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ABSTRACT

Her man Schroeder starts the interview by telling of his
fam |y background and growi ng up in Brooklyn. An early |earner,
Schroeder attended public and private high schools where his
scientific interests were first aroused. After an early
graduation he entered Harvard, where he initially planned for a
career in nedicine but soon changed towards chemi stry, in part
i nfluenced by his tutor, John Edsall. Staying on at Harvard for
graduat e study in the physical aspects of organic chemstry,

Her man Schroeder investigated the rates and nmechani sm of the
closure of large rings. He discusses the choice between

i ndustrial and academ c careers and the advice of the Harvard
faculty. Arriving at the Du Pont Experinental Station in 1938,
Schroeder outlines his initial assignments and his inportant
wartime research on tire cord adhesives. Transferring to the
Jackson Laboratories, he worked on both dyestuff synthesis and
the nmechani sns of dyeing synthetic fibers, as well as obtaining
experience in production control. Myving to greater research
responsi bilities, Schroeder played an inportant role in the
devel opnent of several polymers, which is described towards the
end of the first interview. 1In a second interview, Ferguson asks
Schroeder to comment on sone of his Du Pont col | eagues and on
sonme of the academ c consultants to the conpany. The interview
concludes with some of Schroeder's retirement activities and a
full account of the Louisville plant explosion.

I NTERVI EVEER

Raynmond C. Ferguson obtained his degrees in chemstry from
lowa State University (B.S., MS.) and his Ph.D. from Harvard
University. He worked in research divisions of the Organic
Chemi cal s, Elastonmer Chem cals, and Central Research Departnents
of Du Pont, principally in nolecular spectroscopy, organic
structure analysis, and pol yner characterization. Currently he
is affiliated with CONDUX, Inc., a consulting association of ex-
Du Pont professionals.
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| NTERVI EVAEE: Herman E. Schr oeder

| NTERVI EVER: Raynond C. Fer guson
LOCATI ON: G eenvill e, Del aware
DATE: 30 Decenber 1986

FERGUSON: Herman, | would like to start with your famly
background. Wat was your father's occupation?

SCHROEDER: My father sold real estate and insurance. He started
out in a whol esal e hardware business that his father had founded
and owned. M dad didn't really want to get into that, but I
guess his father was too strong a character for him That can
often happen. M father grew up in New York Cty. His father
was born in Gernmany and cane over as a ten year old. He was the
| ast of six brothers, each having brought the other one over in
successive steps. It started during the German fuss in the
1840s, when there was a lot of turnmoil. The other half of ny
famly was Dani sh and sort of m ngled Anmerican.

FERGUSON: This was your nother's side?

SCHRCEDER: Yes.

FERGUSON. Did her famly cone over early too?

SCHRCEDER:  Yes. Her father canme over from Denmark in about

1865. Her nother's famly had cone over to this country around
1740. It was the imm gration of Central European people fromthe
Rhi nel and and Al sace in France. They had lived in New York al
that time. They had a farmin the Bronx and Lord knows who
marri ed whom

FERGUSON:  You nentioned one tine that you had sone probl ens
growing up in Brooklyn with a Gernman nane.

SCHROEDER:  That was because | was born in 1915, so | was a young
kid when the furor of the first Wrld War was around. Wth a
name |i ke Schroeder there was a |ot of prejudice, just as there
was prejudice in the last war with the Germans, the Japanese, and
the Italians. MW famly was basically a New York City famly.
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Dad was born in New York and ny nother was born in New York.

FERGUSON: Do you have brothers and sisters?

SCHROEDER: | have one sister who is two and one-half years
younger than | am

FERGUSON. What did she go on to do?

SCHROEDER: She went to Radcliffe and didn't |ike that. Then she
want to Earl ham College in Indiana. It's a Quaker coll ege and
she loved it. She studied the Cassics, Geek and all that.

Then she got married and had two boys. She nmarried a physica
chem st. Terrible fate. [LAUGHTER] Actually, she was

[ Professor] Herman Mark's secretary for a while.

FERGUSON: Is that right?

SCHROEDER: Yes. | ran into Herman, whom | had known, on a
consulting trip. He was going around to the plants in our [Du
Pont] departnents to tal k about polyners. | was detailed to go

along with himto be sure that the fellows didn't tell Herman
anything they shouldn't because he had a tendency to assim|late
everything that was given to himand imediately put it out in a
| ecture. | was there as a a watchdog and there wasn't any
problem It was fun. As we were sitting on the plane, | was
talking to himand |I said, "Herman, do you renenber ny sister?
She wor ked for you and was al nost your first secretary.” He
said, "No. | don't renenber that. What was her name?" | said,
"Her nanme is Rose." He said, "Oh, Rosie!™ M sister said that
Her man used to chase her around the desk. She was twenty-one or
twenty-two at the tinme.

FERGUSON: It sounds like other tales |'ve heard about Herman.
Did he ever introduce you to his girl friend?

SCHROEDER: He may have. | don't know. 1've been introduced to
a lot of people at parties and so on, but | don't recall.

FERGUSON: Let's go back to el enentary school

SCHROEDER: | started in New York City in a public school and
graduated from grade eight in a grammar school when | was twel ve
years old. | skipped a couple of years. Then ny parents put ne
in a private school. | went to the local high school to see
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where they wanted to put ne, and they decided they wanted to skip
ne two nore years. My father thought that was absolutely
ridiculous. So | ended up in a private school called Pol ytechnic
Preparatory Country Day School in the Cty. It's called Poly
Prep. It's a good school

FERGUSON: Is it located in Brooklyn?

SCHROEDER: Yes. It's not too far fromwhere the Verrazano

Bridge goes from Staten Island into Bay Ridge. It's a nice
school. There you get a typical old-style, classical, private
school education. | studied Latin, German, Hi story, English,
Science, and Math. Interestingly, | had no chem stry. They had
it but I never took it. But | took all the Math and Physics they
coul d possibly give me, and al so Biology. | took four and one-

hal f years of German and of Latin.

FERGUSON:. How | ong were you there?

SCHROEDER: | was there for four and one-half years. | gave back
part of the tinme | had junped. |In fact, | was all ready to go to
col l ege, but | was so young that the headnmaster said, "Wy don't
you stay and take what you want."

FERGUSON: How ol d were you then?

SCHROEDER: | graduated from hi gh school when | was sixteen, but
| could have been fifteen. | was just a good | earner.

FERGUSON:. Did you read a |lot?

SCHRCEDER: Yes.

FERGUSON:. What got you interested in science?

SCHROEDER: There were a couple of things. One was that it just
interested me. | loved math. Taking a course in math was |ike
eating candy. It was a real gut course. | also |oved physics.

| had a fam |y doctor who thought | would be a good physician.

He woul d take nme around Brooklyn in his red Cadillac converti bl e.
He would visit his patients and then he would talk to nme about
them after he got out. He got ne interested in that. So | went
off to college interested in biochem stry and possi bly nedi ci ne.



FERGUSON: You said you were in college while still at this prep
school ?

SCHROEDER:  No. | took everything the prep school had to offer.

FERGUSON:. How woul d you descri be your parents?

SCHROEDER: Dad was a very gentle, relaxed soul who really
encouraged nme. He said, "Learn! You can then get to do whatever

you wi sh."” Mther was nore a pusher. They spoiled ne. They
were middle income. W were not prosperous, but we weren't in
any pain. | was able to get some scholarships. | was in high

school from 1928 to 1932. Mboney di sappeared fast then and |
needed help to go to Harvard. For a good student, it's
relatively easy to get. | also did sone tutoring work there.

FERGUSON:. Did your parents have any education beyond hi gh
school ?

SCHROEDER: No. My father started to study |aw and deci ded not
to go on so he studi ed sone accounting at a conmercial school .
He wasn't a good student. He was intelligent, but he didn't
really like that kind of stuff, nor did ny nother. M nother's
sisters did, though, and ny nother's second ol der sister, Rose,
was a high school teacher. She helped ne a |lot when | was a
youngster, especially with things |ike math. Basically, if you
read a lot, all that you need to get through a primary schoo
fast is to understand the mathematics. She would teach ne

what ever happened to be the necessary trick for the various

mat hemati cal nechanics. That's what |led to ny skipping, because
| could read so nmuch. | could learn the math and I would
understand it easily. | went through the necessary rigor of just
getting hold of the detail that | needed so that | could junp
ahead.

FERGUSON. How did you get to Harvard?

SCHROEDER: MWy headnaster was an exceptional nman naned J. D

[Joseph Dana] Allen. He suggested that | go there. | didn't
really know nuch about the fit between various coll eges and
universities and people and their talents. | knew they were

there and I knew whi ch were good. He suggested that | ought to
go there, maybe because he had been there, and | was one of his
prize students.

FERGUSON. WAs admi ssion to Harvard at all conplicated in those
days? Was it conparable to now?
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SCHROEDER: No. This was in 1931 and 1932. In those days you
had to take board exans and ot her exans, but what got you in was
noney plus the ability to get a certain grade on these board
exans; or social status, noney, and the ability to get by; or
being quite intelligent and doing very well on the exans. It
wasn't a great thing. It was a lot nore difficult than getting
into some other places, but | was admtted to Harvard, Yale, and
MT with no problem

FERGUSON: You said that you were interested in biology or
nmedi ci ne when you entered? Did that continue?

SCHROEDER: Not for long. | took an elenentary course in
chem stry ny first year. That stirred ne up a bit on chem stry,
so | decided to really go after biochem stry. | got a 99 grade

in [Arthur B.] Lanb's course. The next highest grade was an 88,
so they got interested in ne. As a result of that, as | went
into nmy second year, they gave ne a really fine tutor. He was
John T. Edsall, who was over at the Harvard Medi cal Schoo
working wth Professor Edwin J. Cohn. Edsall was a marvel ous
tutor. Having a tutor in those days neant that you just sat and
talked with this fellow. He gave you books to read and you woul d
tell himwhat you thought of what you were |earning and what was
in the book. The books suppl enmented what you were picking up in
the courses. |1've forgotten the nanmes of the books I was
devouring on biochem stry and the physical processes of biology.
In my second year | took organic chem stry, which I really I|iked.

FERGUSON: Who taught that?

SCHROEDER: Professor Louie [Louis F.] Fieser. He was good and |
found organic very easy. | had Professor [John H ] Van Vleck for
physi cs.

FERGUSON:. Did you take a course from Percy Bridgman?

SCHROEDER:  Bri dgman woul d cone in and | ecture to us
periodically, but he wasn't the main lecturer. There were a
couple of fellows who | ater won Nobel Prizes. They were damm
good and very stinmulating. That's what gets to you about a pl ace
i ke Harvard -- the stimulation you get fromnen |ike E. Bright
W son, [George B.] Kistiakowsky, and [Edward M ] Purcell.

devel oped a stronger chem cal interest and | gradually started to
|l ose interest in going to nedical school in my sophonore year

In my next year | took physical and anal ytical chem stry, and
some nore physics and sone nore nath.

