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The first vieit was to Chicago to attend the 154th meeting of the
American Chemical Society and to zive a paper in the Division of Organic
Coatinge and Plastice Chemistry. In fact the writer found most nersonal
interest in this division (which was sub-divided into Sessions A and B)
and this meiorandum is confined to the activities of that Division. The
paners are all available in book form and the accounts here represent the
author' ¢ opinions and reflections on some of the papers. Numbers reler
to the programme and the references are given. A1l page mmbere refer
to the ACS 154th Meeting in Chicago, September 1967, 27, No. 2.

Tresda September 12th
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Section B. In papers 23 (W.R. Miller, et al. p. 160) paper 2k
(L E. Gast et al. ©». 168) and paper 25 (H.G. Nieschlag et al. p.17h)
descriptions were given of novel polymers preparcd from monomers derived
from natural sources. These were soyabean o0il, crambe oil and linsced oil,
dusocyanateg being used in cross-linking processes. The intsrest here
is that some of the raw materials are cheap (crambe oil 20¢/gallon).

Wednesdayr, Sentemver 13th
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Paper 31 (C.K. Lyon and G. Fuller) p. 236 amd Paper 32 (N.J. Monson
and A.HE. Albrecht) p. 239 were noteworthy papers on flame resistant urcthancs
and fluorochemical coatings. Both certain useful ideas and work.

he author's papcr on the themmel degradation of epoxide resine was
delivered in the afterncon (Paper 42, p. 321) and there vas narticular
intecrest from Dr. Cohen, of the General Electric Co. Schnecctady, N.Y,
Trey have a considerable practical interest in epoxide degradations and
changes in electrical propsrties during degradation. A copy of College
Note Mat. No. 10 (J.C. Pattison-Jones and D.A. Smith) was given to Dr. Cohen
and he promised to send reprints and correspond on matters of mutual
interest. He chowed sane interest in the College and should be given
relevant literature.

The Divisions social cvening met and I was introduced to Dr. Alexander,
Naval Research, Mr. Wall,National Bureau of Standards and Dr. Jellinck
(Clarkson College of Technolory).

Thursday, September 1hth

A symposlum was held by the Division on Polymcr education, the initial
item being a panel discussion. (Panclists W.J. Sparke, Consvltant,
Wegtfield N.J., R.W. Cairns, Research Director, Hercules Inc., Wilmington,
Delavare, Prof. W.J. Bailey, Chemistry Dept., University of Maryland,

Prof. C.G. Overhergcr Chemistry Dept., University of Michigan, Ann Ador).

There were complaints from the industr ial side that not cnough useful
and practical polymer chemistry found its way into undergraducte courses.



Post=zraduate degree students in polymers were recruiuved from chemical
engineersg largely, plus a few eng'ncers. There was no shortage of graduvate
students, but it was {elt unsatisfactory that so few pure chemicts and
onjclcﬁyuh took higher degrees in polymcra. Several speakcre streegsed the
neeG for polymer science, i.e. physies and chemistry together, rather than
having them scgregated as is usually the case.

Papers 57-62 consisted of speakers from utniversities setting forth
the nature of their courses, papers followed from industriglists mostly
stressing the nced for students in polymer science having graduate degrees

Some particularly intercesting studies appear to be going forward under
Prof., L. Baer at Cace—Wevtera Reserve University, where pve micro-sphercs
of 1000 Au diameter are being investigated. These arc being uscd to makc
‘analogues! of mcetals, where lasers play the nart of X~rays in analysis
and dislocations and so on can be directly seen, rather than using inductive
reasoning.

Several other points were also mentioned, such as somc members of stafl
in Materials Departments also being masnbere of Chemistry or Physics departmenie
at the same time, in order to inject a eense of real materials into the

coursges of the latter. There wae also a speaker wao advocated the reed

for Ph.D.'s for students who have had industrial experience, and the University
of Massachh_htq is paying special attention %o this problem.

