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ABSTRACT

Allan S. Hay begins the interview with a description of his
secondary and under graduate education in Alberta. After briefly
descri bing his graduate work at the University of Illinois and a
summer job at Du Pont, he begins the story of his career at
General Electric. There, after only a very short tinme, he was
able to oxidize xylenol to synthesize PPO. Hay focuses on the
practical applications as well as the chem cal aspects of the
progress that occurred in plastics research (including the
devel opnents of Noryl and U tem during his career as both a
research chem st and a manager at G E. He concludes with a bit
of insight into what |ies ahead in polymer research and
devel opnent.

| NTERVI EMERS

Leonard Fine is Professor of Chem stry and Director of
Under graduate Studies in Chem stry at Colunmbia University. His
special interests include polyner chem stry and materials
science, industrial inorganic and organic chem stry, engineering
pl astics, problenms in solid waste managenent and the recovery and
recycling of post-consunmer plastics. Anobng his recent
publications are two practical manuals on principles and
practices of infrared spectroscopy and a general chem stry
t ext book for engineers and scientists. He holds a B.S. in
chem stry from Marietta College and a Ph.D. in chem stry fromthe
University of Maryland at Col |l ege Park.

George Wse is a comunications specialist at the General
El ectric Research and Devel opment Center in Schenectady, New
York. He holds a B.S. in engineering physics from Lehigh
University, an MS. in physics fromUniversity of M chigan, and a
Ph.D. in history from Boston University. He worked briefly as a
systenms engi neer before entering his current career in public
relations. He has published a book and several articles about
the history of industrial reserach, invention and science. His
current research interest is how people can learn from history.
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| NTERVI EVIEE: Al lan S. Hay

| NTERVI EVERS: Leonard W Fine and George W se
LOCATI ON: Schenect ady, New York

DATE: 24 July 1986

FINE: W' ve gathered here on a hot, hum d day in Schenectady to
talk with Dr. Hay about engineered plastics materials and to see
i f we can gather together sone facts about his |ife and career

| hear you're going up to Alberta, your home turf, to give a talk
or two.

HAY: In Oct ober.

FINE: Do you get back there very often?

HAY: No. My nmother and two sisters still live there. Mor e
often than not nmy nother wusually conmes down to visit us. It
works out to be nore convenient that way. She's com ng next

week, as a matter of fact.

FINE: | guess we should begin at the begi nning, your Canadi an
origins, your famly, and perhaps sonething about what it was
t hat predi sposed you to chem stry. | have | earned that you

filled the house with snmobke and fumes on nore than one occasi on.
Were your parents scientists?

HAY: No. M father was an autonobile mechanic. He was born in
Scotl and and em grated to Canada in 1911 when he was about twenty
years old. A few years |later he ended up in the arny in Wrld
War |, and he was unfortunate enough to end up with a | ot of
shrapnel in his legs. Over his lifetime he spent about two years
on and off in the hospital as the shrapnel emerged. He never had
t he opportunity to go on to further his education. Hi s younger
brother was a little nore fortunate and he ended up bei ng head of
an agricultural college in England. M npther was raised on a
farm So there was basically no scientific background in the
famly at all. | went to high school in Ednonton, Alberta, a
relatively small high school of about three hundred people.
Ednmont on, at that tinme, had a popul ati on of about seventy-five

t housand to one hundred thousand. The high school curriculum

i ncluded two years of chem stry.

FINE: Advanced thi nking.



HAY: It had a first course in the tenth grade and then one in
the twelfth grade. Of course along with that you had vari ous
physi cs courses and math courses, etc. Actually, if you
graduated from high school in Alberta at the tinme, you could
enter second year university in nost places because what they
taught in high school included a curriculum where you could go at
your own pace. You could take high school in three, four, or
five years, depending on the individual. The courses were al

t he same, but you paced yourself with what you were able to
acconmplish. | was able to finish high school when |I was sixteen
and that is when | becane interested in chemstry. | had a snal
| aboratory in ny basenent and woul d make such things as thiokol
rubber and things |like that.

FINE: Classic old experinents.

HAY: That's right. Some of the standard stuff that creates a

| ot of odor; things |ike gunpowder that tend to be very

unpredi ctabl e and go off when they shouldn't and create |lots of
smoke. | nust say ny parents were very tolerant. | didn't
really have a good concept of where to go as far as a career was
concerned. | had thought at that time, for no particular reason
as | recall, that I would go into chem cal engineering.

FINE: There was no question that you would be able to go on to
col l ege, of course.

HAY: That's correct.

FINE: Your parents had the econom c neans?

HAY: No. But | lived in Alberta and university tuition was only
$180 a year. | could get there by a streetcar, which cost five
cents, and | started working sumrers when | was fourteen. So

was able to work things out pretty well

FINE: What was it about chem stry that attracted you at the age
of thirteen and fourteen to acquire a |laboratory in your home?
The old Gl bert chem stry set, was that it?

HAY: | may have had one of those at one time, but then I woul d
sinply go to the drug stores, because the drug stores at that
time stocked al nost everything and you could get all sorts of
stuff and mx it together. | can't recall, at this point, what



the incentive was. At any rate | went over to talk to the people
at the university, and the then chairmn of the chem stry
departnment interviewed me. Hi s nane was Osman J. Wal ker and he
convinced me that | should take the honors course in chem stry.
In the Canadi an universities, you could get the standard
bachelor's degree in three years. |f you took an honors course
it was a four-year course and the last two years were highly
speci alized and were alnost all chem stry. This neant that by
the time you reached your junior year you were essentially
working full-time in the |aboratory. At any rate | was tal ked
into entering the honors chem stry course where the school year
was a full year. You took a course for a full year; never did
have senesters. So | took chem stry courses the first year.

FINE: A full year, but not sumrers?

HAY: That's right. Organic chem stry and the standard inorganic
course that used to be taught, both of which had three-hour

| aboratories associated with them That was pretty good basic
chem stry in the first year. The reason that | becanme very, very
interested in organic chem stry was because of that picture |
have on the wall.

FINE: Was that [Reuben B.] Sandin?

HAY: That's Sandin. He was an inspiring teacher, by far the
best teacher | ever had in ny life, as far as inspiring people
was concerned. People would sit in on his courses and cone back
in the second year, just to hear himgive a course. Now that's
pretty good for organic chem stry.

FINE: What was so special? He was a dynam c |ecturer?

HAY: He was just an extraordinary lecturer; he would stop at
times and he would just philosophise. At certain tines of the
year the sun would conme through the wi ndow and shine on a
particul ar spot, and he would take half of the hour in sinmply
tal ki ng about things. He was just really a remarkable fell ow
He is eighty-eight now and still working in the |aboratory. He
still has a | aboratory at the university. At any rate, he was
the strong personality in chem stry at the University of Al berta,
and he basically took the honors chem stry group under his w ng.
| think there were nine people in the class, or something |ike
that. He essentially considered this group of people to be his
famly.



FINE: He would have been in m d-career then, age forty-five or
sonething |like that at the tine.

HAY: At that time they did not have a graduate school at the
University of Alberta, other than you could get a master's
degree. They did not have a Ph.D. program so nmpost people woul d
then go directly to graduate school fromthere. Most of the
honors chem stry students went to graduate school, a graduate
school that Sandin would choose for them He had devel oped a
reputation such that if he wote a letter off to a university, a
fell owship would come by return mail. This was a pretty sel ect
group, a small group that had been picked for chemstry. | did
not go on to graduate school right away because he al so asked a
few peopl e—I shouldn't say a few, one a year—to stay on and
work with himand do research for two years while al so doing sonme
t eachi ng, handling the | aboratories, and so forth. | stayed on
and worked very closely with himfor the two years after | got ny
bachel or' s degree.

FINE: Who was Sandin, chemcally? Where did he cone fronf

HAY: He worked for [Julius] Stieglitz in Chicago.

FINE: Oh, he worked for Stieglitz in Chicago.

HAY: He was a very creative individual. He does not have a

| arge publication record because that really wasn't too possible.
The number of students was very small and they had no Ph.D.
program at the tinme.

FI NE: Have a | ot of chem sts cone fromthere?

HAY: Oh yes. You can go all over the country to major chem cal
conpani es and find people of ny era. Even though there were only
half a dozen a year, it adds up over the years and he probably
directed the careers of, | would guess, a couple of hundred
people. Many of them ended up in "in" places. Ted [Theodore L.]
Cairns, for exanple, of Du Pont cones to mind. Wo' s the fell ow
who is head of Mobil research? Don [Donald D.] Phillips, for
example. There were a nunmber of people at Du Pont | aboratories
who were graduates from Alberta. | could add Ray [ Raynond U. ]
Lem eux and Al ex Nickon.

FINE: He seens to have inspired people to careers in industry
and yet he was an inspiring teacher. Did you think of going
academ c at any point?



HAY: | did at some point, but then | decided I would nuch rather
do research. He chose the University of Illinois for ne for
graduate school. He wote a letter to Speed [Carl S.] Marvel,
who was then the chairman of organic chem stry there, and by
return mail a fellowship cane. So | went to the University of
[11inois.

FINE: Marvel had a racket. He didn't have to screen anybody.

HAY: | worked for Nelson [J.] Leonard at the University of
[1linois. |1 was in a rather unusual position conpared to nost of
the Illinois students in that | already had several years of
research.

FINE: And publications.

HAY: And publications. So | was immediately able to start doing
research and as a result | was only there two years.

FINE: Could we just go back one short step? O the five or six
peopl e who were in your class at Alberta, did any of themturn
out to be as fanobus as you?

HAY: No. 1've lost track of nost of themat this point, with

t he exception of one fell ow who was on the staff at the

Uni versity of Alberta who is one of ny good friends; every tine |
go back there | see him | nean |I'm aware of where a coupl e of

t he others are, but you also keep track of the people a few years
on either side. For exanple, Alex Nickon is an exanple of a
graduate who went into acadene, and Leon [E.] St. Pierre, who
used to be here and is now at McGII. There are a nunmber of
others. There are a number who are in acadene, actually, when
you come right down to it.

FINE: Did nmost of the people end up going to the States to
graduat e school ?

HAY: Yes. At that time there were really only two graduate
schools in Canada. It was either Toronto or McGIIl. Sandin
woul d send a few students to McG || for graduate studies. For
sone reason he did not |ike Toronto and so he never sent anyone
to Toronto. As a result, there were about half a dozen schools
in the U S. that his people would go to regularly: 1llinois,

W sconsin, M nnesota, Berkeley, and occasionally soneone to



Harvard. St. Pierre went to Notre Danme and | think a couple of
ot her people went to Notre Dane also. He had built up contacts
at about half a dozen school s.

FINE: So you were really in a fertile environnment for organic
chem stry.

HAY: As | say, for the last two years of my bachel or's degree, |
was basically working full-time in the | aboratory and as well |
wor ked summers doi ng research projects. So fromthe time |I was
ei ghteen | was essentially involved full-tinme in experinental
chem stry.

FINE: Did any of this early work have anything to do with
pol ymer s?

HAY: No. Like nobst graduate organic chem sts, | never knew what
a polymer was until | ended up in industry. Well, | shouldn't
say that. There was a polymer effort going on at the University
of Illinois at that time with Speed Marvel, but people sort of

turned their noses up at the polyner chem stry at that era,
because they didn't have the tools available at that time to
really allow a proper characterization of a product.

Incidentally, that still holds today in chem stry departnments
even though the analytical tools are available for a ful
characterization; that is still a bias in the universities. You

can take the top twenty chem stry departments and there is no
pol ymer chem stry taught at all to speak of.

FINE: Things are actually getting worse, | think. Marvel was
not replaced at Illinois, for exanple; |I'mnot sure when [WIIliam
J.] Bailey retires whether Maryland will replace himwth a

pol ymer chem st; and so on.

HAY: It's kind of an unusual situation. So | worked for Nel son
Leonard on a natural products project (1).

FINE: | noticed the publications that you did with Sandin (2).

It al nost seenmed obvious that you would go to work for somebody
i ke Nel son Leonard and continue that sort of research. 1s that
why you chose to work for Leonard?

HAY: That was Sandin's choice for ne.

FI NE: That too.