FERGUSON:. Who taught those courses?
5



SCHROEDER:  Anal ytical chem stry was taught by [Gegory P.]

Baxter. It was an easy course, but very boring for the |ikes of
me. There was very good math in it. Physical chem stry was
taught by Henry E. Bent. He went out to Mssouri. He was an

awful nice guy, but a terrible lecturer. He used a British text
[Findlay] (1), which used the British synbols for
t her rodynam cs, but he lectured in the Anerican ones. He was

soporific. The net result of this was that | | earned physica
chem stry fromthe texts by Lewis and Randall and Getnan and
Daniels (2, 3). | just chewed up the books.

FERGUSON: Was Bright WIson teaching at the tine?

SCHROEDER: He was there but | wasn't aware of nuch teaching.

For math during ny first year | had a brilliant man named

[ Harol d] Marston Morse, who later went on to the Institute for
Advanced Study at Princeton. For nmy second year | had two
fellows, [WIlliamC.] Gaustein and [WIlliamF.] Osgood who were
bot h good teachers. Osgood was brilliant and Graustein was a
conservative. In the theory of functions |I had a young professor
naned Lars V. Ahlfors who received an Honorary Degree from

Harvard in 1989 for his brilliant career -- and soneone el se.
They were all very nice, fine teachers and very stimnulating.
During nmy last year, | took Paul Bartlett's course in physical

organi ¢ chem stry and CGeorge Kistiakowsky's course, Chem 13
advanced physical chem stry. That was a very fascinating course
and quite a shock. | renenber the first examvery well. | got a
43 on this exam which turned out to be a good grade on the curve
that he was using. But that was an awful shock to a fell ow who
had been churning out top grades throughout his career. It was
very good for me. It gave ne a sense of realismabout science.

FERGUSON: |'mafraid that Kistiakowsky continued that tradition
when | was there, because the conprehensives in physical

chem stry were just horrendous. |If you got half of the questions
right, you were really sonething.

SCHROEDER:  The | anguage gap was on top of these fearsone
questions that he would ask you. | had George when he didn't
speak English as well as when you had him As a result, what he
meant and what he said weren't exactly the sane thing. But, it
was still very good.

FERGUSON: How about Janes Bryant Conant? WAs he in chemi stry at
the tinme?

SCHROEDER: No. Conant becane president of the University in the
Spring of ny freshman year. He was an influence on the chem stry
departnent, particularly in sonme of the work that El ner P. Kohl er
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was doi ng, because they were good friends. In ny senior year,
when | took Kohler's advanced organic chem stry, Conant cane in a
couple of tinmes to tal k about selected subjects. Kohler's tw st
in this course was |largely the physical side of organic

chem stry, the understandi ng of what you were doing. It was not
as physical as Bartlett's and sone of the others, but basically
that was the drive. There were certain subjects that Conant
woul d cone in and tal k about.

FERGUSON:. Did you have a senior thesis?

SCHROEDER:  They didn't have any senior theses in chem stry.

They had a senior thesis in biochem stry, but by nmy senior year,

| had decided that I was going to go into sone kind of pure

chem stry and not nedicine. Kohler gave ne the job of checking
out the Ph.D research of an earlier student which he thought weak
and | confirned his fears. Then | did a short research project.

FERGUSON: The tutorial systemat Harvard was kind of unique at
that tinme and is even now. |'msurprised that you started as a
sophonore. Was that usual ?

SCHROEDER: Yes. The only thing that was unusual in ny
experience was that | received nore personal attention because of
the stellar grades that | got. A nore normal behavior for sone
of ny friends who were in history or sociology was to have the
tutor talking to a small group of fellows, nmaybe six or seven

M ne was al ways one or two. | had sone very bright friends in ny
cl ass who were al so concentrating in biochemstry. Bernard
Davis is a professor at the Harvard Medi cal School. John H ckam
becane a research professor in nedical school, first at Duke and
then Indiana, where he chaired the departnent. | had a | ot of
very bright friends who probably had as nmuch influence on ne as
many of these professors, because we talked to the tutors and we
tal ked to one another and al so we were conpetitive. This was
very good for us because we had different interests.

FERGUSON: Wi ch house did you live in?

SCHRCEDER: Leverett House.

FERGUSON: The house systemwas not terribly new then?

SCHROEDER: It was about four years old. By then the houses were
starting to get sonme of their individualistic character, but they
hadn't hardened. Qur housemaster's nanme was Kenneth Ball ard
Murdock. He was an English professor, American Literature |
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believe, and a fine man.

FERGUSON: Were you involved in any extracurricular activities?

SCHROEDER | did a little track in ny freshman year, throw ng
hammer and shotput and was on the freshman rifle team | started
pl ayi ng chess and was on the teamfor four years, and becane
president of the chess club. | didn't do nmuch else. For sports,
| used to get a shell and row up and down the river when | coul d.
After the lab work I would play handball or squash. The

| aboratory work really consunmes you if you're really taking al

of those chem stry courses. M friends would have tine for this,
but nostly, | was up in the laboratory. For exanple, in ny third
year the nom nal |ab | oad was twel ve hours. You rmay be able to
grind out books fast and understand them quickly, but the

| aboratory work has to be done right. Being relatively young, |
was a bit hamhanded. | had to learn howto do it.

FERGUSON:. Had you had any projects at hone while you were
growi ng up?

SCHROEDER: Yes. | had chem stry sets and played with them
| ater found that | had | earned an anmazi ng anount. Having had no
chem stry, | found that when | took elenentary chem stry | knew

nore than | shoul d have because | read so much and because | had
sone feel for the behavior of substances. That's undoubtedly why

| did so well init. A so |l had an extraordinary physics teacher
at prep school. H's name was Floyd L. Darrow and he really was a
good teacher. 1'll never forget one gadget he had out in his
office. He had a conplicated engine out in the anteroomto his
office. It was supposed to do certain things. M experience
with this gadget was that | |ooked at it and read what it was
supposed to do. | started playing with it and it didn't work.

So | looked at it and studied it awhile. Finally, | saw

somet hing that was wong so | took it apart and put it back
together again and it did work.

FERGUSON: Was this an internal conbustion engi ne? Sonething
like a Stirling engine?

SCHROEDER: No. | forget just what it was. Let's say it was a
nmechani cal contrivance. Anyway, | got it to work. You could
even call it a Goldberg. | got it so it would do what the little

plate said it should do and it was working beautifully. Then I
went and saw Darrow and went about ny business. Later that day,
| happened to go back to see him and there he was putting that
damm nmachi ne back as it had been before. It was there as a
teaching device. He used it to find out which of his kids

t hought, and which just accepted things.
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FERGUSON. How many di d?

SCHROEDER: | asked himthat in |ater years, and he said he got
maybe five percent, maxi mum of the students who took physics who
would go in there and see that it didn't work, and try to fix it
and did fix it. Mst of themwould just ook at it and give up

in disgust. Fiendish. It wasn't a very fancy thing. He was
just trying to see if the people that he was teaching were either
dead or alive. It didn't take any genius to see that.

FERGUSON: Yes. Like the questions of Kistiakowsky. He'd ask
unexpect ed questi ons.

SCHROEDER:  Yes, utterly disconcerting questions.

FERGUSON: Who in particular influenced you during your
under gr aduat e career?

SCHROEDER: There were a lot of themthat really stinmulated the
thirst for know edge and the questioning m nd.

FERGUSON: Was it just the general atnosphere?

SCHROEDER:  Yes, but the people who had a particular affect on ne
besi des ny tutor Edsall were Professor Marston Mirse whom | took
math from Louie Fieser was a fantastically good teacher in
organic chem stry. George Kistiakowsky was al so very good, as
were Kohler and Paul Bartlett.

FERGUSON:. How did you conme to stay on at Harvard for graduate
school rather than go el sewhere?

SCHROEDER: When | got to ny senior year | decided that | really
wanted to go ahead and get a doctorate in the realmof the

physi cal side of organic chemstry. | |liked Kohler, so | tried
to persuade himto let nme study with him He said that | really
ought to go sonewhere else. | just worked on himand he said,
"Ckay." | had himin a difficult position, too, because by the
time | had graduated fromHarvard | had taken all the chem stry
courses they had and | had taken ny conprehensive exans for a
master's degree as a senior. Al | had to do to get a nmaster's
degree was sit and suck ny thunb. | was ready to do research.

FERGUSON:. So he gave you a nmster's degree?
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SCHROEDER: | had to have a year's residency to get the master's
degr ee.

FERGUSON: What about the thesis?

SCHROEDER: There was no thesis. | had conpl eted an adequate
research project as a senior

FERGUSON: Just course work?

SCHROEDER: The course work was done. | had to pass their
conprehensi ve exans. | was very practical and realized that if
stayed another year, | would have forgotten a | ot of the course

work | had taken, since | would just be doing research. So |
asked themif they would please let ne take those exans as a
seni or because the courses were all fresh in nmy mnd, and they
di d.

FERGUSON: Tell ne about Kohl er.

SCHROEDER:  Kohl er was a Pennsyl vani an Dutchman. He went to
Muhl enberg Col | ege and studied with Ira Rensen.

[ END OF TAPE, SIDE 1]

SCHROEDER: Kohler was a little fellow, maybe 5'4" or 5'5" tall,
wi th enornous ears and a very clear mnd. He was a hell of a
good teacher, very well organized. After he got his degree with
Rensen, he taught at Bryn Maw Coll ege in Phil adel phia. Wile he
was there he started to put out sone very fine papers, continuing
the work he had done with Rensen. He was nore or |ess a founder
of the science of physical organic chemstry. He had taken
organic chemstry to the standpoint of understandi ng what's goi ng
on, rather than just knocking out nolecules. He had a profound

i nfluence on a few students at Harvard when he cane there, nanely
El mer Bolton, Janes Conant, and Roger Adans. He poured out sone
magni ficent students |ike Frank Whitnore, Lee Irvin Smth, Frank
West hei mer, G | man and many ot hers.

FERGUSON: Who was the first one?

SCHROEDER:  Frank Wiitnore, | think. He went to Penn State.
Kohl er was a very interesting man to listen to in a lecture. He
came in with no notes and delivered | ectures which were
remarkably lucid and clear. He would take you through the
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devel opnent of a particular area in chemstry, first in a sem -

hi storical way, show ng you the trend of thought that |ed
sonmebody to their conclusions. He would convince you that

sonet hing was right and then he woul d go ahead and show what was
wong in this particular line of logic -- why the chem stry was
wrong and what was right and how you go about showing it was
really right. At the end of a year of that you had a pretty good
feel for the weaknesses that are inherent in the study of a
science, and also the strengths. He showed how to tear sonething
apart.

