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~raraational Symposium on PVC Lyon, and other European Contacts, July, 1976
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by - A. R. Berens

Lyon 2VC S+—>osiun

Tha Sacood Intermational Symposium on Polyvinyl Chlorlde in Lyon, France, July 5-9,
1976, w2s orgazized by Prof. Guyot and CNRS and sponsored by IUPAC and GFP (Groupe
1o

o

Francais d'Ztudes et d'Applications des Polymeres). The first such symposium was in
Praguas, 1973, and a third is now proposed for Cleveland in four or five years with E, A.
Collins as ctairman. Despite the long sessions and discomfort of record-breaking hot
waather, tha general feeling at the end of the weszk in Lyon was that the meeting was
vary worthwihila and successful. The general quality of the lectures and papers was
high, a=d taa discussions, both in the lecture hall and outside, were notably open and
stimulacing.

b e

g2 sy—posiun was truly international in scope: Attendance was about 350, repre-
sznting 31 ou_crles. Contributed papers numbered about 100 and came from 23 countries.
Interestingly, about 807% of the contributed papers came from universities and institutes,
and only 20X froa industrial laboratories. It seems that PVC has finally become a legi-
timate subj=ct of academic research. One might speculate that the PVC industry is doing
less of its own basic research and supporting more academic work; yet off~the-record con-
versatioas suggast that the amount of basic research in the industry is still much

greater thz~ indicated by the relative publication figures.

achnical sessions were arranged into half-days on each of eight general
irymerization, Chemical Modification, Characterization, Rheology and Visco-
?rocessing, Properties, Stabilization, and Combustlon and Toxicity. 1In each
2 vas an invited Main Lecture, a group of contributed papers, and ‘a panel
discussion d question period. The main lectures are to be published in Pure & Applied
Ci22istrr a=d the contributed papers in Journal of Macromolecular Science. The discussion
arioés werz all tape-recorded, and Prof. Guyot, with commendable ambition, has promised

?

o edit zaZ publish transcripts of all questions and comments. I have a bound set of the
prapriass o coatributad papers, and copies of a few of the main lectures and panelists'
contridutions, for the use of anyone interested.

Tha =ost persistent theme through the entire meeting was the importance of particle .
structura z=d —orpaclogy of PVC. From the showing of the BFG (Collins & Davidson) sus—
sansion poltmarization movie on Monday morning to the closing comments on Friday, the
subject of rzrticle morphology was repeatedly brought up, especially in the sessions on
polvnerization, characterization, rheology, processing, and properties. Thus the impor-
tzace of coztrolling particle structure during polymerization and its effect on subsequent
bshavior of ?VC is now widely recognized and the subject of much research (and more
spaculatioz) ia =ary laboratories.

= tha2 opzaing session, on Polymerization, the emphasis on ''nascent morphology" was
the delibarate choice of the program committee. Unfortunately, Prof. Arzhakov (Moscow)
éid mot show up to present his invited main lecture; he did send a manuscript, however (I
hava a cop¥), which contains some interesting new thoughts on the interrelation of mor-
pholozy and poly—erization kineties. Contributed papers from ICI, Montedison-Bologna,
and Rhons-Poulenc dealt with particle structure development in suspension and mass poly-
=srizations. In other papers and discussion on polymerization kinetics, there seemed to
o2 a growing awareness that polymerization may not occur uniformly throughout the polymer
sarticlsas, tiat —oncmer concentration may not be at its equilibrium level in PVC during
polymerization, =zad that the kinetics may be even more complex than considered in the best
curreat moéels oi Ugelstad, Olaj, Liegeois, et al.
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The Chemical Modification session featured a review by Suzuki (Nippon Zeon) of re-~
actions at unstable sites in PVC, and papers on grafting, ozonolysis, chlorination, and
cross-linking of PVC. Nakamura (Iwate Univ., Japan) reported om a novel cross~linking
agent and stabilizer, 2-R-4,6-dithiol-s-triazine. J. P. Kennedy (Akron U.) discussed
his cationic grafts of isobutylen2 and styrene to PVC, emphasizing the improved stability
and processability; he told me he is still most anxious to have BFG carefully evaluate
the proparties and economics of his products.