HAY: Not exactly. Sandin chose the University of Illinois but
one chose the professor when there. There had been a | ot of
peopl e who had gone from Alberta to Illinois, by then, and people
foll owed after me. For exanple, two years later a fellow whom |
had known quite well at Al berta, Bob [Robert J.] Crawford, went
down and he is now back teaching at the University of Al berta.
When | graduated fromthe University of Illinois, | began | ooking
for a position in Canada but found that essentially there was no
research being done there. You really didn't have nmuch choice
but to go down to the U S.

FINE: Were you |looking for natural products? Pharmaceutical s?

HAY: No, not really. | was just interested in organic chem stry
and | could have ended up in alnmost any area. | interviewed wth
a fairly |l arge nunber of conpanies all around. The reason

chose General Electric was that they told ne that | could do

what ever | want ed.

FINE: Who told you that?

HAY: Jack [John R.] Elliott. He was also a University of
[11inois graduate. When they cane through they essentially told
me | could do whatever | pleased.

FINE: Actually one of the things that | find not even surprising
anynmore is that our Ph.D. candi dates have to be dragged ki cking
and screamng to interview G E.; they have no idea that G E

of fers careers for organic chem sts.

HAY: | did not sign up to talk to G E. \What happened was t hat
Elliott came out on an interview trip and he tal ked to Nel son
Leonard and Leonard asked ne if | would talk to him That was
the only reason | ended up interviewi ng at General Electric
because | had absolutely no idea..

FINE: Not hi ng has changed.

HAY: | had no idea that they were interested in doing any
chem stry.
FINE: You had a summer at Du Pont before that. Could you have

gone back there?



HAY: Yes.

FINE: Was the problemthat they didn't offer you the sanme anount
of freedonf?

HAY: That's right. Wth General Electric it just seened |like an
unusual situation.

FINE: You were at Du Pont in 1953; you really did get out in the
heyday of the chem cal industry. Wat kinds of things did you do
t hat sumrer you spent with Du Pont?

HAY: This was in the very early stages of the nmmjor programthat
Du Pont Central Research had on cyanocarbon chem stry.

FINE: Onh. Tetracyanoethyl ene. ..

HAY: Tetracyanoet hyl ene had just been discovered about a year or
so before, maybe 1951, so | was working on TCNE derivati ves.
During a summer you don't acconplish an enornmous anmount in a
coupl e of months' time, but it was a very interesting experience
and it at |east gave ne an idea of what an industrial |aboratory

would be like to work in. | spent a very pleasant sumer wth
four other Illinois students. W rented a house for the sumer.
We all worked in the sane place. It was a very enjoyable sumrer

going out to the beach in New Jersey and so forth.

FINE: Actually, this is probably junping a little bit ahead of
t he game, but TCNE chemi stry, that kind of chem stry, probably

| eads to quinone chem stry and anti oxi dant chem stry and a whol e
range of the things that you eventually got into.

HAY: The work that | did there was, as | recall, things |like the
reactions of TCNE with di methylaniline, which gives you
substitution in the four position, and this was one of the
materials that they tried to exploit as a dye. | did a |lot of
degradative studies on that. |It's interesting, of course, when
you | ook at an area like that. | don't know how many man-years

t hey spent on that project over the next ten years, but an
enormous number. | don't think there are any commercial products
to speak of fromthat massive anount of chem stry that was..



FINE: Interesting scientifically because of the electron fl ow
t hrough the nol ecul es.

HAY: O course, the original incentive was that it would

pol ymeri ze because it would be simlar to tetrafl uoroethyl ene
with those electronegative groups. It was really a surprise to
find that one of the cyano groups would di splace so easily.

FINE: That would have been the summer of your first year at
[11inois?

HAY: That's right.

FINE: Nelson Leonard was willing to let you go do that.

HAY: Yes. It was fairly comon, at least with Du Pont. Du Pont
had a pipeline to Illinois because, of course, they had Roger
Adans and Speed Marvel who consulted for them  Speed stil
consults for them In fact, |I remenber him saying that he had
spent eighteen nonths in Hotel Du Pont in WIlmngton in the sixty
years that he had been consulting for them or something |ike

t hat .

FI NE:  Poor guy.

HAY: So there was kind of a special arrangenment with Du Pont.

They encouraged students to go there for the sumer. | went
there for the one sumer. It isn't really that conmon now, is
it?

FINE: | would say at this point you' d be putting yourself in
jeopardy with your research sponsor if you wal ked in one day and
said, "By the way, chief, I'"'mgoing to work in industry for the
sunmmer . "

HAY: | think they truly felt that it was an integral part of a

person's education to be able to spend one summer at an
I ndustrial |aboratory.

FI NE: I would think that that would be invaluable and you are
t he beneficiary. Did it have any influence on your ultimtely
going to work in industry?



HAY:  Probably.

FI NE: How about your summer at NRC [ National Research Council]?
Did that provide any |long-term benefits to your career?

HAY: That was the sunmer before | went to Illinois. It was also
an interesting experience because it gave ne the chance to | earn
this marvel ous new technique, infrared. It is hard to imagine

today, with the analytical tools that we now have, that during

t he period when | was an undergraduate, chem stry was being done
about the sane way it had been about forty years ago, with very
little change. \When you ran an experinent, when you isolated
sonet hing, you did all your analyses, all of the carbon and

hydr ogen anal yses, all your own hal ogen anal yses, your Kjel dahl
nitrogen anal yses, so you were very careful to have pure sanpl es.
The only spectroscopic technique that we had avail abl e was
ultraviolet, with one of these little instrunents that would give
you one point at a tinme and then you'd have to plot your own
graph. Infrared was sonmething that we had heard of that was
comng along. | worked with R Norman Jones at the NRC who was a
pi oneer, primarily interested in infrared.

FINE: That's interesting because gas chromatography was com ng
al ong, so by the time you got to Illinois..

HAY: That was before G C

FINE: By just a year or two.

HAY: It was not avail able and NMR was still to cone. Resear ch
was done rather differently then than it is today.

FINE: When you were at Illinois, it was probably one of the
preem nent chem stry departnents in the country.

HAY: It was.

FINE: | guess [Elias J.] Corey was there at that time. Roger
Adanms was still active and Speed Marvel.

HAY: [Reynold C.] Fuson and [Harold R'] Snyder. It was clearly
one of the very top organic departnents in the world. It was a

very, very |arge departnment and at that time half of the
department was organic. Now, the breakdown is nore nornal

10



bet ween the various disciplines, but then it was highly oriented
t owards organic chem stry.

FINE: Were you aware at that time that you were in this hotbed
of organic chem stry?

HAY: Well, | certainly was aware of the nanmes because Snyder and
Fuson and Adans and Marvel were all really the big nanes.

FINE: Yes. Snyder and Fuson wrote the textbook (3).
[ END OF TAPE, SIDE 1]

FINE: Good old organic chem stry. Was that the feeling that you
got there or was polyners sonething that you sensed was going on?

HAY: Polymers was sonething that was attached to the work that
Marvel was doing. | don't think that nmost chem sts thought that
It was very exciting, again, for the reason the products of the
reactions were, to a |arge extent, uncharacterizable at that
time. A nunber of the things that were done in those days had
vile odors attached to them nercaptans as transfer agents for
vinyl polynerizations and so forth. | think he was sort of
separate, in sonme ways, fromthe rest of the group because
essentially all of his work was polynmer oriented by then.

FINE: The majority of the graduate students would just | ook
askance at going to work for Speed?

HAY: Many of them yes. That's right.

FINE: So Jack Elliott conmes along interview ng graduate students
and he sold you a bill of goods.

HAY: He invited me out for a trip and | managed to squeeze it
into the itinerary that one sets up when one goes to half a dozen

different places. When | cane here, as | say, | was just
attracted by the possibility of going sonmepl ace and doi ng what |
felt |ike doing. Obviously, as a summer student at Du Pont, |

didn't really learn too nmuch about the system but it did seemto
me that things there were reasonably well controlled, as far as

the areas that people worked in. [|I'mnot sure that | was very
know edgeabl e on the subject; | don't really know what the facts
are.

11



FI NE: VWhen Elliott talked to you at Illinois, was he able to
descri be organic research to you that was exciting?

HAY: | think it was probably nore the feeling that they had a
comm tnment fromthe powers that be to put a substantial effort
into trying to devel op new chem cal businesses. As you know,
their chem cal business was pretty small at that time. | guess
it was just appealing to be able to go to a place where it | ooked
li ke they clearly had the resources avail able and were interested
In getting into new businesses.

FINE: So you were really banking on an attitude for the future
rat her than anything about silicone chem stry or phenolics and

al kyd resins which really would not have been so exciting at that
time.

HAY: | can't even recall the interview at this point.

FINE: You interviewed here at Schenectady?

HAY: Yes.

FINE: Did you even know Pittsfield [ Massachusetts] existed?

HAY: No.

FINE: They kept that a quiet secret. So you finished up your

t hesis, which was essentially, in many respects, a continuation
of the kind of work you had done as an undergraduate, good old

organic chem stry, and you got here. VWhat was your first

proj ect ?

HAY: They essentially shook nmy hand and said, "There's the

| aboratory. Go talk to people.”™ | had a group |eader at that
time, a fellow by the nane of Don [Donald E.] Sargent, but | was
encouraged to go and talk to people to see if | could come up
with some topics of what would be interesting ideas to work on.
One of the things that | had worked on at the University of
Il1linois, actually the major thing, was doing oxidation of
nitrogen heterocyclics with nercuric acetate as the oxidizing
agent. That's kind of an interesting thing to run because
mercury is so heavy that the amount of reagent that you use
substantially exceeds the weight of the material that you are
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oxidizing. On a weight basis at least, it is hard to think of a
nore inefficient way to run a reaction. But | was sort of
interested in oxidation. Just in talking with the people, |

| earned, of course, what businesses the conmpany was in. They
were just in the |ast stages of devel opi ng Al kanex wi re enanel at
that time, which had been a very major project at the Center.
This is a polyester of terephthalic acid and ethyl ene glycol wth
sone trifunctional agent in it for crosslinking. O course, the
conpany at that tinme was also in the al kyd resin business, which

was al so based on phthalic acids. It |ooked |ike an interesting
area mght be to try and devel op sone chem stry that would be
useful for oxidizing xylenes to phthalic acids. |If you are going

to do that, it seened that the sinplest way would be to do it
with oxygen.

So | started to | ook for experiments to see if | could find
a way to oxidize the xylenes. It didn't take too |long before
came up with an interesting process in which you had a cobalt
catal yzed reaction initiated with ozone to raise the cobalt to
the trivalent state, after which it would be self-sustaining.
That worked quite well except, interestingly enough, it would
only work for the neta and para isoners. It wouldn't work with
t he ortho, which we figured out was because once you' ve oxidi zed
to sonme orthophthalic acid, it would chelate with the cobalt and
deactivate it. W then started |ooking at ways of getting around
t hat deactivation and | ooked for acids with different pKs to see
how it would be affected. One that we put in, a stronger acid,
was bronpacetic acid, and we were rather astonished to find that
the reaction just took off by itself. W soon found that the
reactive catalyst was in fact a cobalt acetate brom de, and this
turned out to be a very efficient catalyst for the oxidation of
xyl enes to the phthalic acids. This generated quite a bit of
i nterest and our chem cal engineering group got involved and we
started scaling it up to the bench scale just to see how good the
reaction was, and it | ooked very good. That was when our al kyd
resin plant burned down in downtown Schenectady. | think that
was in March of 1956.

FINE: So you had been here less than a year?
HAY: Yes.

FINE: Just one thing. Was there a group of people working on
this, or were you in the |ab by yourself?

HAY: | was by nyself.

FINE: So this was all your own thing. Elliott was your boss?
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HAY: Yes. He was the branch manager, at that point. As |
recall, Don Sargent was a group |eader at that tinme.

FINE: A Ph.D. chem st.

HAY:  Yes.

FINE: Jack Elliott is a Ph.D. chem st, as well.

HAY: Yes. University of Illinois; he worked for Speed Marvel.
FINE: | see. It's the "old boy" system at worKk.