He didn't use a text. He insisted that if he becane a sl ave
to a text, his course would becone stereotyped and not keep
noving forward. Wien | pressed himfor a couple of books to
read, he suggested | work on Walter Hickel's Theoretische
G undl agen der Organi schen Chem e which is Theoretica

Foundati ons of Organic Chem stry (4). It was a marvel ous
exposition of the science of understanding organic chem stry from
t he standpoi nt of how atons work and why things happen. It was

in hellishly difficult German, even for a fellow |like ne who
could read CGernan easily.

FERGUSON. Did you speak Gernman at hone?

SCHROEDER: No. | spoke no Gernman at honme but | took four and
one-half years of it in small classes at Poly Prep froma fell ow
naned Her mann August Buschek. | liked it and found it easy, just
as | found Latin easy. Wwen | got to Harvard | took a coupl e of
graduat e courses which were basically literature courses. | read
German literature and then wote essays on it in German. That
was good training.

FERGUSON. Did you find a big difference in scientific Gernman?

SCHROEDER: No. Scientific German is |ike cream of wheat
conpared to the other stuff. |It's very easy. The bulk of the
words are common across science and the context that stuck
everything together was easy for me. | could read scientific
German just as easily as scientific English. It was the science
that was difficult, not the Gernman.

FERGUSON: Did you start reading the current literature as an
under gr aduat e?

SCHRCEDER: Yes. Two courses made ne do this. One was Kohler's.
Kohl er put me to work reading it. Harvard had a very interesting
teaching nethod. They called it the reading period. Between
Christmas vacation and the exam nation tinme you were off. You
got assignnments of things to read which were supposed to
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suppl enent the course work. Because | had a tutor, | had an
unusually fine list to work on in the science area. Then Kohler
exposed nme to pol ynmer science, which was interesting back in the
fall of 1935. He started nme earlier than the Christmas vacation
and said, "Wy don't you read Wal |l ace Carothers' papers?" |
chewed through Carothers' papers. Then he gave ne sone ot her
things which were related to what was going on in polynerization,
especially the physical side of polynerization which was very
primtive back then. Paul Bartlett made us read nmuch current
literature and comment critically. W were suppose to find flaws
in very convincing articles by fanobus scientists which Paul had
sel ected because of their errors in reasoning.

FERGUSON. Did this | ead you back to [Hermann] Staudi nger or sone
of the other earlier theoretical papers?

SCHROEDER: The Carothers work didn't lead ne to Staudi nger but
Paul Bartlett's course in theoretical organic chem stry did.

Paul was just then [ earning how to teach that course. He had
only freshly come from M nnesota where he had been teaching. He
was one of Conant's students but he went to M nnesota and cane
back. He was just trying to fornmulate this course in theoretica
organi c chem stry. He put ne into a bit of Staudi nger's work.
Thus | had a little feel for polynmer science even though working
with Kohler, I didn't pursue it in graduate school.

FERGUSON:. What did you work on in graduate school ?

SCHROEDER: | worked with Kohler. W started out going after an
optically active allenic structures with the aimof basically
studying the rates of racem zation under certain conditions, to
get a feel for the processes. It was a nolecule that was built
out of four big groups on allene [H,C=C=CH,]. The chem stry
really didn't work, maybe because | was inept or too heavy
handed. | think the ideas were sound.

So after about nine nonths of that we noved over into
another field that was a subject of curiosity for Kohler. They
used to call himthe King because he was their top organic
chem stry professor. Kohler was interested in the big ring
conmpounds that Karl Ziegler had nade. Ziegler had observed, in a
rat her beautiful series of papers on the closure of l|large rings
from bifunctional materials (5), that there was an interesting
dip in the yield curve which then went back up. At six and five
[ring atonms], you get 98%yield. At nine, ten, eleven, twelve,
thirteen, you get practically none. Then you conme out of that
trough up to 60 or 70%vyield at around 16, 17, and so on up, wth
a very interesting alternating effect.

Kohl er was curious about that affect and asked ne if | would
like to take it on. He wanted to get a feel for whether there
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was an inherent property of these rings, other than the steric

hi ndrance and the probability of trying to get the ends together
in cyclization that was reflected in their chemstry. He wanted
me to study certain rates of reaction of these things. W tried
to make the thirteen-nenber ring, which was difficult the way he
started me out. The procedure he suggested didn't really work,
so | went back and duplicated Ziegler's work and nade 13, 14, 15.
Then | started to study the reaction rates of ring enlargenents
wi th diazomethane. This is a reaction of the carbonyl group.

To get there you started out by ring closure of a dinitrile
with a very nifty catalyst, which is usually the lithiumor
sodi um am de of nmethyl or ethyl aniline or of another secondary
am ne. That got ne into sone very interesting chem stry, because
the nmet hods that Ziegler used for making those al kali netal
am des were well hidden in patents.

FERGUSON: Was this the Karl Ziegler of coordination chem stry?

SCHROEDER: Yes. It's the same Karl Ziegler. He got ne
interested in organonetal lic conpounds. You close the dinitrile
to an al pha-cyano cyclic ketimne. |f you take the ketim ne and
stewit up with dilute sulfuric acid, you hydrolyze it to a beta-
ket ocar boxylic acid which decarboxyl ates and gives a cyclic

ket one.

FERGUSON: Were you studying their reactivities?

SCHROEDER:  Yes. Incidentally, starting to |look at these and

pl aying around with the Stuart-Fisher-H rschfel der nodels, I
stunbl ed on to sone of the concepts that are inherent in
conformational analysis. | could have been famous if | had
pursued it. Froma |look at the nolecules wth Stuart nodels you
could see that the natural conformation the various rings w shed
to assune was very interesting. |In sone of them the carbonyl
was buried inside the ring and in others, the carbonyl was
wanting to stick out, nore or less as it was in cycl opentanone or
cycl ohexanone. On the basis of this, before | had done any rate

work, | suggested that when we got to studying the reaction rate
of cyclic 15 that it was going to be a ot nore reactive than we
were guessing. It was going to be basically like C or G, wth

an appropriate correction for the dilution. Kohler said, "No,"
and that he would stake his reputation that that was wong. Wen

| ran the neasurenents and | was right on the button, | went in
to tell himabout it and he | aughed and said, "I'mnot going to
gi ve you ny reputation because you didn't give ne all of the
facts. You didn't tell nme all of your thoughts.” Anyway, we

anal yzed the curve and got a feeling for the reaction rates of
these things and the distributions as you went up and down this
curve. Kohler said that I had done enough and ought to get out
of there.

13



FERGUSON. What was your thesis title?

SCHROEDER: The Reaction of Large Ring Ketones with D azonet hane.

FERGUSON. Did you ever publish this in the external literature?

SCHROEDER: No. | didn't publish this outside for a conpl ex set
of reasons. Kohler becane ill in February of ny second year in
graduat e school. They thought he had pneunbnia and he didn't get
well. Then they took himto the hospital. It turned out that he
had a malignant brain tunor and he died in May. It was about
March when he told nme that | was through and should collect ny

t houghts and start witing a thesis. 1In all the confusion of
that, it wasn't possible to get things done with Kohler. | |ost
hi mas an advisor. At Kohler's suggestion and with the
concurrence of the Departnment of Chem stry and of the Du Pont
Conmpany, with whom | had decided to work, it was agreed that |
woul d start work for Du Pont in June or July and send in the
thesis and take the exans later. So we did that and | got ny
degree the foll ow ng January.

FERGUSON: You were nmarried to Betty at about this tine?

SCHROEDER: | got married in June of 1938. That was basically
the signal that we could get married.

FERGUSON: Did you neet her at Radcliffe?

SCHROEDER: She was in the same class. W net in our sophonore
year, on a blind date through friends. W had no course together
until our senior year, when we both took an English course in
Anerican Literature, which was interesting. She took it at
Radcliffe and I took it at Harvard.

FERGUSON: Where was she fronf

SCHROEDER:  She was from New Engl and, born in New Hanpshire
lived in Maine for awhile and reared in Newton, Mssachusetts.
Her father was a Harvard graduate and her nother was a Radcliffe
graduate. They were fromold New England fam lies, Barnes and
Lori ng.

FERGUSON: Had you ever considered an academc |ife?
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SCHROEDER: Yes. | was | oose about it at first. Then I really
got nore interested in the kind of life that | could lead in

i ndustry, because it was nmainly a question of liking to
acconplish things. That was possibly pronpted by a |lot of the
stuff that | had read about the acconplishnments of great
scientists. Kohler offered ne a job as instructor at Harvard.
Then he got me a job at Illinois. Harvard also offered ne a very
interesting position in the science side at the Medical School .
They said they had funds to undertake a scientific study of the
birth control problem They had plenty of nobney, and they wanted
nme to go over there. | could do that as a Fell ow and pick up a
nmedi cal degree. It was very tenpting and al nbst got ne there.

FERGUSON:  You coul d have been another Carl Djerassi.

SCHROEDER: | don't know what | could have been. It was very
tenpting. The only reason that | didn't do it was that they had
no facilities for doing the kind of work that needed to be done.
| knew a little too much about the state of biochem stry. |
realized that, at that tinme, what they wanted to do and the way |

woul d go about it, I would have to spend an awful long tinme
| earni ng the necessary biochem stry, biology, and physiology to
get into the right areas. It was a long, long run and | wasn't

really that interested with fighting through to get the
facilities. The notivation was |acking although the intellectual
stinul ati on was great.

FERGUSON: Was this offer through John Edsall?

SCHRCEDER: | don't know where it came from

FERGUSON: | recall Edsall as being concerned with popul ation
control. Is that the sane John Edsall ?

SCHRCEDER:  Yes, but | didn't know that then. | knew his work on
the chem cal processes in physiological behavior and the

chem stry of blood. It was physical chemstry with an organic
switch, working nostly with Cohn. | don't know where he went

after that in his work.

FERGUSON: There is a very distinguished John Edsall at the
Harvard Medi cal School and also in public policy roles.

SCHROEDER:  John Til eston Edsall, that's him ny tutor. | never
t hought of that connection. There was another young fellow I
knew at the Medical School -- Alwin M Pappenheinmer, Jr. But |

never thought of Edsall possibly being behind that offer.
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Basically, | was nore interested in chemstry. Kohler suggested
that if | really didn't want to go into an academ c career, then
Du Pont woul d be a good place to work.

FERGUSON:. That's interesting because Harvey Hoehn told nme one
time that the Harvard faculty had a very | ow opinion of Du Pont.
They had sone grudges agai nst Du Pont going back to firings in
the early 1930s. Was that true? Did you hear anything about

t hat ?

SCHROEDER: | didn't see any prejudice against Du Pont from

ei ther Kohler, Fieser, or Bartlett. As far as | know there was
quite a close rel ationship between Ji my Conant, Roger Adans, and
El mer Bolton. They had all been students together at Harvard. |
understand that it was noot back in the 1913-1915 period which
one would go into academ c work and which one would go into

i ndustry. There have been many apocryphal stories told about
that. 1 didn't catch anything of prejudice. The case where
there m ght have been a little bit of reserve or unfriendliness
was on George Kistiakowsky's part. He had an experience which
led himto devel op a | ow opinion of some of the people down

t here.