Friday, September 15th
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A set of papers, rather out of the author's ficld, =howcd a great
nterest in polymers as Tillers in other polymers and much concern for
surface propertics connected with such materials. There was much interest
shown in surfacecs, in connection with composites, at the Convention.

The scecond visit was to Daw Chemicals, Midland, Michigan. The general
gupcrvigion of ny stay there was by Dr. L.H. Lee.

Monday, September, 13th

bcet1;r with Dr. Wessgling and Dr. Bohmc

These gentlemcn are working on the themal degradation of poly vinylidine
chloride and are having great trouble in gettins rcpeatable results.

In eimvle terme the reaction is:=-

graphitised solids



The kinctics of dehydrochlorination are be ing examined, both Trom so0lid
povders and from solutions, where golvent effects are also noted. A
flow of nitrogen rcnoves the hydrochleric acid gae which is absorbed

in water and vitrated. There is a pood deal of evidence that crystal
norphology and the formation of gravhitic tar effects the kinetics of
reaction and course of the dezradation. P eibly initiation centres are
at chain folds in the crystals. They and the writcr were 1ﬁ agrcenent
that a good deal of the published Kinetice based on TGA is of no valus
whatsocver.

Meebing with Mr. C. Stacey
working on stabilises for Doy polyners, and is time, most

Ho is workis
gted in the effect of oxygen and U.V. light. This involves measuring

intere
oxyien ugtaku of nolymers by a scnsitive menometric device. Indvetion
periode ave a neasure of the effectivencse of the ctabiliser. Stabilisers
arc conplex alkyl phenols, or less provably tnwophcnolh, i.e. theyare
conventional radical scavengers. Polymers being currently investigated
are polysiyreie, :LV”ChE!JC“TLOHitrllG copol;m;rs and several types of
rubber (natural, BRS, etc.).
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Dr. Cobler, Mr. Wagner. Arnalytical Department Tour.

During this period I was shom thelir analytical section. This
not include N.M.L. or mass speciroscopy which is donz in another section.
The following are notes on pieces of aprnaratus:

1, Gel pencation techniques. An impreseive comnercial instrumont was
ghown, having facilitics for columns in series and being cavable of handling
5=10 c.c. polynicr solution. Thie plots oul complcte distribution curves and
fractions may clso be collccted. The basic princinle ig, of course, a
molccular sicve and the technique is complementary to colen chromatogranhy
which denends on adsorptiion. The instrument is manufactured by Watcrs

Associates, 51 Tountain St., Framingham, Mass

2. Du Pont DTA apparatus, capable of collecting aiy materials given off
by sample and a wide range of atmospheres ete. A diff Lreﬁtlal scanning
calcrineter was avallable and was regarded as less sensitive than DTA
but obviously much morc guantitative.

B Commercial light scattering apparabtus was availsble also an ultra
centrifuse, where v.v. scanning of the tube measured the distribution of
molecular weifhts.,  Vapour phase osmometry (which is rapid) was used for
number averase molecular weiglit.

b, veis/Chromatograph was available on a home-made insbrument; hcre
small boats were placed in a coil furnece concalning 5 mg of resin.
EfTlucnte were analyscd by the usval K3r nlqb followed by infre-red, also

by mass spectroscopy. The burner is mostly used for ‘flnbcr-nr¢nt‘ work.

B The thermo-gravimetric balance is an older glass-quartz spring



(Jellincck);they did not appear Tamiliar with the Stenton Thermal Balance
and were interested to hear of it.

. We discussed Attenuated Total Refliectance (ATR) for infra-red
pectroscopes. The single reilection devices were found to give poor
spectra, due to poor optical contact. This has been also the author's
cxperience. For hard surfaces they have successfully used Multiple
Internal Reflectance (MIR) which works well, several excellent MIR spcctra
of acrylonitrile were shown ag a demonstration. This is important as
surface degradation would be well investigated by MIR.