HAY: Absolutely. After the plant burned down, we proceeded on
the project for a while, but the conpany was | ess than

ent husi asti ¢ about devel oping a process for phthalic acids
because |l ater on in the year or the next year, | don't remenber
whi ch, they sold the business to Archer Daniels Mdl and and got
out of the business conpletely. At that point, they didn't
really have any interest in backward integrating. They did a
study of the process over in our chem cal departnment in
Pittsfield and they came up with a projection that terephthalic
acid would only be a specialty chem cal in the reasonable future
and on that basis the project was killed. | still have a copy of
that report; it's kind of interesting to |look at. The whol e
thing got killed at that point and we didn't file the patents the
way we shoul d have. Then another surprise cane al ong because in
a patent issued to Scientific Design, then it was [Alfred] Saffer
| think, claimd a process with a brom ne assisted oxidation of
xylene to terephthalic acid. The differences in the processes
were that whereas the process that we had devel oped took pl ace at
essentially atnospheric pressure and 120°C, and it gave
essentially quantitative yields of terephthalic acid, the
Scientific Design process took place under pressure at about
190°C for a ninety percent yield. But it ended up with them
havi ng the basic patents on the brom ne assisted process, even

t hough I feel there was a substantial difference fromours. The
probl em was that we did not really do the job that we should have
in filing the patents. For exanple, we never filed overseas
patents. As a matter of fact, that resulted in changing the
whol e process for filing overseas patents; subsequently the
Center was al ways consul ted on whet her sonething should be filed
overseas. That [oxidation] process becanme the basis for nmost of
t he production of terephthalic acid worldwi de today. It was sold
to Anoco and this is the process that Anpoco uses today. | stil
don't think they have quite the right process, but that's by the
way .
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FINE: | don't know how you deal w th decision naking and

hi ndsi ght, but there are so many instances where you can point
out sonmething |like that where, but for having made just a
nodestly different decision, you would have had a busi ness of
great proportion. The polynmer industry is full of exanples of
that. All the people who passed up the polyethylene |icenses
when [Karl] Ziegler came over here, for exanple.

HAY: The future is pretty difficult to predict, isn't it?
Anyhow, we were rapidly getting out of that project and we

conti nued on ahead | ooking at different substrates that we coul d
oxi di ze. Some chem cal engineers were added and there was

anot her fellow working in the |aboratory with me, John Eustance,
and then there was another fellow, [Harry S.] Blanchard, who was
brought onto the project. He worked on sonme of the mechanistic
aspects of the process. But after these decisions, the effort
was rapidly de-escal ated and we started | ooking around for other

things to work on. At this point I was still very interested in
catalytic oxidations, as | really felt it was a theme worth
pursuing. | still had no interest in polymer chem stry per se,

because | hadn't really been involved in any polymer chem stry
except that the products of this process potentially would go
into the pol yner businesses that the conpany had at the tine.

FINE: Were you very nmuch aware of the polycarbonate work that
was starting in GE. ?

HAY: Not too nuch. | had talked to sone of the people over at
Pittsfield because they at one tinme were considering scaling up
the terephthalic acid process. So | was certainly aware of it.
Of course | knew they were in the phenolic resin business and
that was why | read the thing that triggered off the new area
got into, a Russian paper which reported a very sinple catalytic
oxi dation of aniline to azobenzene. This process was rather
remarkable in that it went at room tenperature and gave the
product in sone very high yields sinmply by taking a pyridine

sol ution, adding sonme cuprous chloride as a catalyst and bubbling
oxygen through it. The traditional way of making azo conpounds

is quite a bit nmore conplicated than that. | did a little work
then just to see whether or not there were any diam nes avail abl e
that m ght make a polymer. | knew that nuch about polynmers. In

retrospect the materials that were chosen were such that, even if
they went to a polymer, it would be so highly crystalline and

i nsol ubl e that you wouldn't be able to get nuch out of it.
Actually there was a fair amunt of work in subsequent years,
particularly in the U S.S.R, and a |ot of papers cane out, but
not hi ng, not surprisingly, ever canme out of it. As we were in

t he phenolic resin business and we were getting into the

pol ycar bonat e busi ness, the basis for which was bi sphenol, | was
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really interested in the possibility of taking a system such as
t he one for oxidation of aniline and seeing if you could run a

catal ytic oxidation and get a product. | probably was thinking
nost of the tinme of getting bisphenol out of it, which would be a
raw material for the emerging polycarbonate effort. |Immediately

| started to see what kind of phenols one could oxidize. The
si npl est one, phenol itself, gives absolutely no success.

FINE: You get all these quinones, these terrible things when you
oxi di ze phenol s.

HAY: Yes. You get all sorts of things. 1In retrospect, in the
oxi dati on of phenol, al nost anything that happens gives a product
that will oxidize easier than the starting material so you

automatically end up with a very conplex ness. To sinplify the
reaction, the sinplest thing would seemto be to | ook at various
substituted phenols to elim nate the number of reaction
possibilities. A hindered phenol |ike 2,6-ditertbutyl pheno
carbon-carbon coupled to the four position; of course this

chem stry was well known in the literature by then. There had
been a fair anount of work on that and simlar systenms, so we

| ooked at materials |ike the naphthols. Wth betanaphthol, you'd
get some carbon-carbon coupling. W went through a nunber of
experiments, and then it turned out that one of the sanples in

t he stockroom was a bottle of 2,6-di methyl phenol and we tried
that reaction. We were a little astonished to see the reaction
stay nice and green, but in a few m nutes the reaction becane

very viscous. Again, | really knew next to nothing about
pol ymers at the time, but | guess | knew enough to know t hat
sonet hi ng unusual had happened. | renenber isolating the

mat eri al by dunping the reaction m xture into nethanol and
washing it and ending up with a product that would dissolve in

chl orof orm and, on evaporation, would produce a film | renmenber
taking it down and going into Elliott's office and showi ng him
this. He was having a neeting then; | guess nobody knew I was

working in this oxidation area. O course, nobody believed the
reacti on because it was unprecedented as a pol ynerization

FI NE: It wasn't a condensation and it wasn't an addition. Vhat
had you done?

HAY: It didn't take very long to get the anal yses, such as were
avai lable at that time. W didn't have any capabilities for

doi ng any nol ecul ar wei ght determ nations, for exanple. But its
properties showed that it was a reasonably high nol ecul ar wei ght.

FINE: Fromthe viscosity.
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HAY: That's right.

FINE: Was this whole thing in one day? It wasn't sonething that
you had to take weeks to set up or anything.

HAY: That's right. In fact, just a norning.

FINE: What were the reaction conditions? You just dissolve this
xyl enol . ..

HAY: All you do is take pyridine, add a little bit of cuprous
chloride to it, put in the 2,6-xylenol, stir it and bubble oxygen
through it and in twenty m nutes you have a polynmer. It's hard
to think of anything easier.

FINE: At room tenperature.

HAY: At room tenperature. The reaction was exothermc so it
would warm up to 50° or 60°. Clearly sonething was happening
because it was a very exotherm c reaction.

FINE: Have you denponstrated this subsequently, how easy it is to
make a pol ynmer?

HAY: Actually it is used in a couple of schools. The University
of Massachusetts, for exanple, has it in their |aboratory manual

for students. |It's one that should be used, because it's so
easy. It's one that should be used in graduate |aboratories.
FINE: | knew there had to be a better way of doing these things.

|'ve been | ooking for polynmer denonstrations to put into our
organi ¢ synthesis |aboratories. They're very hard to find,
experiments that are relatively easy to do.

HAY: You don't have to worry about purifying things and you
don't have to have it anhydrous. You don't have to have it in
t he absence of oxygen, because you're using the oxygen as a
reagent. It's hard to imagine a nore fool proof polynerization
experi nment .

FINE: When you wrote this up in your |ab notebook, did you make
sone profound or prophetic comment about it?
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HAY: | have no idea. 1'd have to look. | certainly could | ook
t hat up.

FINE: You did think it was a big deal right away, didn't you?

HAY: | guess | don't really know. It was certainly unusual; I
didn't know enough about polynmers to know whether or not it was a
big deal. Most people thought it was kind of an interesting

reaction, but you have to renenber the chem cal background for
nost of the old-timers around here was in wire enanels. Their

first thought was, "If it's not any good on wire, it's not any
good for anything." That was really what people would tell you.
You'd show t hem sonething and the first thing they'd say was, "Is

it any good on wire?"

FINE: | guess that's a throwback to Edi sonian research. You had
been here a year.

HAY: No. That was August of 1956, so that was about a year and
a half. | came in March of 1955.

FINE: How long was it until somebody decided that it was really
worth exploring? Was it a day, a week, or a nonth? Wre you
really on your own to decide to follow this up? You could have
concei vably set this aside and gone back to your basic idea, or
you coul d have said, "This is really interesting.”

HAY: People were very interested because it was a new
pol ymeri zation reaction and a very novel one.

FINE: You showed themthe filmright away?

HAY: | can't recall. That was one of the first things that we
did. It was really the sinplest way to denonstrate that you had
sonething. There was quite a bit of interest in it, and we
started to make sonmewhat |arger quantities so that we could get a
better feel for it and get sone idea of the material properties.
We had no really good facilities around; we couldn't even neasure
an intrinsic viscosity. Sonme people in the polynmer physics area
had sonme equi pment. Getting a nol ecul ar wei ght determ nati on was
a big deal at that tine, because you had to get an osnpotic

nol ecul ar wei ght and that m ght take you weeks or, with |ight
scattering, it mght take you even longer. And after you got

t hem you couldn't rely on the results. You really relied on
viscosity and el enental analysis and infrared. That was really
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about all we had at the time. The other thing you nust renenber
is that 2, 6-dinethyl phenol was not really an item of commerce.
The sanple we had was from Shell O material and was really a
by- product of the coal tar industry and was relatively inpure.

At that tinme, it was a relatively expensive raw material. In
relatively short order, people heard about this reaction in
Pittsfield but there really wasn't too much interest because they
were very busy. They had a case of indigestion just devel oping

t he pol ycarbonate business at that tine.

[ END OF TAPE, SIDE 2]

HAY: | can't renmenber exactly how many people were involved, but
t he project was expanded. We had sone people trying to make
| arger quantities of the material for eval uation.

FI NE: This was still under Elliott's direction, wasn't it?

HAY: Yes, it was. | began to | ook at enlarging the reaction to
see what happens to other phenols.

FINE: Wthout really having a feel for the properties of the
pol ymer yet.

HAY: That's right.

FINE: It was just a polynmer and therefore...

HAY: Yes, but it was in a relatively short time that we got sone
feel for sone of the properties for the 2,6-di nmethyl phenol
polymer. It was relatively easy to get the heat distortion
tenperature and the glass transition tenperature but then, we had
t hese parallel efforts in scaling up the material, scoping the
reaction and then, shortly afterwards, also had sonme people that
began to | ook at the nechani sm of polymerization. No one had
absolutely any idea of why this polynmerization took place, and it
really took a nunmber of years to get a good idea and a good feel
for the mechani sm of the polymerization. Two or three people

wor ked on that for quite a long period of tine.

FINE: |If PPO had not been clearly prom sing, based on the
properties of the polymer, would a study of the mechani sm have
foll owed as a consequence of the atnosphere and attitudes up here
i n Schenect ady?
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HAY: | guess that's hard to say. | think that it hel ped that
the first experiment gave high nol ecul ar wei ght |inear polynmers.
If we had a | ow nol ecul ar weight material, it probably would have
gotten thrown away. It would have been unusual but people in the
literature had done oxidations of 2,6-dinethyl phenol w th other
oxi di zi ng agents and had gotten nostly carbon-carbon coupling
products plus sonme | ow nol ecul ar wei ght by-products, which they
di scarded, but in retrospect were probably oligoners of maybe ten
units, well below the point with any polyneric properties.

FINE: You' d need what, one hundred units before you'd start
seeing typical polymeric behavior?