FERGUSON. Well, he was at the Experinental Station for a short
tinme in the m d-1930s.

SCHROEDER: It was before that, because by then he was at
Harvard. It mght have been the early 1930s. They all had great
respect for Carothers. After all, Carothers had gone from
Harvard at Conant's urging, besides Du Pont's pulling.

FERGUSON. When | was at Harvard, the faculty all seened to be
very oriented towards preparing people for academ c careers.

SCHRCEDER: |'m sure of that.
FERGUSON: It certainly was not a training school for industrial
j obs.

SCHROEDER: But they were closer in synpathy with an outfit |ike
Du Pont, partly because of all that fundanental work that

Carot hers had been doing. | don't renmenber any hostility, quite
the contrary. Sone of their best graduate students they
cheerfully sent down there like Jud [A Judson] Wells, Elnore

Martin, and Frank [WIIliam Franklin] Gresham | got a sunma so
wasn't the junk part of what was going out there, in any case.
Yet, | renenber years |ater, we had a young nman that we were
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going to hire at our |aboratory, who was a West hei ner student.
This kid was convinced that he should cone and work for us. He
was very pleased [with the offer] but Frank Westheinmer told him
not to do it.

FERGUSON: Professor Bright WIlson was that way with sonme of his
students. Norbert Muller interviewed at Jackson Lab. He was one
of ny classmates, a crackerjack guy who apparently had had his
fill of academic life. He told nme that Bright had becone

deci dedly cool when Norbert was out |ooking at industrial jobs.
After he decided to go back to Purdue, Bright was very happy
about it and wote hima nice letter.

SCHROEDER: O course, the conpl exi on of opportunity for
academ cs changed greatly between the 1930s and the 1950s, with
all that government noney pouring in. The conplexion of

i ndustrial work al so changed.

FERGUSON: In all fairness, Wlson really pushed nme to go to Du
Pont. He thought it was an inpressive place and the best of ny
opportunities.

SCHROEDER: It depends on the person.

FERGUSON: He had his own view on what a student shoul d do.

SCHRCEDER: It could well be that both WIlson with Norbert and
Frank Westheimer with his student, were really |ooking at the
characteristics of the man and the place that he would do best
froma personal opportunity standpoint.

FERGUSON: How did you fit in at the Chem cal Departnent at Du
Pont ?

SCHROEDER:  All right. The Chem cal Departnent was good. |
found that the work they were doing varied from nundane to
excel l ent, as you m ght expect. The enphasis was nowhere near so
much on fundamentals as | had been led to believe by the
Carothers work. In fact, if you read a little bit about the
story of Carothers in the book by [David] Hounshell and [John K ]
Smith (6), that's com ng out of the Hagley Miuseum and Library,
you get a feel for this. | found that it was a hot bed of

Edi soni an research. Theoretical understanding of what you were
doi ng wasn't exactly encouraged. They wanted you to try things
and make inventions w thout inhibitions.
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FERGUSON: Wasn't this a change in philosophy from[Charles M|
Stine's viewto Bolton's?

SCHROEDER: A bit. Bolton was very pragmatic, and he wanted
results. He was a hell of a good man, but he was very well
f ocused.

[ END OF TAPE, SIDE 2]

FERGUSON: Let's go back to the Experinental Station.

SCHROEDER: | want to be fair to them because you have to
realize that when | hit the Chem cal Departnent at the
Experinental Station in early July of 1938, they were in the full
throes of the nylon devel opnent. Furthernore, they had opened a
veritable | ode of potential in the polynmer field. They were
perfectly well aware of it. |It's like walking into virgin
territory. No matter where you | ooked there was gold. Their
notivations were pretty nuch, "Let's go out and dig |ike mad and
see what we can find. Let's make |ots of new polynmers. W know
what we're doing." They did know what they were doing, certainly
in the field of condensation polyners. They were nmaking sone
fair headway with some of the vinyl sorts of polyners, although
they didn't have the sane understandi ng of the processes invol ved
as they had of the condensation polynmers. Thus, there was a
reason for doing all this digging, for being so Edisonian.

They put nme to work on two jobs devel opi ng new i nternedi at es
for condensation polyners. One was air oxidation of fatty acids
under pressure to see if | could nake cheaply sone di basic acids
i ke adipic acid. That turned out to be fun because it got ne
into transition netal effects on free radical behavior. | had a
nice time maki ng sonme rather interesting nolecules that surprised
me very nuch, because | didn't quite understand sonme of the
rearrangenents that were possible with these unsaturated
per oxi des which were forned.

The other job turned out to be a very straightforward
physi cal organic job, as | approached it. ICl, with whom we had
a research agreenent, had clained that if you chlorinated an
al i phatic hydrocarbon using a particul ar wavel engt h of
ultraviolet light, the chlorination would be at the ends.
Therefore, it should be very easy to nake nice, clean
bi functional materials fromvery cheap source materials by this
route. That didn't make nuch sense to a fellow who had a fair

training in physical organic chemstry. | took a nodel nolecul e,
strai ght chain octadecane, which | synthesized by a
decar boxyl ation route. | got the proper UV |light set up, got the

ri ght wavel ength and chlorinated. Then | analyzed the
constituents which were converted to nono- and di-basic acids
t hrough appropriate chem stry. | got an absolutely perfect
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Gaussi an distribution -- chlorine distributed all over the chain
-- absolutely perfect. You couldn't ask for a nicer proof of the
randommess of chlorination in a hydrocarbon. It was marvel ous.

| presented that to the Steering Commttee and that was a very
unpopul ar result. They didn't like it.

FERGUSON: This was the Chem cal Departnent Steering Commttee?

SCHROEDER:  Yes.

FERGUSON: What was wong with the 1Cl work?

SCHROEDER: The I Cl work was absolutely wong, poor chem stry.

It was very sad, because when | wote the report on this, the IC
peopl e i mredi atel y went about confirm ng what | had done and they
had to wite a retraction. The man who had done the work said,
"Well, what this fellow says is correct. But if you do it with
our particular kind of Scottish shale wax, then I'mright."

FERGUSON: Did the nmessenger of bad news suffer?

SCHROEDER: A little bit. It was funny. | was brought into the
front office after presenting this and told it wasn't good form
to destroy an idea |ike that.

FERGUSON:. What shoul d you do?

SCHROEDER: I don't know.

FERGUSON: | can renenber sonme people who did bear bad news in
| at er years.

SCHROEDER: | cane out of this one all right. By then, | got
involved in a lot of reactions involving bifunctional materials
and their use in synthesis for dyes and things like that. | also
got involved in one piece of polymer work. | was put on a job of
trying to inprove the fastness of dyes on fabrics and studied the
reactions of polyfunctional materials with the dyes as a way of
fixing themto the fabrics, possibly making pol yners that woul d
stay there.

FERGUSON: These were sites in the polyner chain?
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SCHROEDER:  Yes, am de on wool, silk or nylon or hydroxyl on
cellulose. Basically, I would take things like tris-

met hoxymnet hyl mel am ne, bi s-net hoxynet hyl urea, and

pol yi socyanates, take a dyed fabric and treat it with the

pol yfuncti onal reactants to see if its fastness was inproved. It
was, but unfortunately, it changed the shades too nuch and the
fabrics were enbrittl ed!

FERGUSON: | believe you had a patent on that (7)

SCHRCEDER: | believe so.

Then with the outbreak of the War, | got dunped right into
an aspect of the polynmer field to find an adhesive for bonding
nylon tire cord to rubber. This was very inportant because the
B- 29, which was under devel opnent, couldn't fly unless they could
stick the nylon to rubber. The plane was so big and so heavy
that to make tires strong enough out of cotton or rayon would
make them too heavy, too nmulti-plied, and too thick. They would
build up too much heat when they | anded. So, for physical
reasons of strength and weight, the tire cord had to be nade out
of nylon, the only fiber strong enough, but nylon didn't stick to
rubber.

FERGUSON:. Was this a nonofilanment nylon or a yarn?

SCHROEDER: It was a nonofil ament nylon woven into a conpl ex
twsted 2 or 3-ply yarn. They started with nonofil anent, and
then these were twisted and made into a nultifilament yarn, so
many plies, so many twi sts, and that sort of thing. The physical
structure of the fiber has a great effect on its properties.

That's quite a science. W found a damm good adhesive. In fact,
it's still being used today for alnost all of the tires around
the world. This was after nuch beating around. | had a |ot of

fun with sone mechanistic work, finding out what stuck things to
what. Basically, the issue was to find an adhesive. W found

t he but adi ene-vinyl pyridine polynmer, mxed with resorcino

formal dehyde, which really wasn't a great discovery. It wasn't
anyt hing fancy. Resorcinol/formal dehyde was the constituent that
as a resin mxed wth rubber | atex had proved best for sticking
cotton and rayon to tires (8). It was just a question of finding
a polyner that would have the proper adhesion to nylon and still
be conpati ble with the rubber.

For largely theoretical reasons, since | worked on probl ens
that way, | came up with the idea of vinyl pyridine. [|'m not
sure the theoretical reasons were right, but the adhesi on was
marvel ous. You know how such things are.

FERGUSON. How did you test the adhesive?
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SCHROEDER: W got sone square woven nylon fabric made out of the
tire cord and dipped the fabric in the adhesive that we

devel oped. W& nmade a sandwi ch wi th unvul cani zed rubber in a
press, then nmeasured strip adhesion in a Scott, Instron, or
simlar tester. Wen we finally got a hold of sonmething that

| ooked pretty good, we went to nore sophisticated tests. The
test that we ultinmtely used was an H shaped article, nylon as
the cross bar, which was pulled apart. You have two strips of
rubber, with cotton backing to give them strength, connected
crosswise to a tire cord fabric imersed in the adhesive. Then
you pull the two rubber strips apart to pull the tire cord out.
You woul d nmeasure the strength of the bond by seeing how much it
takes to pull the cord out of the H, and you al so see whether the
rubber sticks to the fiber.

FERGUSON: The cord was transverse?

SCHROEDER: Yes. The cord was the crossbar in the "H'. That's
the standard test. There were |lots of other tests. That was
very successful .

FERGUSON: This was related particularly to nylon devel opnent.

SCHROEDER:  Yes. But really it was necessary for the war effort,
Nylon tires were essential for the B-29. Before our adhesive
they got 1 or 2 landings per tire. After our first test they
exceeded 100.

FERGUSON. Were you involved in the Wrld War 11 Rubber Project?

