Uuhs bul Muw G-Ué(
Uodu s /X’Rc. o =g $CLulhH '/506 fA'&:ﬂ
— X =) Shruchurt m{r‘*"ﬂ: fe aclieved
—_ ‘Pmc,es:mq_‘. o

2. Post G‘-C:A) : Tlotecwdas Faape

T- dor H-qar

— lucreose Compresebe J‘-&-euJK a & wirccles
KLovel

— Protlouwns al Ha L oel !;‘&m -3 J‘iar wod,
- !?‘Mt'c' potass | pmcem't[,mrdﬁe!??

| | -2~




- -

X q?as‘;\‘&t‘e : Reoeut 6bde plowuss

— lukstochiug I Wocr kustecales

- A:w&u@.wa&
- qu 660..0:/ 8(»4014 oo

— Geusaleiathion

4, 70!&(~CA¢3 ¢ Iﬂu&

- oloes ueb wele FYPRTY

£, .fur[nu. feod wanh !
Awu(ed Luccess —v feufrom
= bk, frocher




Weould d,«‘acuoud-f'&n fe (ood?
—1 Lrwsk of the w,a&;"
(i .
(cleclatint pors'tee ??




UNIVERSITY OF CAMBRIDGE

MELVILLE LABORATORY FOR POLYMER SYNTHESIS
Pembroke Street, Cambridge, CB2 3RA
Telephone: (0223) 334370 Fax: (0223) 334866

Dr S R Allen

Kevlar Technical DuPont Fibers

E I DuPont De Nemours & Co

PO Box 27001, Richmond, VA 23261
USA

Dr F E Arnold

Polymer Branch, Wright Laboratory
Nonmetallic Materials Division
Wright-Patterson Air Force Base
Ohio 45433

USA

Dr Y Cohen

Technion-Israel Institute of Technology
Department of Chemical Engineering
Technion City, Haifa 32000

ISRAEL

Dr Richard Desper

SLC-EMP

US Ammy Materials Technology Lab
Watertown, MA 02172-0001

USA

Dr C J Dymek, Jr, PhD

Deputy Commander and Chief
European Office of Aerospace R&D
223/231 Old Marylebone Road
London NW1 5TH

Dr J Economy

Department of Materials Science & Eng
Univ of Illinois at Urbana-Champaign
1304 West Green Street

Urbanas, IL 61801

USA L

Dr R C Evers

Polymer Branch, Wright Laboratory
Nonmetallic Materials Division
Wright-Patterson Air Force Base
Ohio 45433

USA

Dr H Fischer

H H Wills Physics Laboratory
University of Bristol

Bristol BS8 1TL

Dr S Fishman

Code 1131

Office of Naval Research
800 N Quiney Street
Arlington, VA 22217
USA

Dr A C Griffin

Melville Lab for Polymer Synthesis
University of Cambridge
Pembroke Street

Cambridge CB2 3RA

Dr R Hentschke

M-P Institut fiir Polymerforschung
Postfach 3148

6500 Mainz

GERMANY

DrJ Im

Central Research & Development

Dow Chemical Company

1702 Building ;
Midland, MI 48674 |
USA 2




Professor A Keller

H H Wills Physics Laboratory
University of Bristol

Bristol BS8 1TL

Dr J H Magill

Office of Naval Research
European Office

223 Old Marylebone Road
London NW1 5STH

Professor G Marrucci
Dipartmento Di Ingenerio Chimia
Piazzale Tecchio

80125 Napoli

ITALY

Dr M G Northholt

Akzo Research Laboratories
PO Box 9300

6800 SB Amhem

THE NETHERLANDS

Dr D C Prevorsek
Polymer Laboratory
Allied-Signal Inc

PO Box 1021R
Morristown, NJ 07960
USA

Dr W Simmons

Armmy Research Office
,223/231 Old Marylebone Road
London NW1 STH

Mr E J Trolano

Benet Laboratories, ARDEC,

Waterviiet Arsenal

VJ;WM NY 12189-4050
A

Professor I M Ward
Interdisciplinary Research Centre for
Polymer Science and Technology
University of Leeds

Leeds LS2 9JT

Professor Dr G Wegner

M-P Institut fiir Polymerforschung
Postfach 3148

6500 Mainz

GERMANY

Professor A H Windle

Dept of Materials Science & Metallurgy
University of Cambridge

Pembroke Street

Cambridge CB2 3QZ

Professor R J Young

Manchester Materials Science Centre
UMIST/University of Manchester
Manchester M1 7HS