HAY: Probably. At fifty you' d probably start seeing sonething,
but you'd have to get closer to one hundred before you had cl ose
to the optinmum properties. The project went on for a nunmber of
years, exploring it as a new polynmerization nethod. Mybe that
answers your question. The project was continued w thout know ng
whet her there was any commercial possibility, and w thout getting
really too much encouragenent fromthe chem cal business. | also
t hen began goi ng back to see whether indeed you could polynerize
phenol. In analogy to enzymatic oxidations, one way would be to
change the catalyst so that the catalyst actually physically

bl ocks the ortho positions, so we began | ooking at different

catal yst structures. It had sonme success. W were able to make
hi gh nmol ecul ar wei ght pol yners from phenol .

FINE: You were using conplex am nes?

HAY: But we were never able to make linear polyners. W'd

al ways wind up with a substantial anount of branching, a high

nmol ecul ar pol ymer, but highly branched and wi t hout any usef ul
properties at all. That is still considered a major carrot
because that polymer has now been made by a different means.
Peopl e have made the high nol ecul ar wei ght Iinear polyner by
condensati on of parabromphenol and have shown that it is a
material of interesting properties. It has properties simlar to
Myl ar, except that it would be very hydrolytically stable,
because it's an ether.

FINE: |Is this Carbide chem stry?

HAY: No, this was done at Du Pont and at 3M

WSE: Wy is the |inear polymer better than a branched one?
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HAY: To have the properties you have to have entangl enent of the
chains. Wth highly branched material, then it's just a bl ob of
material in a solution so you get no entanglenment. That's
probably still an interesting carrot because the problemw th the
product from parabronophenol is that it is an interesting

mat eri al but the cost would be nmuch too high. You have to nake
sodi um salts and you have to have high tenperatures and expensive
solvents for fairly long reaction tinmes. Whereas if you could do
it by direct oxidation of phenol, you would have a real w nner
even today.

FINE: Can you spin a fiber out of PPO?

HAY: Yes.

FINE: This was the heyday of the fiber business.

HAY: Why don't | cone back to that part of it, once we get to

t he comrercialization. Anyhow, the whole thing went on for about
four years before there was any interest at all from our chemca
department in Pittsfield.

FINE: Was that because of the pol ycarbonates?

HAY: That's correct. At that tine the polycarbonate business
was on its way and their chem cal devel opnment operations, which
was an entrepreneurial group that was fornmed to devel op new
products, began to get interested in what their next product
woul d be. So they decided to have a new | ook at the polyner from
2, 6-di met hyl phenol. We had given up, at that point. Earlier

t hey had suggested that if you can oxidize phenol or orthocresol,
or sonething that was commercially avail able, you' ve really got
sonmet hing. But at that point we had essentially given up on
being able to make |inear high nol ecular weight polymers from

t hose phenols that were comercially available. So then they
decided to | ook again at the 2,6-dinethyl phenol polynerization
and they started to scale it up in Pittsfield.

FINE: What about your own career at this point? You had been at

G E for five years. Was Elliott still your boss?
HAY:  Yes.
FINE: And Sargent, was he still in the picture?
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HAY: No, he had gone at that point. He went to work for 3M

FINE: Had you advanced to the point of being the equival ent of
Sargent, let's say?

HAY: No. We didn't have any managers at that point. W had a
group that just worked together.

FINE: It sounds like a good arrangenent. Fewer chiefs and nore
I ndi ans.

W SE: Were you able to publish under Elliott?

HAY: The first publication was in 1959, which was before they
started working on the comrerci al devel opnment in Pittsfield (4).
The project was three years old at that tinme. W had our patents
well filed, so we were able to convince people that we should put
in a comunication to the editor of JACS [Journal of the Anerican

Chem cal Society], which we did.

FINE: Did that generate a | ot of interest?

HAY: Quite a bit. It is interesting that it brought out of the
woodwor k sone ot her work that was going on, or had been going on,
I n other places. For exanple, we nentioned Leon St. Pierre
earlier. Leon St. Pierre had worked for Charlie [Charles C.]
Price when Charlie was at Notre Dane. It turned out that Price
had been wor ki ng on the polynerization of 4-bronpo-2, 6-

di met hyl phenol and had been able to obtain | ow nol ecul ar wei ght
polymers and he still had a project going. | guess it was a bit
of a surprise to him

FI NE: Did Leon work on that?

HAY: No. Leon worked on pol ypropyl ene oxi de when he worked with
Charlie Price.

FINE: When Leon was here, was he involved in polynmers at all?

22



HAY: He was involved in polynmers, yes. He got involved in
silicones. He ended up going nore in the physical chem stry
direction rather than the synthetic direction. | guess he knew
Charlie Price was working on this. So it got a fair anount of
people interested and | think it also got a few people in

I ndustry involved; there was an effort started in this area and,
as things go in the patent area, we did end up with an
interference at one point with the work that Price was doing,

whi ch he had assigned to U.S. Rubber. | think it was U. S. Rubber
that he had sold it to. When we went to Du Pont we were able to
show that we had made hi gh nol ecul ar wei ght polymer and they
hadn't; we preceded them anyhow.

FINE: You were a lot nore sensitive to patent matters at this
poi nt because of the terephthalic acid business?

HAY: Yes. | had had an indoctrination in patents, and at that
point | was reading the Oficial Gazette.

FINE: How about the polycarbonate patents? Wre you al so aware
of difficulties in the offing with the Bayer and the G E
patents?

HAY: Not in any great detail, but certainly I was aware of it.
Anyhow, they started putting effort into it in Pittsfield, and
then in relatively short order we were able to make fairly
substantial quantities of the material.

FINE: When you say "they" started making efforts in
Pittsfield,..

HAY: | n 1960, yes.

FI NE: ...who was that?

HAY: The manager of the chem cal devel opnent operations at that
time was Reuben Gutoff, and |I guess Dan [Daniel W] Fox was
working for him Dan had a critical part in bringing the
material to his attention.

FINE: |Is it a process devel opnent effort that is going on at
this point?
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HAY: Initially it was sinply a scale-up to make | arger
quantities.

FI NE: For eval uati on.

HAY: For evaluation. To see if you could mold it or do anything
with it. Then, | can't remenber the exact date, they also hired
[John F.] Jack Welch

FINE: Who is "they"?

HAY: Gutoff and Fox. | don't know who did it actually.

FINE: Everybody clainms they hired Jack.

HAY: Yes. | don't know who actually gave himthe offer letter.
|'ve heard a nunber of people claimit. Mybe you'd better ask
Vel ch.

FINE: Welch was part of this Illinois networking, as well.

HAY: Yes. | was on the recruiting teamthat interviewed him
when he was |ooking for a job. It would have been the recruiting
season of the fall of 1959 because he was getting out in md-
1960, sonmething like that |I think. As far as | could see he had
basi cally decided that he wanted to work in Massachusetts because
t hat was where he had been raised. There were not too many
choices. | think he picked General Electric..

FINE: Because of geography? 1Isn't that sonething.

HAY: It mght be interesting to ask himthat. W also started
| ooki ng at other types of materials which could be oxidized, and
| ater on we had oxidation projects with various substituted
acetylenes and spent a lot of effort in that area. That project
al so got to the point in the |ate 1960s where we had quite a

| arge effort here. It got to the pilot stage to make these
materials as precursors for carbon fibers. The materials were of
i nterest because the basic polynmer has the enmpirical fornula
C10H4, which neans it contains 96.75% carbon, and yet you can
make a transparent filmor fiber fromit. Clearly then, you
don't have very far to go to convert it to pure carbon since it
is al nost there. One of the potential advantages appeared to be
that, since you had a very small weight loss in going to the
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carbon fiber, you should be able to do it faster. The
conventional nmethod with sonething |ike polyacrylonitrile
requires a very long time to go fromthe polymer fiber to the
graphite fiber, and is therefore not readily anmenable to a
continuous fiber spinning graphitization process. They felt that
even though the raw materials would be nore expensive, the yields
woul d be twi ce as high because you | ose hardly any wei ght and you
m ght have significant advantages in the materials processing.

We were able to make graphite fibers that were equivalent to the
best that were being made by any nethod then. But we coul d not
get any interest from chem cal business to pursue this project,
so it was stopped.

FINE: Did you have any inkling that the polyacetyl enes were
conducting polyners at that time?

HAY: No, because these ones aren't. They're conpletely
different types of structures. When you polynerize acetyl ene you
really end up with alternating double and single bonds. W're
tal ki ng about oxidative coupling, which gives you a conpletely
different type of nolecule. The ones we were particularly
interested in weren't conjugated either. You had to have the
unconj ugated ones to have solubility. That was another major
project that came out of the oxidative coupling work. 1In
retrospect, | think it was a good decision not to pursue the
carbon fibers, because even today it is not a |large business and
nobody i s maki ng any noney on it as far as | can see. It is one
of these businesses that the Japanese have targeted to take over.
And their industry | think is one hundred percent over capacity
in the world for carbon fibers, and the Japanese are stil
bui | di ng pl ants.

FINE: Getting back to the 1960 period, were you directly
involved in the commercialization process and getting it over to
Pittsfield?

HAY: Yes, as far as talking to them about the right way to run
it, going back and forth with them | don't know when it was
that it actually got to the point where they thought it was
interesting, but then they set up a special polyner products
operation, as | think it was called. They soon got to the point
where PPO | ooked to be a very interesting materi al because of the
hi gh glass transition tenperature and the hydrolytic stability.
That was the one thing that distinguished it from polycarbonate,

t he Qédrplytic stability. It had very good electrical properties
i n addition.

But soon the real barrier becanme nononmer availability. They

scoured the world for xylenol and ended up being able to get
i npure xylenol. Then the challenge was to devel op a purification

25



met hod. [|f you had to go that route, one, there was a |limted
anmount of the mononmer available fromcoal tar, and two,
purification could add substantially to the cost. So a program
was initiated to try to develop a synthesis for the nmononmer, and
t he key person who was brought in on that was Steve [ Stephen B.]
Ham I ton. He | ooked at a nunber of different methods of making
It, and there were two nethods that |ooked attractive, one based
on cycl ohexanone and formal dehyde, and the second, which turned
out to be the nore attractive, was from phenol and met hanol .
Wth the right catalyst, a magnesi um oxi de catal yst, you could
sinply take those two and pass them over a hot tube containing
the catalyst and end with a high yield of 2,6-dinmethyl phenol.

FINE: Was this a G E. process?

HAY: Yes.

FINE: From Schenect ady?

HAY: Yes. So what had been a relatively unavailable materi al
all of a sudden becane very available, and from very inexpensive
raw material s

FI NE: This was the 1960s?

HAY: This was 1962, | woul d guess.

FINE: Was this sonmething you thought could be done and was j ust
a question of finding the process? It wasn't a surprise.

HAY: No. | think there was a feeling; there had been a | ot of
wor k done on the al kylation of phenols.

FINE: The ortho-al kyl ation busi ness?

HAY: Of course that was with ol efins, but there had been work
done on al kylation with alcohols and certainly work with

al kyl ati on by nethanol. | think the surprise was that you coul d
get such a high degree of selectivity for the 2,6 product. That
was a very pleasant surprise and one that renoved a major barrier
to the commercialization of the product.

26



FINE: At this point had you ever been asked, or thought about,
novi ng out of Schenectady over to Pittsfield and getting into the
managenent of product devel opment and marketing? You know, to go
the typical route?

HAY: No.
FINE: Nobody ever tried to pressure you into doing that?

HAY: |'msure | had been asked and had been quite explicit that
| had no interest in that.

FINE: Was there ever any thought to having a research support
group over there in a formal way?

HAY: They did. That was where the chem cal devel opnent
oper ati on was.

FINE: So Fox, in a sense, was doing work in that group?

HAY: Yes, there was a | ot of back and forth. W' ve always had
very close interactions with the groups.

W SE: That was less true with the polycarbonates, though, wasn't
it?

HAY: The pol ycarbonates were an exception. Fox discovered that
in the | aboratory here, and there was not really nuch done beyond
a couple of experinments because they could not generate any
interest in the managenment in Schenectady. It was really only
because of a key manager in Pittsfield in the chem cal

departnment, Al [ Al phonse] Pechukas, who had had a background in
al i phatic polycarbonate chem stry at PPG | guess Fox brought
this to his attention and he becane very interested and

champi oned its devel opnent. There was essentially no interaction
bet ween Schenectady and Pittsfield on that project.