SCHROEDER: Yes, in a different way. | had a separate project
which was related to chemcals for synthetic rubber. This was
done by Du Pont, independent of the Rubber Project, but related
toit. W were |ooking for new curing agents, new accel erators
that would work with SBR and Neoprene, and in particular, for
pepti zers.

The real problemwas that as SBR was nade back then, the
nol ecul ar wei ght control wasn't too good. It was too high in
nol ecul ar wei ght and gel content and had to be softened to a nore
usabl e or workabl e consistency. Peptizers which had been used
for natural rubber, the aromatic nercaptans, really weren't good
enough. Later on ones were found in that very field that were
excellent in synthetic rubber. So | did a lot of work on
chem cals for synthetic rubber and di scovered several (9). Also
there was a fair amount of work done by Du Pont on the Neoprene
side of the synthetic rubber project.
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FERGUSON. By the tinme you cane, had Neoprene work gone over to
Jackson Lab?

SCHROEDER:  Yes, pretty nmuch so. W were still making new

copol yners, nore or less in cooperation with Jackson Lab. W
were | ooking for new polyners that would be better than

pol ychl oroprene itself. W also | ooked at sone butadi ene
copolyners and related things that m ght give better synthetic
rubbers, particularly with better freeze resistance. Rubber was
hot on their mnd. Mst of the polychl oroprene work was goi ng on
across the river. The intercourse between the Central Research,
as it becane, and the Organic Chem cals Departnment was excellent.
The man runni ng the pol yner work at Jackson Laboratory was Howard
St arkweat her, Sr. He had cone from Central Research and was a
good scientist. So the interchange was excellent.

FERGUSON: | had heard that Walter Carpenter was very concerned
about getting involved in the Rubber Project. He didn't really
want Du Pont to get involved in it. Ws that true?

SCHROEDER:  Probably. It was pretty nmuch a Du Pont credo not to
get too deeply involved with government projects, nmainly
generated by the desire to keep the technol ogy to ourselves. The
basi ¢ phil osophy was that if the governnment has a job that needs
to be done, let's not ask themfor noney, let's doit. So we did
it. W just poured our own noney into it. That way you weren't
subject to sonebody telling you that you had to give the
technol ogy you devel oped to Goodyear or sonebody el se.

FERGUSON:. Did the Manhattan Project have any inpact on you as
far as your work there was concerned?

SCHROEDER: No. | knew sonething was going on, but | didn't have
the foggiest idea of what it was. The only hot project that |
stunbled into was one on nustard gas antagoni sts, many of which
turned out to be sul fur conpounds which were curatives or
accelerators. | stunbled into some of those, and they just swore
me to secrecy as | was playing with them

FERGUSON. Who were your supervisors in the Chem cal Departnent?

SCHROEDER: The first group |leader was Bill [WIber A] Lazier
The second one was Dick [Richard S.] Schreiber. The third one
was Charlie [Charles J.] Mghton. Lazier was basically a high
pressure catalyst man -- amoni a synthesis, hydrogenation, things
like that. He had done a fair anmount of work in support of the
nyl on project on catal ysts for hydrogenation of adiponitrile to
hexamnet hyl enedi am ne. Lazier was a Honer Adkins student.
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Schrei ber was a Roger Adans student and a wild nan. He was a
nice guy and had lots of ideas, but not nuch judgnent. He was
kind of fun to work with. M ghton was a Chicago product, a
Canadi an and a bit unscrupul ous. He was overdriven by anbition.
Then | had Dave McQueen at the |l ast and he was by far the best.

FERGUSON: Did they continue on with Du Pont?

SCHROEDER: Lazier left and joined the Southern Research
Institute as Director. Then he worked for Pfizer. Schreiber was
hired away and becane Research Director for Upjohn. Charlie

M ghton did continue with Du Pont. Central Chem cal dealt him
away to O chem [Organic Chem cals] and they dealt hi maway
somewhere el se. He ended up in the Biochem cals Departnent at

| & B [Industrial and Biochem cals Departnent]. OF course,
McQueen becane director of Central Research

FERGUSON: | know a Harold M ghton.

SCHROEDER: That's his brother. Harold s a nice fellow. Charlie
was not very popular. He was a bit grabby of his nen's idea.

FERGUSON. Was Arthur Tanberg the | aboratory director when you
were there? Did you have problenms with hinf

SCHROEDER: Not at all, really. Tanberg was okay, but he
couldn't get out of his formal clothes. He was an earnest hard-
wor ki ng man, dedicated to Du Pont's welfare and his research
organi zation. He was a seething nmass of prejudices -- anti-
Semtic, anti-ltalian, anti-this, etc. O course, that was
common el sewhere in the conpany. At the tine Du Pont was a WASPy
organi zation, particularly in the chem cal departnent.

FERGUSON. Was he a good scientist?

SCHROEDER: | don't think so. But he liked things done right.

He was very good that way. He had very hi gh standards and he was
very proud. He did his best to nmake the Chem cal Departnent the
best. "That's good. That's great!"™ | think he was probably a
good admi nistrator, and he was a marvel ous judge of people. He
did alnost all of the hiring for all the Central Chem ca
Departnent. He did it conscientiously and very well and
assenbl ed a superb staff. He hired very good people. He was a
reserved character of a paternal type, not the kind of man you
coul d dislike.
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FERGUSON:  You nentioned earlier about going before a Steering
Committee. Did you have to report to the Steering Conmttee
directly often?

SCHROEDER:  About once a year.

FERGUSON: Was everything done in nonthly reports?

SCHROEDER:  Yes, there was an awful lot of witing. W had
bi nronthly summaries, very formal, and we had to wite progress

reports every three nonths on every project. From 1939 on, | was
a whirling dervish because | had three projects. That neant an
awful ot of witing. It helps nmake your witing better, but it

raises hell with your ability to do work.

FERGUSON: |s that why you didn't publish in the externa
literature?

SCHROEDER: Not really. | did publish alittle but not much. |
wrote a paper on sone heterocyclic chem stry that | did with
George Rigby (10). W weren't really encouraged to publish much.

FERGUSON. | was going to ask that, because | think there have
been a lot of cycles in Central Research. Wen | got in, it was
"publish or perish.”

SCHROEDER: The first cycle, with Carothers, was to publish and
they did publish. Then, when they ran into this veritable gold
mne in the polyner field, they weren't too anxious to spill
stuff out. | don't blame them They had an Assi stant Research
Director, Ernest Benger, who realized sonme of the dangers of
publ i shing things before you really knew what you had. So he
danmpened sonme of the early fervor for publishing. Wen | got
there in 1938, things were published only when it was absolutely
certain that it was harm ess to publish them The real trouble
there is that you're doing a |lot of other work -- especially when
the war hit. By the tine that you know that sonething's
publ i shabl e, you're hotly inmrersed in sonmething el se. You
haven't got time. Then with the war, we went fromworking five
days a week to six days a week and | onger hours each day. There
was a |long period there when we just didn't publish.

FERGUSON: But you did get several patents out during this
peri od.

SCHROEDER:  Yes, on sone dye fixatives, rubber chem cals and
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adhesives (7-9).

There were two acconplishnents that interested nme nore than
the things that we're tal king about. One showed up in a patent.
| was working in a | aboratory wwth George Righy. He was trying
to get alcohols and amines to add to tetrafl uoroethyl ene (TFE)
but couldn't get any reaction. He asked ne why he couldn't get
the materials to react. It was very sinple, if you understand
some physical organic chem stry. | suggested that TFE has
fluorine atons strongly attracting the electrons fromthe double
bond so that catalyst |like a base or a strong acid was needed,
such as H,SO, or a strong base. As a result, we found out how to
do it. George made very many adducts, and the first of which is
in a patent that | have for adding ammonia and am nes to TFE
(11), and that got himstarted.

The other was a piece of "bootleggy" work on the first

rubbery fluoropolyners. | nmade a copolynmer of ethylene and
trifluoronethylethylene (3,3,3 trifluoropropene-1) (12), but this
copolymer didn't turn out at all the way | expected. | was

interested in that nonomer because of its functional resenbl ance
to acrylonitrile in pulling the electrons away fromthe doubl e
bond. | wondered what you could do by adding things to it and
polynerizing it. | was very surprised to find the extraordi nary
affect of a single CF; group on a long ethylene chain in pushing
the chain apart. That had | ater consequences in synthetic
rubbers, e.g. Viton.

FERGUSON: Have we summari zed the Chem cal Departnent experience?

SCHROEDER: It was fun. It was a nice place to work. It had
good spirit and lots of investigative fervor. At the tinme | |eft
it, which was ny own election, the norale was very | ow because of
the pressures of the war, plus too nmany good people and too poor
a sel ection of supervisors, plus sone poor selection of projects.
So many chemists left them They wanted to get out either into
ot her Du Pont Departnents or el sewhere.

FERGUSON: Had the wartinme denmand danped down new research on
synthetic pol yners?

SCHROEDER: A lot of things were danped. Sone of the prograns
were allowed to continue, naturally, because they were conpatible
with the wartime effort, but perforce work had to be better
focused. It was a difficult period. There are many reasons why
noral e can go bad. You have to consider the tines we were in and
all the stresses that were on the managenent and the staff.

FERGUSON: Did you pick Jackson Lab?
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SCHROEDER: Yes. | had a very interesting experience with Du

Pont here on which | was really very well treated. | told Dr.
Tanberg that | wanted to get out and work in another departnent.
| said, "I don't know these well enough so I'd like to see a

couple of them" He wouldn't do it. He said, "You' re a good
chem st. Wat could be a better place to be than here? You have

a good future here." | said, "I'd like to do sonething else.” |
couldn't persuade him so | got a job outside with a
pharmaceutical conmpany. | walked in and quit. He said, "Ch, you
nmeant it." | said, "Sure | neant it. Wy didn't you listen?"

He said, "Well, you're a good chemst. | can get you anywhere
you want in Du Pont. Were do you want to interview?" | said,
"Ch, you tell nme." So | interviewed at a bunch of the
departnents and on the basis of what | saw | decided to work at
Ochem | had an interesting interview experience going around

t hese departnents.

FERGUSON: These were all the various operating departnents?

SCHROEDER: Yes. The only other one that really tenpted ne was
the Ammoni a Departnment with Roger Wllians and Alfred T. Larsen.
That was very tenpting. That's where ny friend G esham was. But
| had been out of the kind of chem stry that | liked to play with
for along tine. | thought | had a better chance of getting in
some chem stry of the sort that | mght |like at O chem That's
basically how | made the decision. It was |ess anbition-driven
than research-oriented. The anbition drive was probably better
answered in the Amoni a Departnent or Fibers. | had nore desire
to have a crack at sone chem stry after this wartine excursion in
t he Chem cal Departnent.