The author also delivered a lecture to their research department on
'Degradation of an Amine-cured Epoxide Recin between 210°C and %10°C'.
-
Questions were lively and apparently the lecture was well received.

Tuce aavi September 19th

Meeting Dr. Austin, Dr. Baney
These gentlenen are working on the nyrolytic degradation of sgilicone
reqlns, but appeared much trouvled by reproducidility of resulte; they spcnt
time gquestioning me on our methods. It appears that in degradation of
siliconces a large numbcr of cyclic products appear, dus to favourable
thermodynamics. This accords with thc ease of synthesis of similar cyclic
products as eide reactions in resin mamrfacture.

Meeting Mr. Bowen, Mr. Vranigh, Dr. Minsker, Dr. Bursel, Dr. Meath, and

Dr> Spradiing.

Mr. Bowen desgeribed further work done by him on the degradation
of epoxides, using filme cast on godium chloride windows, the degradation ’
being followed by I.R. spectroscopy. (Similar to the methods of R.T. Conl*"\
The first »un was uncer oxidative conditions using a LGig-phenol.
A resin hardened by DIM p'diamino diphenyl methane, degradation occurring at
200°C.

All bands were weakened by the hydroxyl band more weakened relatively.
(Film thickneses was reduced).

The followingz bands were essigned: -
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sin, desraced likewisc, bubt using tricthylene btctramine
g the band at 1663 cm.

Pyrolysie of a bit-phenol A resin hardencd with TETA uvnder o:idativa
conditions at 540°C yielded.

Biz-phenol A, allyl ether of isopropyl vhenol, allkyl ethcer of iso-
nroperyl phenol, ic propenyl phenol, isopropyl phenol Cs, nhenols, cresols
h nethyl cyclohexane, methyl pyrolle, phenol, toluene, acnzenﬂ, eyclopentadiene,
acctone, ethanol, carbon dioxide, propylene, nmethyl acetylene, methyl amine,
ethanz, cthylene, carbon monoxide, waver, armonia and methanec.

Al

Using DIM in the oxidate case certain other compounds werc also
obce;vcu, ncly butyraldehyde, acetic acid, acrolzin,mecthyl chloride
acctaldehyde, ethylene oxide, methanol and hydrocyanic acid.

With anhydride cure tiiere ig also a regeneration of the oripginal
hardencr e.gz. phthalic anhydride.

Mr. Bowen wag in genceral agreement witlhi the mechanisms vut forward
Dy Ls on CﬁO"::e degradation i.z. regavding dehydration and geisgion at
the !curc«link!

Working lunch Dr. J. Lewrence Amos, lir. Vranish, Dr. Lee, Mr. 3owen.

The writer outlincd the broader activities of the Collese, and of the
Materialz Department to Dr. Amos who is Manager of Technical Liaison. They
agreed a) to support the work by supplying Ciq4 labelled nroducts from their
Texas centre at Frecport (where epoxides are produccd) and b) to consider
Tounding a Fellowship at Cranficld on epoxide degradation, if necessary
supplying an American worlicr at a salary he would expect from Dow at home.
This second suggestion is subject to insmection of the Deparinent by
Dr. Amos on his next European visit, in the spring of 1968.

Naval Ordnance Laboratory, Silver Springs Maryland.