FINE: Was Pechukas the one who really forced the issue on

pol ycarbonates? The reason |I'm so amazed i s because his son
[Philip Pechukas] is the chairman of the chem stry departnment at
Col unbi a.

HAY: | didn't know that. Is Al still alive?
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FINE: Yes. He's in his early seventies, sonething like that.

HAY: | think as you go through the chain of events, he certainly
I's one of the very key individuals as far as the pol yner business
at General Electric is concerned.

FI NE: I don't think Phil knows that. "1l have to tell him

HAY: He was nmanaging a group over there, and he clearly was the
one who chanpi oned the pol ycarbonates and started them off on
their profitable road.

WSE: It was really your work that began the tradition of close
col | aboration between Pittsfield and Schenectady, which pretty
much continues uninterrupted until this day.

HAY: That's right.

W SE: Another thing we heard, | guess in talking to Charlie
[Charles E.] Reed and also from sonme other sources, was that
there was sone difference of opinion in Pittsfield between the
peopl e who wanted to keep all the resources on polycarbonates and
t hose who didn't. Did you get involved in that?

HAY: Yes, there were discussions on that. The polycarbonate
peopl e wondered why we needed anot her material having conparable
properties to polycarbonate. Of course the reason they wanted
anot her material was they had a group chartered to conme up with
anot her product. PPO just happened to be the nost |ikely

candi date to pursue at that tine.

FINE: Were there financial constraints inposed on the
advancenent of PPO because of the npbneys required to get
pol ycarbonates into the marketplace in a big way?

HAY: No question about it. They had no interest in |ooking at
anyt hing el se other than polycarbonates, and rightly so. They
didn't have the resources to take on two sinultaneously. It was
only when the one was well on its way that they were able to pick
up anot her.
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FINE: What kind of role did Jack Welch play in this period
bet ween 1960 and 19627

HAY: Well, he rapidly advanced in managenment during that period.
Since he was, right fromthe beginning, on the chem ca

engi neering side, he was part of the comercialization of the
product. As he got nore involved in managenent he took on nore
aspects of the comercialization.

FINE: Did people then regard these polyners as engi neering
plastics with special properties as they do nowadays? At that
time, there was only one engineering plastic, nylon.

HAY: | think the feeling was that there would be a place for
hi gh performance materials that had properties beyond the
commodity materials. There was a | ot of specul ation on what
products they would go into, alnmost all of which were wong. And
of course, as you know, the real success of the business depended
on the really great marketing effort.

[ END OF TAPE, SIDE 3]

FINE: By the 1970s, with PPO, polycarbonate, and nylon on the
mar ket, there is a whole genre of engineering plastics.

HAY: Probably at that time you would have had difficulty finding
anybody who coul d have projected that the business would be the
size that it is today. | think that they were viewed only as
specialty products, perhaps ultimtely of tens of mllions of
pounds, not the hundreds of mllions or the billions of pounds
that they will be. There is a difference in scale; people just
didn't dream of the business being that size.

Anyhow, we'll conme back to the question that you had about
fibers. W had published that paper and then we gave sonme papers
at an IUPAC neeting. | can't renenber the year but it was in
Montreal; it m ght have been 1960 or 1961 (5, 6). The Dutch
conpany AKU becane interested in the chem stry after having seen
t he publication, and they sent over one of their fellows to that
meeting, Jan Bussink. He introduced hinmself and we tal ked
afterwards. One thing led to another and a year or so |ater a
joint venture was set up with AKU. At that tinme they set up a
| aboratory in Arnhem and began working on it [polyphenyl ene
oxide]. Their interest in the material was potentially as a
fiber. They had a | ot of very creative chem sts in Arnhem and we
had paral l el progranms |ooking at nmechani sns and we woul d have
nmeetings with themperiodically to discuss the chem stry. They
made a | ot of significant contributions to the chem stry of
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oxi dati ve coupling polynerization.
FINE: This would be the late 1960s?

HAY: | guess the mddle to |ate 1960s. Anerican Enka is a
subsidiary of AKU; AKU is now called AKZO. They have a pl ant
down in North Carolina where they set up spinning facilities.
General Electric knew absolutely nothing about the fiber

busi ness, so this was a potential opportunity to get into a new
busi ness.

FINE: Can you spin polycarbonate into a decent fiber?

HAY: You can spin it into a fiber, but it is not terribly
interesting because it is soluble in so many things and it does
not have the hydrolytic stability. They were interested in PPO I
guess principally because of the hydrolytic stability, stable to
a strong base so you could wash it. You mght have a little
difficulty washi ng pol ycarbonate because it woul d di sappear in

t he washing machi ne. However, we couldn't understand why they
were interested in PPO because it is not a crystalline material.
It's anmorphous and is soluble in dry cl eaning solvents and
simlar liquids. When | asked they said, "Well, that's okay.
There's a place for this in the white goods market." They put a
rather |large effort into devel opnment. Depending on how it was
spun and subsequently woven, they could end up with a fabric that
felt like wool or like silk, with good appearance and handl e, and
it looked like a very attractive material. A couple of little
problens. It turned yellow in sunlight, which is a little bit of
a problem They didn't seemto be worried at all about its
solubility in things like dry cleaning solvents because of this
special market. The thing they overl ooked was that it is

I npossi ble to manufacture the material in a textile plant because
t he machinery is covered in oils and greases which get splattered
onto the cloth. The fabric has to be washed with a dry cl eaning
solvent. You couldn't manufacture the material w th existing
technol ogy for making cloth, because of that problem So that
sort of died.

In the interimwe had, as | said before, given up trying to
make |inear polynmers from phenol, which would have been
attractive because they would have nmuch better oxidative
stability than PPO itself. Instead we turned our attention to
trying to make a conpletely aromatic polynmer. W worked on
replacing the nmethyl groups with phenyl groups nmaking 2, 6-

di phenyl phenol. After quite a bit of effort we not only
devel oped a facile synthesis for the nmononer but also an
excel l ent polynerization. It turns out that you can make the

nonomer in a two-step reaction fromcycl ohexanone. Sinply self-
condense cycl ohexanone to the trimer, dicycl ohexenylcyclo-
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hexanone, and then dehydrogenate it and you have 2, 6-
di phenyl phenol. That process went into a pilot plant in
Pittsfield and we started working with that material. It | ooked
very interesting for a nunmber of reasons. One, it was thermal
oxi datively stable because it is an all aromatic system But in
contrast to the polynmer from 2, 6-di net hyl phenol, it likes to
crystallize and if you heat it above the glass transition
tenmperature, which is about 235°C, it crystallizes and then it
melts at 480°C. The problemw th that was you couldn't consider
using it as a nolding conmpound, which was the only busi ness that
General Electric knew, because there is no way you can nold or
extrude or otherwi se process it if it crystallizes on you. Wth
a nmelting point of 480°C, it would essentially set up in the
process equi pnent. Because of that we did not pursue it then.

If we were doing it today we probably would have nodified the
polymer to make it nol dabl e, because potentially it is a
relatively inexpensive nolding conpound with sone interesting
properties. For exanple, the electrical properties are superb
and it has one of the | owest dissipation factors of any pol yner
known; since its glass transition tenperature is 235°C, its

el ectrical properties remain constant over a very w de range. As
you made the material it was anorphous and was in solution, so
you could either cast filnms or spin fibers out of it and then
post-crystallize it. W did not really have the capability to
develop a fil m business and, although there was a fair amount of
work done in Pittsfield, it never got to the point where it was
really pushed as a commercial business.

FI NE: This was what was called P30

HAY: That's right. So when the PPO [fiber] project went down
the drain, the people in the Netherlands picked up P30 and began
to develop it as a fiber. They were interested in it as an

i ndustrial fiber. One of the major application areas that they
were | ooking for was as a cloth that would be used as electrical
i nsulation in the EHV underground cabl e, again because of the
superb electrical properties that were constant over a very w de
tenperature range and its thermal properties. They proceeded
with this and got to the point where they had a plant in

Anmst erdam t hat woul d manuf acture about twenty-five tons a year
for evaluation. Then in the general malaise that hit the fiber

i ndustry in Europe several years ago, all ventures were killed

essentially and the project died at that point. Prior to that,
of course, what had been a joint conpany between AKU and Gener al
El ectric had been dissolved and G E. bought out AKU. | don't

remenber what year it becane one hundred percent G E. owned and
P30 was |icensed to AKZO for commerci al devel opnent.

FI NE: Is that still the case?
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HAY: |I'mnot sure. Nothing is going on with this material now,
as far as | know.

FINE: Was it an interesting material as a fabric, do you
remenmber ?

HAY: Yes. But again, it was nostly interesting then as an

i ndustrial fabric because of the high tenperature and sol vent
resi stance and the electrical properties. | think, know ng what
we know today as far as handling materials is concerned, that is
one that we probably would have done differently.

FINE: Well, there are not too many engineering plastics that are
fibers, other than nylon.

HAY: That's right. Anyhow, com ng back to PPO, they rapidly got
to the point where they were commercializing the material, formed
t he polymer products operation, and built a plant in Selkirk, a
huge ten-m | lion-pound-a-year plant.

FINE: By 1965 standards.

HAY: Right. They took quite a ganble on building that. Then of
course the real problem arose with PPO in the marketpl ace,
because manufactured products kept failing.

FINE: They built the plant in Selkirk before the devel opnment of
a polystyrene bl end?

HAY: It was on the way. They had a sem -works, | forget what
the scale was, in Pittsfield. So a |ot of the work was product
devel opnent, nost of it done out of the new material nmade in
Pittsfield. | can't remenber what the exact tim ng was when the
pl ant came on stream

W SE: But they had commtted to it just on the expectation of
PPO al one.

HAY: Yes. Absolutely.

W SE: Even knowi ng the weaknesses. That was pretty well known
fromthe beginning, wasn't it?
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HAY: Yes. It was overlooked or glossed over. You know, ask any
chem st about the oxidative stability of this polynmer and he
woul d say, "Not too good," especially when you | ook at the end
group. It looks like a big antioxidant, essentially.

FINE: That's what everybody was interested in in those days.

HAY: But it did have the high glass transition tenperature and
hydrol ytic stability, and that gave you nolded materials with
really excellent dinmensional stability. The problem was that if
you took it out to a commercial nolder and if he didn't use
tender loving care in nolding, which none of them do, you ended
up with a |Iot of oxidative degradation of the material and

obvi ously what went in one end of the nolding machi ne, did not
conme out as the sanme product at the other end because it was
degraded. All along there had been a substantial amunt of
effort going on, principally in Pittsfield, in blending PPO with
a variety of other materials. W also had a project going on in
thfllgboratory here; what was that recording tape materi al

cal | ed?

FINE: Myl ar?

HAY: No. It was a special recording tape.

W SE: Oh, thernoplastic recording.

HAY: Yes. Thernoplastic recording was bei ng developed in the
Center here. This required plastic tape, and on top of that you
had to have a thin |layer of a thernoplastic material with a gl ass
transition tenperature | ow enough so that when hit by an el ectron
beam there would be a deformation of the film Those
deformati ons could be run off, and with the appropriate optics
you could get a color picture. It was a neans of recording

t hi ngs; what was required was a thernoplastic that had a very
speci fic softening range. Edith Bol debuck was working on this in
t he same | aboratory, and she found that a ternary m xture of PPO
pol ystyrene and di phenyl silicone was conpletely m scible and that
by taking appropriate ratios of these she could get sonething
with exactly the softening range needed for this application. 1In
t he same set of experinments she found that PPO and pol ystyrene
were m sci bl e.

W SE: Was t hat work done here?
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HAY: Yes. Not so long ago | found an old note that she had

written; she had actually tried to get people interested in this
bl end of PPO and pol ystyrene, with not too much success. But at
any rate, they were faced with a crisis then within the PPO area.

W SE: \What do you nean "a crisis?" Was that because the market
woul d not grow to | arge enough proportions?