[ END OF TAPE, SIDE 3]

SCHROEDER:  Jackson Laboratory had good | aboratory directors.
They had a fine attitude toward the work. They told ne, after |
had had the experience that | had had in Central Research, they
thought it would be a good idea if they just dunped ne into sone
practical problemin a dye field not of my choice. 1 didn't
object. | ended up with Mel [Melvin A'] Perkins, a fine man in
t he ant hraqui none dye field, on a war-rel ated probl em dealing

wi th behavior of vat dye dispersions, before they were padded
onto fabrics. Qut of this, | had to learn quite a bit about
colloid chem stry, which was damm good for ne.

| found that the attitude toward research at Jackson Lab was
freer than it had been in Central Research. | was |ess directed.
Nobody cared what | did as long as | did a reasonabl e anount of
work on the project they assigned and cane up with sonme kind of
an answer, which | did. | found that it was an easy project. |
was spending nore of ny time just synthesizing nol ecul es and
having fun, than I was working on the project. The first thing I
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knew, | nmade a rather interesting discovery of a new synthesis of
pol ynucl ear conpounds. It was a nifty synthesis. | was able to

put together in one fell swoop, a nolecule with five rings froma
benzene derivative and naphthal ene. The synthesis was generally

applicable with naphthal ene derivatives and ant hracene etc. The

net result of this was that | opened a new field and was pronoted
to run a group on exploratory vat dye chem stry.

FERGUSON:. You were listed as a research chemi st for only a year
t here.

SCHRCEDER: Yes.

FERGUSON: Coul d you continue synthesis after you becane a
supervi sor?

SCHROEDER: Yes. | was in a |laboratory and | had a group of
about six people. | was encouraged to do work to the extent that
| wanted to. This was great because | had chem sts doi ng work,
some of which we had to do, and sone of which we cooked up.

had a chance to cook up ideas and get people interested. Al so, |
could do work nyself on sonething that was conpatible. | had a
lot of fun in this period. This is when | taught nyself

m crochem stry to make things nove faster. You can get the
answer on a small scale and decide whether it is worth pursuing.

FERGUSON: Was the general strategy enpirical synthesis?

SCHROEDER: Not at all. The general strategy was on a higher

| evel than that. Color research, particularly of vat dyes, was a
hi ghl y el aborated sci ence which had been systematically built up
by exploratory work |argely done by the Gernmans. Some prograns
were just a rational extension of what was good. There was a
know edge of the basic principles that governed col or and
fastness in col ored nol ecul es, which had been fairly well

el ucidated enpirically and supported theoretically. W were
doi ng work in areas which we knew had a chance of being fairly
fruitful. We knew pretty nmuch what the color was that we were
going to get. CQut of this, I did get sone good patents (13, 14).

One approach involved straight enpirical work, where we
repl aced benzene rings in certain selected vat dyes structures
wi th thiophene rings. W nade the surprising discovery that many
nol ecul es had better fastness to |ight when constructed partly
out of thiophene. W knew about what the color will be because
we understood the anpunt of the absorption shift that comes from
pl uggi ng in the thiophene ring (13).

The other was a synthesis, for the first tinme, of a series
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of light-fast yellow vat dyestuffs of good properties, which
turned out to be very profitable. This again was not fancy

chem stry. | knew exactly what | was doing. The Gernmans had
made sonme colors that had rather surprisingly good |ight

fastness, but relatively lowtinctorial strength and not too good
wash fastness. They were using a nolecule with an azo group, two
bi phenyl groups on either end of it, and, in the 4,4" position, a
carboxylic acid which was converted into an anmde with

ant hraqui none. | |ooked at that and said, "That's kind of
interesting but they ought to nmake that a conpletely conjugated
system Let's insert sone oxazoles and thiazol es and make a
great big, long structure,” W hit pay dirt. The tinctorial
strength went up by alnost ten-fold and the wash fastness was

i nproved. W had a profitable goal in sight! So we had a very
rapid force-fed devel opnent of these colors of which we put out
three or four. The nost fun | had on that problemwas finding a
good synthesis for the azobi phenyl di carboxylic acid, which I did
nyself while the other chem sts were nmaking the colors. That was
cooperative fun for all

Just as that was about ready to go out to the plant, | got
thrown into runni ng anot her division, Mscell aneous Col ors.
These wer e pht hal ocyani ne (CPC) pignments plus a bunch of old
fields, mscellaneous dyes, that didn't need much research such
as basic colors, sulfur colors, thioindigo, indigo. They just
needed sonebody to keep an eye on them So we were playing
nostly wwth the CPC Mnastral pignents. That was very good for
me, because we had just built a new plant to manufacture copper
pht hal ocyani ne and the various blue and green chlorinated
pht hal ocyani nes. The process put into the plant was based on
pht hal i ¢ anhydri de and urea and was not the same one we had been
using in our sem works which was based on phthalonitrile. It
wasn't working and the stuff had really hit the fan. The |ovely
old gentle German Division Head, Oto Stall mann, who was a good
man and had been running this division, really wasn't up to the
hurly-burly of dealing with a managenent that was furious because
the plant didn't work -- bad pignment was accunul ati ng and
customers were screamng. He wasn't responsible for that. It
was the engi neers who had desi gned this cheaper new process.
They put nme in there because they thought | was a little
cant ankerous and coul d maybe fight it all out.

FERGUSON: Who was this that you repl aced?

SCHROEDER (Otto Stallmann. He was a marvel ous man and a good
friend. He was very helpful to me as | went into this job.
Initially OGto could supply the know edge that was needed in this
field, and I could supply the fight.

FERGUSON: Was this copper phthal ocyani ne process running at the
Chanbers Wor ks?
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SCHROEDER:  Yes. They had been nmaking the dye by the process of
baki ng phthalonitrile with copper chloride. It was a very easy
process. It works beautifully and gives a very pure pignment.
Basically, it's derived fromR P. Linstead's and ICl's first
work (15). To nmake it cheaper, our process people switched to
the process where you cook up copper salt, urea, and phthalic
anhydride in a solvent like dichloro- or trichlorobenzene. There
are many by-products in this process. You get a pignment that's
not as pure, and it's nore difficult to purify it to obtain the
desired bright shades. The custonmers were screamng for the
beautiful stuff that we had been naki ng by the bake process from
phthalonitrile. Thus we had a plant that was pouring out this
not - so-good pignent at a great rate. It was a huge plant. W had
to find out what was wong, straighten that process out, devel op
a better finishing nmethod, and handl e the general managenent who
were worried to see so nuch noney pouring out the front door.

| learned a | ot about politics, dealing with the plant and
over - anxi ous, al nost hysterical, people who want to do things
when they don't know anything. | had two years of marvel ous
experience in what you mght call intertribal warfare. Also |
got to run a great big sem works that made copper phthal ocyani ne
and the green chlorinated copper phthal ocyanine while the other
one was in trouble. W also nade a bunch of rubber chem cals and
m scel | aneous antioxidants and all kinds of stuff. | was
responsi ble for this on the side. Al this was good for ne,
because it gave ne a feel for the pressures of a practical world.
Incidentally, there is sonething else that | ought to nention,
goi ng back to Central Research. One of the great joys of working
on that adhesive problemfor the nylon tire cords for bonber
tires was the fact that | had conplete responsibility for it.
When | found sonething, since it was such a hot project, | didn't
pass the devel opnent on to sonebody else. | just took the
devel opnent. They gave ne a plant. The first thing | nade was a
rubber derivative. They sent me up to Fairfield, Connecticut,
confronted me with a Banbury m xer and told nme go ahead, nake it.
| had made it in alittle Banbury m xer that held about two
hundred granms and there | had this nonster that held a thousand
pounds.

I had a bunch of experiences like this. | nade this new
| atex on a | aboratory scale. Then | had a great big autoclave
and they said, "That's yours! Go ahead and do it." Qut of this

you learn what it is that works in the |aboratory and about which
you really don't know enough to do it on a |arge scale. You have
to get data on the physical side of it; rate data, heat data,
consistent results, etc. It was marvel ously educational. Having
had t hat experience, then running the sem works was very

educati onal because | was | earning what you needed to know to
make t hi ngs work.

FERGUSON:  You were involved in sone |ater papers on dyeing rates
on Orlon and Dacron (16-18).
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SCHROEDER: At the tail end of nmy two years running the

M scel | aneous Dyes Division, at the end of 1950, I was given
responsibility for running the project on the dyeing of the
synthetic fibers which were comng out -- Olon polyacrylonitrile

and then Dacron pol yet hyl ene terephthalate, in addition to nylon.
| had an extraordinary opportunity since these fibers were
difficult to dye and | had a chance to go about a project the way
| like to go about it. That is, find out what's going on before
you dive in and synthesize the nol ecul es.

We undertook studies on the nmechani sns of dyeing nylon,
O'lon and Dacron by various nethods to find out, in the physical
sense, what really was happening. Wat's going on as the dye
goes into the fiber? What nolecular features in the fiber were
I mportant, what nol ecular features in the dye were inportant,
what is the physical process and what are the equilibrium and
ki netic processes? Wen we unsnarled that and knew what ki nd of
dyes we needed to have to get into the fiber then it was a rather
easy job to use the best of our know edge of dyes to synthesize
sonme very fine dyes. It was good fun. | really enjoyed that
proj ect because it put together physical chem stry, synthetic
chem stry, and polynmer chemistry.

FERGUSON: You had Matt [Mathias J.] Schuler. | think a picture
of himwas shown in the Chem cal Engineering News article that
you wote (17).

SCHROEDER:  That job also involved Bill [WIliam R ] Rem ngton
That was a classic job they did. The nylon work was by E. K
@ addi ng and Rem ngt on.

FERGUSON: Rem ngton was the physical chem st on this?

SCHROEDER: Bill Rem ngton was an excel | ent physical - organi c

chemist. W had himas a group |eader working with it. Bill was
a Chicago man. He worked with one of the very physical organic
men out in Chicago. [George W] Weland. Bill was a marvel ous

chem st. He was a very prickly, difficult person but one of the
best chem sts | saw at Du Pont. He was just marvel ous for going
into sonmething and figuring out what was going on. He had just
the proper attitude of skepticismand doubt. Bill and Matt
Schuler did that job on pol yester which was a classic. They
showed that the dye dissolved in the anorphous regions of the
pol yester.

FERGUSON. At the tinme | cane, Sam [ Samuel S.] Lord was worKking
on the tristinmulus color system Did that cone out of your work
I n any sense?
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SCHROEDER: It cane fromoutside as well as inside with Fred C
Chroney. |If you knew what was going on in the general science of
color then, it was just a natural thing to go after that. It was
latent in the world outside of us and ready to be worked on. W
did sone fine nechanistic work on the fibers. That includes the
work that Rem ngton and [Edward K. ] G adding did on nylon, the
work on the various mechani sns of dyeing Orlon that [Robert H. ]

Bl aker and | and ot hers worked on, and the work that Schul er and
Rem ngton did on the solution dyeing of polyester fibers.

FERGUSON: What was the state of the dyeing theory at the tinme
that you got into the field? Ws it on the physical side?