Yeetiny with Mr. Fleming and Mr. Wrasdilo

Here the interest ig primarily i n ablation and thus in degradation at
temperabturcs of 1000°C and even 2000°C. Nr. Fleming a”tcmpt" to correlate
chemical siructure with ablative D“onﬁrtie , but also does general degradation
work making congidcrable use of themo-gravimebric analysis. For ablative
work he uses a special rig, using a plug of silica flow filled expoxide,
the rig and the work are described in reporis (e) wvhich he gave mu.
Intereatingly the epoxide novolacs were regarded as the best resings, amine-
cured materials have got the best cross-linking density, but in fact ccrtain
anhydrides gave the best ablative results, especially methyl nadic anhydride.
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The crux of Mr. Fleming's work is this:~ the anhydride hardencrs with
enco-tiethylene groups give much superior ablative materials o other
hardencrs. The ablated plugs in particular have swerior physical
properties, both mechanical and thermal conductivity. He explains
this as due to a reverse Dicle-Aldcr degradation reaction to yield
gtructures such as
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which may undergo cross-linking or graphitization in the For these
reazons he recommends the replacement of phenolics by suitable epoxides

in rockets, even though there is increaszed cost and some increasecd handling
difficulty. Preliminary work on the ablative use of eporides has already
started.

Friday, September 2znd  Seton Hall University, South Orange, N.J.

ProTessor R.Y. Coriey

Though my visit had been finalised on Avgust 3th, Professor Conley
has become Chairman of Chemistry, Ohio State University, Columbus. 1In
the move he had forgotien my visit and unhappily was in Columbus and could
not be seen.

A

The Tollowing are gencral reflections on the American visit:=-

a) There is considerable kcenness in polymcr education, especially towards
gradvate degrees. To me the education cfforte seemed impressive, but
industrialists complained that not enough people are being supplied and that
the educational effort is too small. In the words of one speaker 'how
many ccntries have we got to sit around and wall?' Dx. fmos at Dow, and
several spcakers at the Education Symposium were keen on polymer scicnce,
rather than artificial divisione of physics, chemistry and tecinology,
cspeclally as interesting work is often at a border-line between these
fields. Graduate students do come forward in adequate mmbers, but pure
chemistes and physicists do not, recruiting being from engineers, chemical
engincers and metallurgists. The attitudes of purc chemists and physiciste
concern many ecducationalists, hence the desire to put more polymer science
in undergraduste courses to act as 'hait' to take higher degrees. Vhat we
do in polymers at Cranfiecld fits in with many of their ideas, though the
effort by their standsrde 1s on a small scale, and possibly we should give
rnore thought to the practical and technological side of our work. he
author has somc experience of British industry and noted a very great
difference in fmerican Indusirial attitudes towards cducational matters in



that they put prcssure on. the acaderiics for higher degree men in polyner

=

geience in dirgct contrast to the sitvation in the U.K.

b) The work of Fiaping ab N.C.L. was varticularly interesting, cepecially
his vicw that epoxides make better ablate materiale than phenolice.

The epoxides in question are novelak and polyphenylere types and methyl
nacic anhydride nardener and we ghould certainly, on that account, nove
over to the eramination of thoge syeteme, more than aminecs Posgivly
soue work on ablation using a rig similar to Fleming's baruencd gystens
may be also attempted, thousgh he has a considerable lead in that aspec
of the {ield.

o

c) The intercet of Dr. Cohecn of General Electric in the work on the
electrical properties during degradation was strong, this contact will be
followecd up, they are also interested, for practical reasons in the chemiecal
producteg of degradation.

a) In general, our views of epoxide degradation harmonise with those of
fnerican workers in the field. The radio=-active work intercsts than and Dow
propose te help with labelled compounds, also offers of rcesins and hardencrs
and so foxth. It was stimilating to mcet pe ple such as Lee, Bowen and
Fleming, who havec made significant contributions to the ficld, vhich nay

grov in importance, both in clcetrical engincering (lower temperature
degradation) and in ablation applications.

e) On the side of rheolozy and physices there is a great intercst i
polimeric fillere in polymers, e.g. @ubber in polysityrene. Partly linked
with this ie a very consideravle interest in swface »Hyoncrtics.

n
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and help and also Professor A.E. Rheineck, North Dakota State University,
Fargo for his help at the A.C.S. Meeting. Finally I would like to thank
Dr. L.H. Lee, Dow Checmicals, for his hospitality anéd kindness at Midland,
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