HAY: Yes, that's correct. Wth the failures they were having in
t he mar ket pl ace, there was a question of whether they would be

able to sell any reasonabl e anount of material. Certainly ten
mllion pounds was com ng on stream and they wanted some
expectation that they could sell that. It was a crisis and there

was a |lot of work going on; a lot of it was in Pittsfield, and

t hey did denonstrate that PPO and pol ystyrene were m scible.
Then they got the people in the Plastics Application Center (it
wasn't called that at the tinme, but the plastics |aboratory) in
our major appliance business in Louisville involved. After it
was shown t hat PPO and pol ystyrene were m scible, one of the
probl ens was the material wasn't very tough because styrene is
very brittle. You had to be able to toughen it to have a viable
product. That was worked on in Louisville, and basically they
came up with a rubber toughened PPJO pol ystyrene bl end.

FINE: Ten percent rubber.

HAY: \Whi ch becanme Noryl

FINE: So that was a Louisville devel opnent.

HAY: The rubber toughening, done under contract from pl asti cs.

W SE: We asked Charlie Reed, and he couldn't renmenber if there
ever was a neeting where people sat down and said, "This is the
thing we're going to go with." Was this the type of thing where
there had to be a decision nmade and sonebody had to be the
champion of it, or was it just a gradual transition?

HAY: | don't know. | guess Welch would be the best person to
ask. As you say, these things just sort of evolve.

FINE: |Is Welch going to be a good one to talk to?
HAY: | don't know.

34



FINE: |Is he going to remenber? You know, there is so nmuch
fol kl ore that has come down.

HAY: There is a |lot of folklore. For exanple, there's this
story that Roland [W] Schmtt keeps repeating and the genesis of
whi ch was when | was trying to get Welch interested in P30O. In
fact, they did get interested in it and a |large effort was
nounted in Pittsfield because it | ooked |ike a very exciting
material. Had the gods been kinder, and if the material had
melted at 350° instead of 480°, or sonmething like that, it would
be a comercial product today and m ght very well have displ aced
PPO.

W SE: But, just fromyour point of view, you don't see one
I ndi vi dual person as the chanpion of Noryl.

HAY: There were so many different inputs that | have a hard tinme
pointing to anybody in particular. |If you talk to any ten people
on that subject, you'd probably get a different answer. The
patent was issued to Eric Cizek (7), who is no |onger with the
conpany, but if you talk to people |ike Pop [Popkin] Shenian, he
will say, "Well, we just put his name on it because he was
conveni ent."

FINE: [|'ve heard him say that.

HAY: Oh, you have? Another person you mght talk to is Bob
Ander son, who has now for many years been in the transforner
| aboratory in Pittsfield. He was in the very early stages of

that effort too, so it would be interesting to get his input. He
woul d be another person to get an opinion fromon who made the
key decision. |[|'ve always assumed that Jack Wel ch made that.

W SE: But there was about a six-nonth period of crisis in
managenent there before it became apparent that this was the new
one.

HAY: And Welch was clearly in charge at that point.

W SE: He was?

HAY: Yes.
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FINE: So there is a central focus here. Because as | see it
sonebody has got to say, "Let's put some noney into Louisville
and have them do some studies for us to toughen the material."
The pol ystyrene di scovery takes place here. There's got to be
i nput . ..

HAY: But |I'm not even sure that they knew about that discovery
here. That was in a conpletely different context and |' m not
even sure that the people in Louisville were necessarily aware.

W SE: Anot her nanme that conmes in is Bob Finholt.

HAY: Yes. He's dead now. He was managing the polymer products
operation for a while. He actually has his name on a coupl e of
patents on the blending of PPOwith a variety of things.

FI NE: He was in Pittsfield and Welch was in Pittsfield.

HAY: Welch reported to him and then Finholt went down to a job
in Fairfield and I think Welch took over at that point.

FINE: That's what Charlie Reed had said, that he had, in
essence, put himin at that point.

HAY: He was clearly in the key decision making process for
Noryl. | would assune that he nust have made the decision to go
ahead.

FINE: There was no nonment of discovery. There were a |ot of
different things going on to try to solve a nunber of problens.
It all came together in such a way that they got off the hook in
t he pl ant.

HAY: There was parallel work on the stabilization of PPO, a | ot
of work going on to see if the problemwi th the basic materi al
could be solved. It is interesting that now we have turned ful
circle and are com ng back and saying, "Well, really we put too
much enphasis on the polystyrene blend; we should really be
putting nore enphasis on PPO." Now we have two maj or bl ends
based on PPO. We have a PPO nyl on bl end, which was devel oped in
BOzZ, and now we have a PPO pol yester blend that | ooks very
exciting, which canme out l|late | ast year.
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FI NE: This is GTX

HAY: GIX is the nylon blend. The other one doesn't have a nane
yet .

W SE: But you never were able to stabilize the PPO. That proved
to be a dead end.

HAY: We were never able to stabilize it to the extent that you
could process it at very high tenperatures without degradation.
That's a di sadvant age of having something with such a high glass
transition tenperature; you have to process it at extremely high
tenperatures. Noryl did two things. It |lowered the processing
tenmperature rather significantly so oxidation problens becane

|l ess significant and it was nol dable. At the same tine, it

| owered the cost rather significantly because the differenti al
bet ween PPO and pol ystyrene was very substantial. It is much

| ess today than it was at that tine.

FINE: |I'm not sure whether this is an aside or whether we have
to explore this, but in conpetition with Noryl there are products
that are a | ot cheaper, |ike ABS, and a |lot of the success

driving the businesses has been the ability to market science and
technology to the custonmers. As a research manager, to what
extent were you involved in all of that? You chose not to |eave
research.

HAY: | was at the bench until 1968, so | did not have any
managenent responsibility until then. The business was well on
its way before | had any responsibility for it. The person who
really put the major effort into PPO at the tine that they were
havi ng problens was Art [Arthur M] Bueche. Art Bueche
marshal l ed all of the forces on the fifth floor, essentially, to
really push the product and make sure that it was going to be
conmer ci al

FINE: So at that point Welch is in charge of the devel opment
work going on in Pittsfield and Bueche is here in Schenect ady.

HAY: He was their departnent manager at the tinme. We nustn't
forget Reuben Gutoff either; Jack Welch reported to Reuben Gutoff
and Reuben was a super sal esman.

FINE: So Gutoff was in Pittsfield for a long tine, really over
the whole lifetime of this project.
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W SE: How did you decide in 1968, after being at the bench al
this time, to go into managenent ?

HAY: | had two people working for me and | had absolutely no
Interest in being in mnagenent. | guess | decided at that point
that, in the directions we were going, perhaps | could do a

better job than anybody else in guiding the effort. W went

t hrough a | ot of very exciting devel opnents with these vari ous
materials that we tried to comercialize, as well as PPO, and
there was hardly a dull noment during all of that. | guess that
| felt that | was the best qualified.

[ END OF TAPE, SIDE 4]

HAY: | guess | reached the point where just having a couple of
assistants working directly for me was not enough to keep you
really fully occupied.

FINE: Did you really break free conpletely at that point?

HAY: | went directly fromthe bench to a | aboratory manager, so
| skipped a couple of layers of nmanagenent there, which was a
little unusual.

FINE: At this point there were no group | eaders?

HAY: There were unit managers and branch managers, and | went
directly fromthe bench to managing a | aboratory. That was kind
of a change. Obviously, | was still maintaining an interest in
chem stry and shortly afterwards | acquired an assistant. For a
number of years up until four or five years ago, Bernice Boulette
worked directly for me in the | aboratory, even while | was

| aborat ory manager. We cane up with a new catal yst for PPO, the
one that is used now in the plant, and discovered another class
of polynmers call ed pol yformals.

FINE: Which catalyst is this?

HAY: The ditertbutyl ethyl ene diam ne catalyst. The polyformals

never ended up being comercialized, although they may still at
sone point. Potentially they are in about the sane price class

as polycarbonates. You make themdirectly from bi sphenols and
met hyl ene chloride, and they are basically the sanme as
pol ycar bonate except that instead of the carbonyl you have a
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met hyl ene in the chain. What you end up with is a polymer with a
40° | ower glass transition tenperature conpared to polycarbonate.
The polymer from BPA [ bi sphenol A] has a glass transition
tenperature around 100°C. Again, if nature had given it another
10°, it probably would be a comrercial product today because it
is very stable oxidatively, obviously has hydrolytic stability,
I's very stable towards strong bases, and is very tough material.
It has many of the properties of polycarbonate with sone
significant differences. Sonetinme when we have a synthesis for a
bi sphenol other than BPA that is inexpensive, the polyformal wll
be a prime candi date.

FINE: Wth a material like this, did it ever get out of the
Schenect ady pl ant environment?

HAY: It never got nuch beyond the nmulti-pound stage.

FINE: It seens, in the history of the whole thing, that
silicones set the stage, that the m nd was prepared for

pol ycarbonates and to nove into polymer chem stry in a big way.
Wth PPO certainly people should be | ooking for all Kkinds of

t hi ngs and, of course, it's harder and harder to find things. So
when you cone up with sonething |like this..

HAY: Yes. But the only thing that would have driven it woul d
have been a substantially higher tenperature material. That

requi red having a suitable bisphenol available. It's hard to put
resources into devel opi ng sonething that would be an offset for
acrylic, for exanple, but at a substantially higher price. There
woul d be a market niche for it because, for exanple, we have a
maj or effort in trying to i nprove polycarbonates to be used as
conpact disc material. The reason you use polycarbonate in that
application rather than acrylic has nothing to do with toughness;
it is noisture sensitivity, because the acrylic happens to absorb
a | ot of nmoisture and pol ycarbonate doesn't. Yet the other
probl em you have with polycarbonate for this application is that
It is very difficult to nold. So we're always conmproni sing on

t he nol ecul ar weight of the material to get it to nold. This

pol yformal material would probably be an ideal conpact disc
material, but you're not going to develop a new nolecule for just
one application.

FINE: Let me just ask you sonething, getting back to the
academ c elenents in this oxidative polymerization. The

mechani stic studies and presumably a | ot of other support
research nust have been going on all these years and probably
still is. | would assune that there nust have been a | ot of
interest, if not in publications, if those showed up largely in
the patent literature, at |east when you go to an ACS neeting you
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run into G enn Russell or Frank Mayo or Leon St. Pierre. Has
t here been a great collegial interaction between G E. because of
this unique, major discovery in oxidative polynmerization?

HAY: No. We published quite a bit in this area and |I'm sure

t hat our publications could nunber al nost a hundred. W have a
substantial number of publications and a | ot of tal ks have been
given. Most of the effort in academ a has been on the physica
property end. For instance, there has been a | ot of work | ooking
at bl ends and finding reasons why PPO and pol ystyrene are

conpati ble. The reason that there hasn't been too much on the
pol ymer synthetic end is that there isn't very much pol ynmer
synthetic work going on in universities. Very, very little.

am an adj unct professor at the University of Massachusetts. [|I'm
not very active at the nmoment, but | did have a student over
there. He got his Ph.D. with nme and he did work on sone
substituted di phenyl phenol polyners, trying to |lower the nelting
point so that we would get a product of interest. W had sone
success with that. There is a |ot of work going on in industry
in this area. Some of the major conpanies are comng into the
PPO area now, several in Japan and several in Europe since the
patents ran out a couple of years ago. W had it pretty well
tied up for along tinme with the patents.

WSE: |If the interest were there on industry's part, maybe the
way to solve the problemof this nmalaise in universities for
having faculties with polyner chem sts, in contrast to the

mat eri al science or polymer physics departments, is to provide
support. Obviously, if there are funds for graduate students,

t hen professors are going to think about working in an area where
there i s support.

HAY: Well, that's certainly possible. | guess there are
barriers in chem stry departnments to getting into it, because..

FINE: The patent question; proof of ownership.

HAY: No. | think it is because the professor has to adopt new
anal ytical techni ques and he wouldn't have the equipnment in a
typical chem stry departnent. A typical chen stry departnent
woul dn't have facilities available, so that would nmean either
acquiring that equi pment hinmself or having an active

col | aboration with sone other part of the university. As you
know, every chem cal engineering departnment in the country has a
significant effort in polyners.

FINE: Even the electrical engineering departnments do.
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HAY: That's true, whereas the chem stry departnents don't have
anything at all.

FINE: | can vouch for that from our own point of view  Col unbia
probably would not hire a | onely polynmer chem st. They would
feel that they would have to hire two or three and so have a

nucl eus of a group which could then justify the purchasing of
expensi ve equi pnent. So it doesn't happen.