SCHROEDER: It was in a state of confusion. The understanding
was there, but, as in many things which haven't been brought to a
concl usion, there were many, many conflicting theories. The only
one that was really understood in principle and practica
certainty was the fact in the case of wool and silk, you were
dyeing with acid or basic colors on the appropriate groups in the
wool or silk.

In the case of nylon, there was nmuch confusion. Nylon was
dyeable with all kinds of colors largely due to the fact that,
besides its chem cal end group effects, nylon is one very fine
solvent. It has all those am de groups, and it has an
extraordinary ability to dissolve things in its anorphous areas.
The real nmechani smof dyeing a fiber by an approach which
i nvol ved dissolving in the fiber was very poorly understood. The
wor k done on cellul ose acetate was pretty good, but a little
sl oppy. The correspondi ng work on nylon was poor and work on
Dacron was nonexi stent. They were all kinds of theories floating
around to the effect that the dyes going into cellul ose acetate
or nylon or the like, were going on to specific sites, even if
they seened to be dissol ving.

Rem ngton's work showed beyond any doubt that basically,
what you had was a separatory funnel behavior. You had a
partition coefficient. The dyes would go in with accordance to
their solubility in each nedium Rem ngton's work j ust
conpl etely destroyed all the fog that floated around this field.

To illustrate how thick that fog was, | can take you to about
1955, well after we had done this work. | was invited to a
conference in Washi ngton on the connection between nol ecul ar
structure and biol ogical specificity. It was run by the

bi ol ogi cal scientists. It included all of these hot rocks, many

| ater Nobel Prize winners, people |like Linus Pauling and

Leder berg, who were concerned wth enzyne interactions, proteins,
etc. The reason | was invited was that we had done sone
relatively definitive work on the rel ationship of a pol yner and
anot her smaller nolecule. They wanted ne to tal k about that.

| got down there and delivered this paper which was on al
of this nechanistic stuff pulled together (19). Wen | got to
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the part on the distribution coefficient -- partition coefficient
bet ween a dye and pol yester -- Linus Pauling got up and wanted to
start an argunment. He said it was preposterous, and there was
obviously a site in the polyester. He really gave a ten-mnute

| ecture show ng what an ass | was. Fortunately, | had a whole
bunch of Remington's slides with ne. | proceeded then to | eave
ny talk and | destroyed Pauling' s hypothesis. After | got

t hrough delivering this rebuttal to Pauling, people got up and
cheered. They really liked to see himput in his place. You
know what Pauling is like. The only reason |I'm focusing on this
incident is that it shows you the m asma that surrounded this
field. There were too many nechani sns and no clarity.

FERGUSON. O course Pauling's field was nore crystall ography,
and that sort of thing.

SCHROEDER: But he had gotten into this. O course, Linus was
into everything. | like Linus and admre himgreatly. There
wasn't anything personal in this, and he knew it.

FERGUSON. Did he hold it against you?

SCHRCEDER: No. As a matter of fact, he liked it. After it was
all over and we were having a drink |later on, he said, "That was
good for nme." [LAUGHTER]

FERGUSON:. Did you ever get into any argunents with Paul Flory?

SCHROEDER: No, none. Paul was at the Chem cal Department at Du

Pont when | joined there. He left after I had been there for
about two nonths. | barely got to know him He was right down
the hall fromnme. | got to know himlater when he was consulting

with Textile Fibers and Central Research Departnents. W used to
use himonce in awhile. He was always very positive, but I'mso
I gnorant and poor in the areas that Paul is so good, that there
wasn't any basis for a conflict. | used Paul pretty nuch as an
encycl opedia, for his magnificent knowl edge. He had a very

i nci sive reaction to things.

FERGUSON: When he made up his m nd on sonething he was al nost
unchangeabl e.

SCHROEDER: | suppose he may have been wong but he was
unchangeable. | was never one to take himon.
FERGUSON: Let's finish off on dye chem stry. | pictured O chem

32



as being the hot bed of dye chem stry, naybe one of the best
places in the world during that period.

SCHROEDER: It was good, but it wasn't the best. The Gernans
were probably the best. In the nechanismstuff, we were the
best. There was no question about that. 1've had people who
worked in England, |ike [Raynond H. ] Peters, who wote a |ot of
papers in this confused area of dyeing nechanisns for acetate and
nylon (20). He cane up to nme afterwards and said, "You fell ows
really clarified those nmechani sns. Those were classic papers.”
On that, we were undoubtedly the best, and | ascribe nost of that
credit to Rem ngton.

FERGUSON. What about the marketing and business strategy of the
dye wor ks and Orchenf

SCHROEDER: Abysnmal! | |loved the marketing people. They were
very good to ne. They took me out in the field. They treated ne
in a way that the el astoners people never did. They took nme out
to the custoners when I was a chem st, when | was a group | eader,
when | was a division head and when | was assistant director of

the lab. | got to go to our sales neetings in the different
branch offices. Fromthis | really devel oped a feel for the
sal esnen, the custoners, and their problenms. | got enough

know edge so that | could separate the real problens fromthe
hypot heti cal ones. They helped ne greatly in this. These were
peopl e |i ke Broze Chandl er, Boony Newran, and Gordon Markl e.
These were all college trained people, but not scientists. They
wer e marvel ous peopl e.

The abysmal | woul d apply to many business practices. There
was a feeling that you had to stock all of the dyes whether
profitable or not. You had to be able to satisfy any request at
any time. They had no concept of inventories and the expense of
keeping all of those things. They saddled us with a need to make
many colors, so many of which were unprofitable. They'd want a
dye just because sonme small custoner in the southeast corner of
Pawt ucket, Rhode Island needed sone to dye a spool of silk yarn.
They drove us nuts. This drove the plant crazy, too.

The pl ant had enough problens of its own. The Chanbers
Wrks was a very busy place in those days. It nmade "zillions" of
things. They had sonme very good people |ike Harvey Stryker,
"Doc" Hunphrey, Elton Col es, Paul Wngate and Frank Know es and
al so sonme very poor people, the residue of years of attrition. It
was a process whereby the best of people got pronoted to other
departnents and higher jobs. A lot of those who were not the best
were left at the Chanbers Works. Being left didn't foster their
individuality or talent. These poor people had no incentive and
they weren't the best anyway. So the performance you got out of
many was at best nediocre. They required very tight supervision.
Some of the practices this led to were very poor.
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[ END OF TAPE, SIDE 4]

FERGUSON. Would you like to say sone things about Louis Fieser?

SCHROEDER:  Yes. Louie was a narvel ous teacher and good organic
chem st. |In fact he engendered ny own interest in organic

chem stry at Harvard. Back in about early 1946, we hired him as
a consultant at Jackson Lab. For sone of the work that | was
doi ng on vat dyes, which was right up his alley, he was a

marvel ous consultant. But for many of the people around the |ab
who were doing things that were really of less interest to Louie,
it was difficult for himto relate to them As a consequence, he
wasn't as popular with themas he was with nme and with sonme of
the people in the managenent. Louie was a good friend and to ne,
remar kabl y usef ul

He got into alittle bit of unpleasantness w th our
Assi stant Research Director, Dr. Herbert Lubs, because Herb was
then the editor of a book on the chem stry of synthetic dyes and
pi gments, to which various people in Du Pont were contributing
(21). Herb was very proud of this endeavor, which was badly
needed. He found out too late that Louie Fieser was al so working
with a chem st nanmed Venkataranman on a book on the chem stry of
dyes (22). Herb always deeply resented the fact that
Venkat araman and Loui e beat himto the gun. He thought Louie
t ook advantage of him This was just normal. Louie had been
working on the job and, as in these days, conpetition is the name
of the gane. He who gets in the first shot is the |ucky boy.
Anyway, that snoothed over and we had a nice time with Louie.

FERGUSON:. Let's get into your polynmer career, because we haven't
touched on that yet.

SCHROEDER: For a while | had practically nothing to do with

pol yners after | left the work on rubber chem stry and the rubber
adhesive in 1945. In 1950, | got back into polyners indirectly
when | was given responsibility for dyeing the new synthetic
fibers. That got nme again interested in polynmer behavior and the
physi cal chem stry of polynmers. Having had experience during the
wartime when I was working with the tire cord adhesives and

i socyanates, | was then given responsibility at Jackson
Laboratory for our work on isocyanate chem stry which we had j ust
reopened. It included both the devel opnment of a process for

di functional isocyanates, which turned out concentrating on

tol uene diisocyanate for econom c reasons, and for work on the
products and uses based on isocyanates. This was about the end
of 1950.

| got back into polynmers here with a vengeance because one
of ny chemists, Fred [Frederick B.] HIl, had been given the
responsibility for synthesizing sone pol yners of nodest nol ecul ar
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wei ght as textile adjuvants, things for treating the surfaces of

textiles. Hill inadvertently did sonething that we had been told
not to do, and that was work on synthetic rubbers. He didn't
really work on them He just fell into a synthetic rubber. He

condensed tol uene diisocyanate with polyethyl ene gl ycol and nade
what was the first rubbery pol yether-urethane, for which he |ater
got the fanous Hill patent (23). W dropped everything else in

i socyanate uses and went to work on these pol yether-urethanes and
devel oped t he product which Du Pont named Adi prene. CQur
managenent hoped it would be saleable in tires.

As | nentioned in the article that | wote for the Goodyear
Medal reception (24), it canme apart because the product was
t her nopl asti ¢ when subjected to very high rates of abrasion or
hi gh heat. W solved that problem when Dexter Pattison devel oped
a sul fur-curable product which really was quite adequate for the
intended use as atire tread, but it was really too late and the
product proved too expensive. W abandoned it and were left with
t he busi ness of polyether-urethanes as |iquids for casting
resins. This chem stry also |led us into the pronotion of
pol yet her - ur et hane foans, in which field we enjoyed a | ovely
busi ness just selling isocyanates. W never chose to go into the
manuf acture of the pol yal kyl ene glycols except for polytetra-
net hyl ene ether glycol, the basis of Adiprene, Lycra Spandex
fiber, and the urethane used in Corfam synthetic |eather.

FERGUSON: The conpetition got into polyester-urethane foans?

SCHROEDER: They got into the work that had been done by Adol ph
Bayer in Germany. It was really the pioneering work on polyester
urethanes as |linear polyners. They devel oped a product called
Vul col an and out of that were devel oped a bunch of polyester

ur et hane foans whi ch have marvel ous physical properties but a
fatal deficiency, a sensitivity to hydrolysis. So in noist

at nospheres or in water, they disappear. W quickly realized we
didn't have this particul ar deficiency and pronoted the

pol yet her - uret hanes on that basis. That particul ar property,

pl us the econony of synthesis of polypropylene ether glycol as a
primary raw material for the ether backbone, is why the

pol yet her - ur et hanes qui ckly superseded the pol yesters in foam
uses and why they're so popular in so many casting applications
where water hydrolysis is a problem This work was al so

stinmul ated by Charles Price's independent discovery of

pol ypropyl ene ether-based |iquid urethanes and foans (25).