The main lecture on Characterization by Carrega (Rhone~Poulenc) and the contributed
papers covered molecular (GPC), structural (spectroscopic), and morphological (microscopic
and X-ray) investigations. Tregan (Rhone-Poulenc) discussed his quinoline “microdiffusion"
method for characterizing the parcticle uniformity of mass and suspension PVC resins. Geil
(CWRU) described work showing hetarogeneity'og'3 size scales in plasticized PVC; "Domgins"
of ~1004, and "particulate units" in the 1000A and few-micron range. He feels the 1004
domains represent non-uniform plasticizer distribution, but not PVC crystallites. In the
discussion, the difficulty in both studying and describing (in words) the various features
of particle and sub-particle morphology was apparent. Later in the week, an informal
"working committee" tackled the s2mantic problem, and a recommendation for a comsistent
terminology will appear in the published proceedings.

Under the topic of Rheology, the main lecture by E. A. Collins emphasized the role
of particle-flow and the shift to a more homogeneous flow mechanism at temperatures
>~200°C, concepts which have becoze widely accepted since the Prague symposium. Munstedt
and Lyngaae-Jorgensen reported studies on PVC prefused to destroy particle identity;
the differences in flow behavior between PVC and polystyrene or polyethylene are attri-
buted to a structure formed by crystalline regions, and at temperatures high enough to
melt thesa crystallites PVC shows core '"normal" flow behavior. Pezzin discussed the
effect of various plasticizers on the B-relaxation process, which leads him to concludes
that the 2-peak is not a local relaxation, but a cooperative motion of a number of chain
segments. ’ .

The main lecture in the Processing session, by Menges (Aachen), again emphasized
the particle structure effects on flow and fusion; his effort to apply a capillary force
treatment (a "wet-sand" model, with low molecular weight PVC and additives bridging the
PVC particles) was received with some skepticism by the audience. Haaf (BASF) reported
studies of composition-worphology-property relations in impact-modified PVC; he con-
cluded that highly agglomerated rubber particles favor high impact strength, and that
stress-whitening is mainly due to cavity-formation within rubber particles rather than

to crazing.

In the session on Properties, attention was focussed mainly on the effects of varied
thermal history and their explanation in terms of free-volume and crystallinity changes.
Thermal analysis and small-molecule transport studies appear to be particularly fruitful
tools in unravelling these effects. A very interesting paper by R. R. Smith (Lancaster)
described rhe effects of brief exposure of PVC to very high temperatures in an electric
furnace at 800-1000°C, followed by rapid quenching; total melting was achiaved, and the
samples showed reduced density, eanhanced permeability, and unusual solvent-swelling
behavior. Other papers dealt with fracture and stress-strain behavior and with properties

of some PVC blends and graft polywmers.

In the Stabilization session, the main lecture by H, 0. Wirth (Ciba-Geigy) provided a
well-organized and thorough raview of present knowledge of PVC degradation and stabiliza-
tion mechanisms. G. C. Marks (BP Chemicals) presented evidence that ATR infra-red spec-
troscopy may provide early indications of long-time weathering performance of rigid PVC
compounds. The use of an isothermal DTA technique for comparing stability was reported
by Westerberg (Sweden).
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M. O'Mara's (BFG) main lecture in the Combustion & Toxicity session emphasizad the

difficulties of experimental design for providing data meaningful in real fire situacions;

his smoke-generation data, incidentially, provided an impressive "plug" for Hi-Temp
Geon. The parallel-session scheduling, unfortunately, prevented my attending a dis-
cussion of the monomer-toxicity problem; my general impression from informal comments,
however, is that the excitemeat over this problem has greatly subsided in the past two
years. :

Outside the formal sessions, a number of interesting new PVC developments were men-
tioned in personal conversations. Those of particular interest to BFG have already bean
reported in an IOC from Berans, O'Mara and Collins to M. E. Roha, 7/26/76.