HAY: The PPO mechanismis certainly a very interesting piece of
chem stry. Then you take the whole polyetherimde field, where a
| ot of fascinating chem stry is involved.

FINE: It's good organic chem stry.

HAY: | would venture to say that if you took the top five

chem stry departnents in the United States, you would have a hard
time finding an organic chem st there who even knew t hose
exi st ed.

FINE: Joe [Joseph G ] Wrth was at Col unbia | ast Septenber and
he tal ked about work that was ten years ol d; people sat there and
said, "Gee, what wonderful chem stry."

W SE: The other half of the question: do you have acadeni c
peopl e who consult here?

HAY: Yes, a few Charlie [Charles G ] Overberger has consulted
with us for many years.

FINE: How about G enn Russell? You nust know Russell pretty
wel | .

HAY: Yes. | renenber him He was here, of course, when
arrived. We overlapped for four or five years, but his interests
were really quite different frommne. He is really a physica
organic chem st and is interested in the nechanisms of small

nol ecul es. He wasn't terribly interested in getting involved in
polymers. The other organic man, Sam [ Sanuel] Dani shef sky,
consults with us.

FINE: Sam does? Natural products Sanf
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HAY: He's been here for about ten years. W have a great tine
in discussions with Sam Sam doesn't have much feeling for

pol ymer chem stry, | nmust say, and he doesn't have nmuch feeling
for industrial chem stry other than pharmaceuticals, which is a
conpletely different ball gane as you well know. But our

chem sts like to talk chem stry to Sam and they have a great
relationship with him

FINE: That's interesting that you would do that.

HAY: It's a stimulus to the people here. | think that Samis
very naive about what is comrercially interesting and what isn't,
and that's all right. W can take care of that.

FINE: It's really an amazing relationship. It's quite a
surprise.

HAY: Sam enjoys it. He has kept it up for ten years, and he
must be anong the top five natural products chem sts in the
country.

FINE: Top two. G lbert Stork and Sam Dani shef sky.

HAY: |t depends on whether you consider [Elias J.] Corey part of
t hat or not.

FINE: Well, that's interesting. Professional relationships are
al ways intriguing and I can never quite tell what |ight they
shed. Have you stayed close to Charlie Price?

HAY: Charlie hasn't done any research for a long time, but we
did have contact with himyears ago.

FINE: What about Bail ey?

HAY: No. | know Bailey but |I've never really had any cl ose
contact. | don't know how you get around it, but because of the
current situation it is tough to find anybody from academ a who
knows very much that is relevant to what we're doing. W're the
experts in the areas that we are involved in.
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W SE: That raises the question about the next generation. The
responsibility then is clearly yours to train your successors.

HAY: Yes, and we have lots of very tal ented younger people
around at the present tine.

WSE: |If | could clear up one thing that you're saying. There
didn't seemto be nuch of a di sadvantage for people like yourself
or Dan Fox who came here w thout know ng much about pol yners,
because anal ytical techniques were sinple. But now you' re saying
it would help nuch nore to know and to have had nore training in
polymers in college.

HAY: Let's put it this way. It seens to be a sad | ack, when you
| ook at the chem cal business and the role that plastics play in
both the chem cal business and in the world at |arge, that
polymers barely get nentioned in a chem cal curriculum That
really doesn't make sense and, in fact, it neans that people
don't get turned on because they don't know it exists.

FINE: O course even Joe Wrth, who canme later in this whole

t hing, probably would still fall into the old school, just a
classic organic chem st doing classical organic chem stry. W
ought to talk about Utem It's new history, but it is really a
further exanple of good organic chem stry turning out polyneric
products whi ch have unusual properties. | just canme into this
the last five or six years with ny experience with G E., and of
course Utemwas the "in" thing. 1In fact, when | first heard
about it, it was Utrex. | met Joe about 1978 or 1979. He was
in Pittsfield and it sounded |like classic organic chem stry—
nitro di splacenent reactions, anhydride chem stry. Was this
anot her exanple of a young guy out of graduate school, give him
sonme rope and |l et him hang hinsel f?

HAY: Yes. Essentially we always are happy to maintain an

expl oratory effort on al nost anything as | ong as novel ideas are
bei ng pursued. You know there are a |ot of fashionable areas

t hat come along |like conducting polyners and so forth, but |
don't get terribly excited about themif the only ideas are to
repeat what sonebody else is doing, to put another methyl group
on the nol ecule or sonething like that. If you are doing
sonething that is on the |eading edge, great; maintain it. Here
was a case where there was sone literature that indicated that
you coul d displace a nitro group. Thus if you could design a

bi functi onal nol ecule you had the potential for naking a polyner.
So we had this exploratory effort going on; | guess it started in
1968. It was a nodest effort with Joe and an assistant, and he

| ooked at a nunber of nolecules and found that if you designed
the right nolecule with an activating group on it, you indeed
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coul d make hi gh nol ecul ar wei ght polynmers. A nunber of the

nol ecul es | ooked at, for exanple, would be a benzene ring with a
cyano group and two nitro groups on it. The cyano group would be
enough to activate the two nitros so you could displace them A
whol e bunch of polynmers were made, all very interesting but there
was not hing that was worth pursuing commercially. In fact we
were al nost ready to close the project down. You know, a go-
ahead chem st can make several new polymers every day for his
whole life, if he wishes. |If you're just turning a crank and
maki ng different nodifications there are enough pernutati ons and
conbi nations to go forever. | recall there were abstracts of
papers from one of the Welch Foundation synposia and there was
one abstract; | don't renmenmber what school it was from but it
was from sone small community college or small school sonmewhere.
They had done a displacenent with a base, on a nitro conpound,

ni tropht hal i m de.

FINE: Nitrophthalic anhydride, | think.

HAY: At any rate, it clearly |looked like there was the

possi bility of having something with commercial potential. And
It was very soon denonstrated that you could do a displacenent in
hi gh yield on the nitro imde, and then it was a matter of trying
out the various permutations and conbinati ons.

FINE: There really is a big difference at this point, even
t hough sonebody |i ke Joe conmes in and is given free rein with his
first research project...

HAY: This was not his first research project. He had been on a
coupl e of others.

FINE: But this is clearly polymer chem stry to start out with.
You're not just studying nucleophilic displacenment reactions.

HAY: That's right. W were |ooking for something to lead to a
goal. That is correct.

FINE: \Whereas in 1955, you were | ooking at new chem stry.

HAY: Then, of course, Joe left. He was only here in the very
early stages of Utem In fact, | don't think Joe ever made
Utem [|I'mquite sure he didn't.
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FINE: |'ve seen Howie [Howard M] Relles's name on a | ot of
papers. Subsequently, WIIlianms, Donahue..

HAY: There were a raft of people. [Tohru] Takekoshi is one of

t he key guys in developing the present process that we used. |I'm
quite sure that Joe never made the nolecule that we call U tem

It was the displacenment reaction that he worked on. The key was
the imde system which came out of this obscure publication then
zeroing in on what would be a comercial molecule. It was quite
clear that Joe had a comercial material when he put sone

bi sphenol in. Very rapidly one concludes that bisphenol A should
be | ooked at and there is only a limted nunber of diam nes.

Once you start | ooking at those and conme up with sonething, you
have to ask what is one really looking for? |If you are going to
commerci alize sonething, you want it to be a step beyond
currently manufactured materi al s.

W SE: You were guiding themin the general marketing viewpoint
pretty early in the process?

HAY: From the standpoint of the desired property profile
basically we would aimat sonething close to the limt of
comrerci al processing. That was really the guideline.

Pol yi m des were well known, of course, but you can't process them
in the mll.

FINE: So you make fibers out of them

HAY: O film

FI NE: You don't mold them

HAY: Qur system produces very interesting materials in which you
can adjust chain flexibility to have somethi ng which you can nelt
process. Of course, there is the question of how high you can
go. You can go as high as can conveniently be processed with the
current equi pment. Now we're going higher by making copol ymers
and so forth that can be handl ed at a higher tenperature. U tem
is clearly a famly of materials. W went through all the
various stages until you narrow in on a particular nolecule which
woul d have an interesting set of properties. Then we were told,

"Well, you'll never be able to make the stuff [on a commerci al
scale].” O course, with the process initially used to get the
eval uation quantities of the material, that was true. It was not

a practical process——expensive solvents and so forth. After
showi ng that the material |ooked like it m ght be interesting, we
t hen had to develop a process and that was the major effort, a
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| ot of people | ooking at many different syntheses and eventually
comng up with a lot of very creative chem stry for the various
steps, for exanmple in that exchange reaction. Then at this tine
peopl e say, "Okay. It has interesting properties."” But
everybody asks, "What on earth are you going to use it for?" To
a |l arge extent, the sanme things happened with polycarbonate and
PPO, and you really need faith that the plastics business is
going in the direction of higher and higher performance. You
have to make the assunption that there is going to be a place for
a material with a higher performance capability. Anyway, we had
a material with interesting properties. W showed we coul d make
it, but I remenber the critics saying, "Well, it's so conplicated
you' re never going to be able to manufacture it in the plant."”

FINE: These are people in chem stry?

HAY: That's right. It is very unusual chem stry and we had a
| ot of people going around saying, "You're never going to make
that stuff."” Dan Fox was one of the strongest critics, for

exanmple. He went around telling people we'd never be able to
make it.

FINE: Pro-PPO, pro-polycarbonate, anti-polyetherimde

HAY: Conpletely anti-etherimde. He would tell people that you
just can't make it. As you know, the process operates extrenely
wel |l although it is a very sophisticated piece of chem stry.
Anyway, you denonstrate that you can nmake it, you denonstrate
that the process can be utilized, then you even had people
saying, "Well, you' ve got the stuff, but you will never nold it."
When | was going through the appropriation requests, Jack Wl ch
was one who said that.

FINE: O all people.

HAY: That's right. He actually comm ssioned a nolding trial to
convince hinmself that it could be npl ded. One of the beautiful

t hings about Utemis the way it molds; it's a fantastic materi al
fromthe standpoint of noldability. That's one of the big pluses
for the material, a high tenperature material from which you can
make precision noldings. Then, of course, when you got all that
out of the way it conmes down to, "Well, you'll never be able to
sell the stuff.” | think that they're well on the way to
denonstrating its salability, and as a matter of fact | don't
think it's going to be too long before they start building

anot her plant. But it was a | ong odyssey, starting with the
original exploratory experinments in 1968 and then, this year,
having the first mpjor plant on stream
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W SE: Is it true that the reason it was once called X-76 was
because they thought it would be ready by 19767

HAY: | think commercial introduction was planned for 1976.

FINE: It was actually 1979 or 1980 or sonething |like that.

HAY: | don't renenber the year. | think it was 1981, but it
m ght have been 1983; | can't renmenber. | |lose track of dates.

FINE: But each of these devel opnments do take about twi ce as |ong
as peopl e expect.

HAY: Part of the problemwas that it took us a long time to get
Pittsfield involved because they had a contingent over there
saying, "You' re never going to be able to nmake this stuff.” In
fact, we got to the point where we couldn't get things noving and
So we got Art Bueche to help us out. | forget what year this
was. It turned out to be one snowy day, a day when they had a
record snowfall in Pittsfield, and Art agreed to go over with us
to talk to Don [Donald E.] Debacher, who was then division
general manager. W all got into the |inpousine, managed to get

t hrough all the snowdrifts and get into Pittsfield, and we got

t here before nost of the people in Pittsfield did because they
didn't think anybody would come to work in such bad weather I|ike
t hat, whereas we had driven all the way over from Schenect ady.
His [A.. M Bueche] going over and having the discussion there was
the thing that started the comercial devel opnent of U tem
because they had not been anxious to do any work on it at all
until we got Art to put pressure on them

WSE: This was while Art was still running the place here?

HAY: Yes. They agreed to set up an effort on Utem at that
poi nt.

FI NE: That woul d have been in the m d-1970s?

HAY: It was probably 1975, | woul d guess.

FI NE: Woul d Charlie Reed have been involved in that at all?
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HAY: No. He was out. Don Debacher was the division general
manager at the plant. | guess it was 1975. Al [Alfred R ]
G |l bert, Howie Relles, Art Bueche and | went over there.