One further general comment seems in order: Throughout the Lyon meeting, it was
quite apparent that B.F.Goodrich technical leadership in PVC is widely recognized and
appreciated. BFG's performance and publication of sound basic studies has clearly been
worthwhile in establishing a respected company image.

Other Contacts in Europe

While in Europea for the Lyon PVC Symposium, I visited several laboratories which
are working in areas close to Ty interests in PVC structure and diffusion in polymers.
A report of my visit to Rhona2-Poulenc, Aubervilliers, France has already been issued
as a BFG Chemical Co. Meeting eport, July 16, 1976. Some comments on my other visits

follow:

Prof. H. F. Stoeckli, Universite de Neuchatel, Neuchatel, Switzerland. My
interest in visiting Prof. Stoackli arose from his publications on sorption of gases
and vapors by PVC resin vowders; he has reported variations with sample history very
similar to those 1 have seen ia my VCM sorption work. In our conversation, I learmed
that Stoeckli's major resezarch interest is in the mechanism of physical adsorption, not
in polymers per se; he studied PVC only as a structure which seems to countain microvorss
of <203 diameter. Stoeckli and nis students have done more extensive work with activatad
and graphitized carbons, and have related sorption isotherms and heats of sorption to
pore sizes and shapes. While pore sizes above about 20A can be determined from the hy-
steresis in low-teoperatura XN; adsorption via the Kelvin equation, the size of smaller,
micropores can so far only b2 estimated by the relative sorptions of various-sizad
probe colecules (an "exclusion" or molecular-sieve approach). Stoeckli prefers to thimnk
in terms of micropores, rather than free volume —- an apparent consequence of his back-
ground in rigid solid adsorbents, rather than organic polymers. In his experimental
work, he makes extensive use of the inverse GC technique, as well as rcanoretric and
gravinetric sorption data. TFor the latter, he favors a new Mettler recording micro-
balance, over the Cahn Electrobalance, as offering greater semsitivity, capacity,
stability, and convenienca. EHe feels that comparison of static (gravimetric, equili-
brium) and dynamic (inverse GC) sorption data can provide valuable information about tha
relative penetration of various probe molecules into the inner structure of polymers
or porous adsorbents. Our discussion of the similarities and differences in our prob-
lems and approach2s gave me a helpful new point of view on my current work.

Prof. Saverio Russo, Institute of Industrial Chemistry and Center for the Chemi-
cal and Physical Study of Natural and Synthetic Macromolecules, University of Genoa,

Italy. Prof. Russo is part of a large and vigorous polymer research group working under
the joint sponsorship of the University of Genoa (Institute) and the Italian National
Research Council (Center). In addition to extensive work on membranes and diffusive
separations, their current research areas include synthesis, solid-state properties
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and technolozy of polar polymers, photo- and bio-dzzradation, chain statistics and dyna-
—~ies, and polypeptides and other biopolymers. Two to four senior professional people

r2 involvad in each 0f seven principal research projects. Russo also is a leader of
th2 new Italian Poly=er Association, a professicaal group formed to stimulate research
and corcmunication in polymer science and technoloz?™ 2ad to increase tha international
contacts oi Italian polymer researchers. This grovp is already working toward the 1980
1T2AC Macrooolecular Srmposium, which will featur2 a special program honoring Natta and
Ziazlar. : '

The Genoa cenbrana group is working on tha pr2paration and properties of a variety
of struccurad polyczer —ecbranes, including radiatisa-grafted or cross-linked structures.
Thay hava daveioped a polyvinylidene fluoride fils, grafted with a hydrophilic monomer
(acrylic a:zid?), which effectively separates oil z=d water at high throughput rates.
This cecbrzne has great potential value in waste traztzents, oil-spill recovery, etc.
2ad the Iastitute is cow seeking support for scals-w and application studies.