FINE: The chem sts. O course Fox is a chem st. Why would Fox
have gotten so narrow in his views after all the chem ca
successes?

HAY: |I'mnot going to attenpt to answer that.

WSE: A couple of things that I"minterested in. G E., because
of these engineering plastics, has established itself as a major
force in an area of chem stry, but it is not well known that this
kind of activity goes on. You essentially are training your own
people, in your own imge. |In effect you are independent of the
rest of the chemcal community, of necessity. Do you have open
relationships with your conpetitors? Do you talk to the Du Pont
people? Are there benefits in talking to the Cel anese peopl e?

HAY: Very little technical interaction. | know the key people
at central research in Du Pont, for exanple, but they are
essentially in conmpletely different chem stry than we are. There
I's no specific technical interaction except for polyesters. But
there is not much chem stry in polyesters.

FINE: It's all physical properties. It's either nylon or it's
pol yester.

HAY: O polyacetal, and we're not in the acetal business and not
li kely to be.

FINE: Dow is now going into the polycarbonate business, and
presumably. ..

HAY: | know some of the people there but there is not really any
techni cal exchange or any reason for it.

W SE: As opposed to the electronics type of business, it's a
matter of staking out the issues on which you are the world's
authority and then trying, of course, to translate that into a
product with the required properties. Wthout patents, for
example, it would be inpossible to go into this business.
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HAY: If you discover sonething in electronics, the world knows

about it the next day. It is quite clear that if we didn't have
t he 150 patents on Utem for exanple, we wouldn't have a plant.
Who's going to put the kind of noney in a major investment |ike

that, unless you have the proprietary position? W have a nunber
of things going on in the | aboratory now that | think are going
to revolutionize the conposites business, for exanple. | can't
tal k about that.

W SE: That's another interesting aspect. You couldn't have a
guy in his garage going into this business.

HAY: That's right.

WSE: It's high investnent and patent protectable. | guess what
|'"mgetting down to is not just that you're smarter than the

ot her R&D managers around here, but it also has to do with the
nature of the business.

FINE: But patent protection is sonething that has changed, as it
t akes a decade to develop a product like Utem So it really
depends on your establishing a market as well, to the point where
your conpetitors | ook at your established market and deci de that
they don't want to go up against GE. in this field. Perhaps the
conposite area is an area which woul d not need the huge

i nvestnent in chem cal developnent. 1In a sense there is an
opportunity for the Edi sonian type of approach.

HAY: To a certain extent. But we are tal king about advanced
conposites, such as very high performance graphite fiber filled
materials, the super high performance materials that would go
into airframes and the aerospace business—at the nonment
principally mlitary applications, plus sports equi pnent—where
the ultra-high performance of a highly oriented graphite fil ament
in a polynmeric matrix is really needed.

FI NE: The baseball bat.

HAY: The baseball bat to sone extent, except that they do not
need quite that high performance for that. O course the mgjor
needs are in the mlitary. The problens you have there are that
It is not going to develop into a major business until you get
sone new chem stry. The reason for that is quite sinmple. [If you
| ook at the typical advanced conposites that are manufactured at
the present tinme, the cure cycle for these things is horrendous.
First to have the ultra-high performance, the finished piece has
to be conpletely void free. For exanple, let's take a polyimde
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conposite. You take this in the precursor form the amc acid
form before being cured to the polyimde, in a solvent and then

i npregnate the graphite fibers and strip off nost of the sol vent.
So you have this thin layer in which the fibers are highly
oriented. You have to |lay these out—dependi ng on what
properties you want, you have fibers oriented in different
directi ons—and then you have to secure theminto the final
shape. But since you have to have sonething that is conpletely
void free, you have to do this under a vacuum and gradually

i ncrease the tenperature so that you not only renove all the |ast
traces of solvent but also the nolecules that are fornmed in the
final condensation to give the imde. Gadually increasing the
tenperature and doing the cure under pressure, the whole cycle
may take eight or ten hours, or even ten to twelve hours, for the
final fabrication. Not only do you have materials that are

rat her expensive froma raw material standpoint, the processing
costs are overpowering. In addition, in nost cases the yields
are horrible because it is an uncontroll able process. So you
need some new chem stry.

WSE: So you're saying it isn't finding a whole new pol yner,
it's processing the polymer system

HAY: As long as you have to depend on the existing chem stry,
you are stuck with those processing tinmes. You may make certain

I nprovenents by automating the whole thing and you'll cut the
costs of the process, but you're still stuck with that | ousy
chem stry.

FINE: But if everybody is going to go into conposites or
advanced conposites as an obvious place to invest, in the near
future you m ght inmagine that there will be conpanies other than
G E. working in the sanme field.

HAY: We're not in the business and there are people that are.
Cel anese is in the business, ICl is, and BASF. They are the
three big players in the U S. now.

FINE: So you m ght have to talk to your colleagues.

HAY: No. We'll have to cone up with better chem stry.

WSE: This would be a matter of G E. having a proprietary niche,
as opposed to just going into a business that other people are
in.
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HAY: Yes. We're not going to go into a business that other
people are in.

W SE: This again differentiates this from electronics, where
it's very rare for sonmeone to come up with a really different
ni che than anyone el se.

FI NE: But G E. did go into the polyester business, which was a
conpetitive area.

HAY: Yes, but the product line fit a niche and they had the
mar keting in place.

[ END OF TAPE, SIDE 5]

FINE: So that was different, but it fit a need. And the

pol yest er busi ness has been very successful. | guess the reason
for nmy question about whether you talk to your coll eagues at Du
Pont is that in an academ c environment you really do benefit
from sharing information, even though you may give up sonet hing.
I f sonebody gets a good idea and scoops you on sonething, there
i's your idea published in sonebody el se's paper. But on the
average, you get nore out of sharing than not.

HAY: | understand, but since the patent position is so inportant
in areas like this, we're not going to say anything until we have
the patents all in place. W're starting to talk about U tem

now, and publish on it.

W SE: Sonething | always wondered about is, how does it affect
t he bench chem st hinmself or herself, who has to take a del ay of
three or four years or sonetinmes even | onger?

HAY: The biggest barrier we have to publication is the inertia
of people to wite papers.

W SE: That's interesting.

HAY: That's the biggest barrier that we have. In sone cases
there may very well be a delay for a couple of years. | was able
to publish fifty papers when |I was active, and | was certainly
working in proprietary areas.
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FINE: It's just as true in academ c circles.

HAY: Some people we practically have to beat over the head to
write up their work, let alone go to the final pains of getting
sonething witten up in a quality necessary for externa
publication. | don't want to nanme any nanes, but we had sone
really outstandi ng people who could have had a significant
external reputation, if we could get themto publish. W have
sonme ot her people, who are great. One of our outstandi ng pol yner
chem sts is Jim[James V.] Crivello. Jimalso has an interest in
publ i shing. He not only has about eighty patents to his name,

but he nust have eighty publications al so.

FINE: | think we should wind things down here. | guess the
phi |l osophi cal question is whether you still consider yourself,
after thirty years, a plain old organic chem st, or do you now
t hi nk of yourself as a polymer chem st?

HAY: Yes, | think of nyself as an organic chem st. Every week I
read the Official Gazette, and | read Derwent patent abstracts
for both chem stry and pol yners.

FINE: Do you still read JOC [Journal of Organic Chem stry]?
HAY: | read JOC. | have about thirty journals cross ny desk.

| ook at things in a different way. Sonme people | ook at a piece
of new chem stry and say, "Why did that work?" | look at it and

say, "What can | do with it?"

FINE: Yes. You're an industrial organic chem st at this point.
When you |l ook at this whole field which is now clearly defined
and named, engineering plastics, do you see it as an identifiable
entity in the whole field of polymer chem stry? Do you really
see the future as being nore and nore in the direction of
materials with uni que properties and high perfornmance?

HAY: Yes. And some of the materials that we now | ook on as
being specialty materials are going to be relatively large vol ume
materials in the future.

FINE: Polycarbonate could almost be called a commodity plastic
in that sense. And pol ypropyl ene seens to be energing into

hi gher performance areas. ABS used to be just a junk polymer and
now people are pushing the properties of things |like that.
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HAY: In the Utem polyetherimde famly of chem stry, we're
going to be able to conme out with a whole range of materials and
basically we'll tailor the nolecule for specific applications.

FINE: By changi ng the backbone?

HAY: Yes. The strategy is to capitalize on the chem stry,
utilizing, as nmuch as possible, the sanme equipnment but wth
di fferent nmol ecul ar structures to make the nodifications.

FINE: W' Il have to get you down to Columbia to try and excite
some of our young people to careers in polymer chemstry. W'l
have to get you to cone down and talk to the undergraduates.

had one of your people do that, Dan Brunelle. W have an

under graduate sem nar, when these kids are in the second half of
their first year. They are young in the game and it is really
exciting to watch them when they listen to what the real world is
i ke.

HAY: Dan is doing sonme revolutionary work at the present tine.
I n about two years he may be able to tal k about it.

FINE: He tal ked about PCB chem stry. | asked himto do that.
When Wrth came down to talk on engineering plastics, | told him
it would be the usual semnar format, the faculty and all the
graduate students. | told himto bring along sone show and tel
stuff. As | guessed, the graduate students are totally

unsophi sticated and the faculty too. He brought sonme bunper
parts and a disc froma conpact disc and a whole variety of other

things. It was just amazing. Chem sts shouldn't be amazed about
t hese things, but here's a place |like Colunbia and these graduate
students that cone from Berkel ey and Harvard and Illinois and

every ot her darn place.

W SE: Tal ki ng about this fact that polynmers never really caught
on as an academ c specialty, do you find any difference in your
ability to recruit people?

HAY: | think that in some cases there may be sone reluctance
from people when they are interviewed on canpus, but in nost
schools we have at | east a couple of professors who have a pretty
good idea. At this point we have a | ot of graduates fromthe
various schools. | think we're considered to be one of the
better | aboratories in the country for a chem st to work for.
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FINE: Probably one of the best.

HAY: We don't have any problemin convincing themthat there is
chem stry going on once they get here.

FI NE: That's for sure.

HAY: | mean on an interview trip.

W SE: You don't seemto have nmuch trouble finding the ones who
want to go on to operations and keeping that pipeline going.

HAY: And if someone is really dedicated to research and is
capable, we'd | ove to have him make his career here. But | think
starting in a central |aboratory is an ideal place for a person
because they can make that career choice nore or less at their

| ei sure.

WSE: | don't understand why the other |aboratories, at the R&D
Center, haven't picked up on that.

HAY: It's been astonishingly successful because when you | ook at
our chem cal business, you not only have Joe Wrth, in plastics,
as a graduate of R&D. The manager of Noryl, Howie Relles, is a
graduate of this place; the nmanager of Lexan, Clay [Clayton B.]
Quinn, is a graduate of this place; the manager of R&D in U tem
Dan [Daniel E.] Floryan, also; and you could move into silicones
and find the sane thing. The manager of central research in
silicones is a graduate of this place; we have a m croelectronic
mat eri al s manager who is a graduate, Tom Swi ger; and you can go
on and on and on. Take the Plastics Application Center in
Louisville, Gary Mellinger is a graduate of this place. It just
makes an extraordinary difference in relations to have those
peopl e and obviously the easiest way to transfer technology is to
be able to communicate it to capable people. When people
transfer fromhere they look at it as a pronotion, which it is,
and it is a direction which they chose. Obviously there is nore
managenent opportunity, than there is here. It is viewed as a
positive move. | think that probably part of the problemin
other areas is that people view it as a banishnent.

FINE: Kicked up and out.

54



HAY: But clearly they are successful. The nore capabl e the
peopl e are who you are working with on the other end, the easier
It 1s going to be to transfer technol ogy.

FI NE: Was Fox ever here?

HAY: He was here but only on a tenporary assignnent.
Pol ycarbonat e was di scovered here while he was here. He was with
a wre enanel project.

FI NE: Was Wel ch ever here?

HAY:  No.

FI NE: Sheni an?

HAY: No. They were in Pittsfield.

FINE: It's an exciting story, it really is.

[ END OF TAPE, SIDE 6]
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