The Dost igportant project at Genoa now is oz t2a preparatiomn and study of high-
>odulus and extandad-chain fiber-forming polymers, particularly polyamides. They have
fownd that LiCl markedly depresses the melting poinc of nylon-6; aniomic bulk polymer-
izazion of caprolactzm in the presence of LiCl produeces a product which can be melt-spun
at 4£0-60° lowar tamperature than straight nylon-6. The LiCl can be extracted by hot
watar duriag or after spinning, and excellent fibers are obtained. Of even greater
interest is tha application of similar procedures to nylon-4, which ordimarily cannot
b2 =2lit-spwm as it dacc—poses below its melting poizt. LiCl depresses the melting
poiat by 80°, allowing ==2lt-spinning to high-moduius fibers. Its high moisture uptake
suggests that nylon~4 ==y be the long-sought syntzazic "comfort fiber", combining the
dasirable charactaristics of synthetic fibers and cotton. CNR holds patents in this
arsa, is presently cocztacting Italian companies for support, and will be making their

rst public disclosurz of the nylon-~4 results in Frzacaz this fall and in the U.S. at

-+2 Spring '77 ACS n=22cing.

Dr. Joan H. 2etrrcsoulos, Democritos Nuclear I:=s2arch Center, Athens, Greece. My
wisit to Atha2ns was suzzasted by Prof. Hopfenberg, <20 regards Petropoulos as undoubtedly
th2 world lzadar in thz interpretation and theory =f diffusion in polymers. The highly
=ath2mnatical naturs of 2is publications made me a little apprehensive, but I found
Pa2tropoulos very 2asy znd interesting to talk wit:., ¥We spent a full day discussing

L s
diffusion in (to 22) very real and understandable, t2ras of molecular structure, seg-
—2ntal motion, zor2 siza distribution, etc.

e

Patroyoulos' gena-zl approach is to carefully zzalyze theories of diffusion in porous

solids and poly—ers, datermine the detailed conseguznces of different theories, then
znalrze pubiishad data or carry out new critical ezzarircents to ascertain the validity of
the thaoriss. Ha is particularly concerned about distinguishing truly non-Fickean
2ifZusion iroa cases wcare experimental artifacts {z.z., non-uniform membranes) may
produce arozalous results. He is working toward syscsms which display the remarkable
diractionz2l or selactive tramsport properties of >islogical membranes (cell walls),

tut evea =uch sizpler systems are still incomplet2lr understood. Among the present
theories of traasport in polymers, Petropoulos feals that the Case II model (Alfrey)

is only descriptive ancd is farther from the complex physical reality than models which
cousider polymer ralaxzztions and swelling-stress-dapacdent transport properties.

As ia Iy discussion with Stoeckli, the analogy detween rigid, microporous materials
d glassy polymars was important in Petropoulos' tainking. He.feels that "free-volume"
in effect, the small end of a continuous distrilution of pore sizes, and that the
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in solids. Ia glassy polymers, the mobility oI holes is an additional parameter
rust be comsidarad. ’
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roination of void size distribution is central co understanding swall molecule trans-
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Petropoulos was quite interested in my work with PVC-powders and the possibility
it offers for separating diffusion and relaxation processes. He was aot surprised that
I could not fit my long-time sorption data with a single relaxation tize, aad offered
some suggestions for better ways to analyze my data.

. It was quite interesting to find that Petropoulos functions with a very small group
(three professionals, two technicians, no graduate students), and ia a rather isolated
location, yet is recognized as a world leader in his field. He apparently has adequate,
if not generous, support from Greek government funds, with no obvious requirements for

justifying his work on practical or military grounds.  One good man, with sufficient
freedom and a modest budget, still is a potent force in the world of science.
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