FERGUSON:  You got into the thernoplastic segnmented pol yuret hanes
| ater, during your tenure as Research Director?

SCHROEDER:  Yes. Qur first interest in the pol yurethanes was as
an Adi prene general purpose gum rubber of rather exceptional
characteristics. | think the tires were the result of the |ust
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on the part of our managenent for a |arge market opportunity. W
woul d have done nuch better to pursue the general purpose
mechani cal goods market for which the products were really
useful. In the course of this work, we also started to nake
segnent ed pol yur et hanes whi ch were useful as thernoplastic

el astoners. Wien we alerted our Textile Fibers Departnment to the
properties of the material, they quickly used this chem stry to
achi eve an objective that they had been trying to get at with
segnent ed pol yesters, basically derivatives of polyethylene
terephthalate with flexi ble segnents. They nade the el astic
fiber Lycra, which is a polytetranethyl ene ether glycol urethane
based on di phenyl nmet hyl ene dii socyanate, the chain extended with
sonet hi ng whi ch has been variable over tinme, am nes, hydrazines,
etc. | don't know what it is now

We sought to make a good thernoplastic el astoner at that
tinme and really m ssed because our products were too thermally
unst abl e under nol ding conditions. [Charles S.] Scholl enberger
at Goodrich nade the first practical thernoplastic segnmented
pol yur et hane, whi ch was announced at about the sane tinme that we
announced our Lycra, which is a related thernoplastic fiber. W
didn't think that products were good enough so we kept working
over the course of tine.

The first devel opnent we had that was adequate technically
was a pol yet her urethane based on a di-secondary am ne,
pi perazi ne. The reason for the secondary am ne was to elimnate
the hydrogen in the polyurethane structure so that the reverse
reacti on of pol yurethane to am ne and isocyanate would no | onger
be possible. This new product was extraordinarily good. It had
excel I ent physical properties and processed well plus hydrolytic
and thermal stability, but was too expensive. That product was
devel oped by Bill Wtsiepe.

Since that turned out to be too expensive, we noved back in
the direction of other segnmented polyners that were nmade by
strai ght condensation pol ynerization. At first we tried
pol yam des, and when that failed, we used polyesters. W K
Wtsiepe found the product now marketed as Hytrel, which is a
random segnent ed co- pol yester based on pol ytetranet hyl ene et her
gl ycol and pol ybutyl ene terephthal ate. The significant discovery
that Wtsiepe made was that pol ybutyl ene terephthalate as a "hard
segnent” was particularly appropriate because it had a very cl ean
nelting point and was able to crystallize very rapidly fromthe
nelt, far faster than the polyethylene terephthal ate crystalline
segnent. This really is the practical basis for the success of
Hytrel. There was nothing else we did in the way of segnented
pol ymer structures of that sort that was really successful

FERGUSON:. Overall, have the pol yurethane-based pol yners been a
great success?

SCHROEDER:  Yes, though Du Pont abandoned the field in the 1980s
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except for Lycra fiber. Du Pont was really a major factor in
getting the pol yurethanes | aunched. The original patent was the
[WIlliamE.] Hanford and [Donald F.] Hol mes di scovery made in the
late thirties (26). It antedated Bayer's worKk.

FERGUSON: Hanford and Hol nes was a Du Pont patent?

SCHROEDER:  Yes. Butch Hanford was a supervisor at the
Experinmental Station. Don Holnmes was the son of Fletcher B

Hol mes who was Director of Jackson Laboratory back in the 1920s
Adol ph Bayer had nade a pol yneric urethane by condensing
hexamnet hyl ene dii socyanate with tetranethyl ene glycol, as an
attenpt to duplicate the properties of 6,6-nylon. That proved to
be too expensive. Hanford and Hol mes nmade the first segnented
pol yur et hanes by condensati on reactions involving difunctiona

i socyanates and difunctional polyners. Nothing practical cane
out of that early work except the basic patent.

The man who really discovered the segnmented thernopl astic
pol ynmers, was Mark D. Snyder in the Textile Fibers Departnent.
He carried out an extraordinarily interesting experinment. \Wen
they were attenpting to nmake pol yester fiber nore dyeable, they
put pol yethyl ene glycol in it as a way of making the fiber |ess
crystalline without dropping the nelting point too nuch because
mel ting point depression is a nolar relationship, as based on
Flory's theory (27).

Mark di d somet hing that nobody el se had done. He nmade sone
pol yet hyl ene sebacate, which is basically a fluid polynmer and
al so crystalline polyethylene terephthalate. He put them
together in a flask as separate polyners, with an ester
i nt erchange catal yst, and watched what happened over tinme as the
reaction proceeded. He took out sanples and | ooked at them He
showed that it went froma fiber, all crystalline mxed with
liquid, to a segnented product that had el astic characteristics,
and then to sonething that was conpletely random zed and soft.
He did that around 1950 (28). It was very interesting work.

FERGUSON: | think that some people read the patent literature,
and sone people read the scientific literature.

SCHROEDER It's too bad that they don't get married. | think
the average academ c takes pride in deriding the patent
literature as a bunch of junk. But in the polyner field, there's
no question that the prinme nover has been the industrial

scienti st making things, which the academics are later trying to
expl ai n.

FERGUSON: After the pol yurethanes, what was the next polyneric
proj ect that you were involved in?
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SCHROEDER: There were two. | don't renmenber which came first.
"1l talk about the fluoropolyners first. Coincident with our
wor k on urethane and pol ychl oroprene we | earned that the Air
Force was rapidly noving in the direction of very high speed jet
engines with high tenperature requirenments. Rubbers were needed
for seals, Orings, etc. but available products, even the
silicones, didn't have the required thermal stability together
wi t h adequat e sol vent resistance. M W Kell ogg Conpany had
approached us for a license to a patent developed in Du Pont's
Central Research which was for copolyners of vinylidene fluoride
of a leathery character. It was Tom [ Thonmas A ] Ford' s patent
(29). CQur old friend Butch [W E.] Hanford, who worked with Ford
at Du Pont on fluoropol yners, had noved to M W Kellogg so,

bef ore approving this request, | asked Bill [WIIliamB.]

MecCor mack, who worked for nme at the Jackson Laboratories, to
exam ne the patent literature for clues to what Hanford m ght
want this patent for.

As a result of our search, we found information suggesting
Hanford was interested in polynmers fromchlorotrifluoroethyl ene
which mght to be rubbery. On learning that | felt we could do
much better than that using our know edge of fluorine chemstry.
So | started up the project which led to Viton. Having had the
experience during the 1940s at Central Research, when | made the
rubbery trifluoromethyl substituted polyethylene (12), one of our
prinme goals was to | ook at hexafl uoropropyl ene, which would put a
pendant trifluoronmethyl group into the vinylidene fluoride
copolynmers of Ford's. As a result of this, we very quickly
di scovered Vitons A and B and got the patents on it (30, 31).

FERGUSON: Was that the patent with John Pailthorp?

SCHROEDER: There were two patents here. Rexford's and the one
with Pailthorp. W put Dean Rexford to work on the first

copol ymer. Dean found out how to copol ynerize the hexa-

fl uoropropyl ene with vinylidene fluoride, whichis alittle
difficult. So one patent was Rexford's (31). | put J. R
Pailthorp to work on maki ng a nore stable product by
copolynerizing the two with tetrafl uoroethylene as well. The
first of these is Viton A and the other is Viton B. Both
products, although a little leathery, turned out to be nuch
better in a practical way than we had even expected (30). Wth
the help of the Air Force, which took every scrap we coul d make,
we had to get manufacturing very fast.

FERGUSON. This is fascinating to nme, but of course | was there,
and | was init alittle bit. Dd Du Pont have any basic patents
in the polyvinylidene fluoride honopol yner?

SCHROEDER:  Yes. In roughly 1937, Roy Plunkett, in pursuing
ot her objectives, nade sone tetrafluoroethylene and left it in
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the cylinder. It polynerized and he discovered pol ytetra-
fluoroethylene. As they say, luck favors the prepared mnd. Roy
and his hel per, Jack Rebok, had the good sense to take a | ook
into the cylinder that didn't deliver tetrafl uoroethyl ene and

di scovered the white powder. Wth natural scientific curiosity,
Roy had the good sense -- well you tal ked to Roy?

FERGUSON: As a matter of fact, Roy gave a nice talk on this at
the AAAS neeting |last spring. W have his oral history too (32).
Jack Rebok thought he was the inventor, didn't he?

SCHROEDER: It's hard to say. There are stories here and | just
don't know. Jack was an exceptionally good technician with a
very healthy curiosity. It could well be that the curiosity with
regard to that cylinder was nore Rebok's than Plunkett's. The
curiosity with regards to the properties of the dust were
Plunkett's. So I would have called it a mx. It's a shane that
Jack didn't get on the patent (33). | don't know, because |
wasn't there.

FERGUSON. Why woul d Du Pont never get into making polyvinylidene
fluoride?

SCHROEDER:  That was over at the Experinental Station and Centra
Research. At the Central Research Departnent, [Melvin M]
Brubaker was interested in fluoroolefins. Wen Plunkett made his
di scovery, the Organic Chem cal s Departnent chose to keep the
devel opnent of tetrafl uoroethyl ene polynmer under its own w ng.
Central Research chose to pick up sone other fluoroolefins and
see what they could do wwth them They started prograns to

synt hesi ze vinylidene fluoride, vinyl fluoride and trifluoro-

et hyl ene and to polynerize them These studies didn't go al ong
very fast until a few years later, when Harold W Elley of the
Organi ¢ Chemi cals Departnent concluded that his department wasn't
really good enough at polynerization to capitalize on the PTFE

di scovery. They didn't have enough understandi ng to handl e the
probl em of pol ytetrafl uoroethylene and to work it out.

Ell ey asked E. K. Bolton of the Central Research Depart nent
to take a look at this polytetrafluoroethylene and see if he
could straighten out the polynerization so that it would be nore
replicable. The job was given to Bob [Robert M] Joyce and
Howard Young in Central Research. They worked out the
pol ynmeri zation of tetrafluoroethylene to polynmer and al so worked
out nmeans of making nolded articles, basically by sintering (34).
Joyce's fine work showed that the difficulties that had been
experienced with the fluorool efins were basically due to the fact
that the fluorool efin polynerizations were extraordinarily
sensitive to term nation, inhibition, telonerization.

The work basically elevated the standards for preparation
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and handling of these various fluoroolefins to a higher |evel.
They made much purer nononmers. The projects then noved into an
area where they were nmeki ng very pure nononers and pol yneri zi ng
under very carefully controlled conditions. The job of studying
the two nononers, vinyl fluoride and vinylidene fluoride, went to
various people in Central Research. The man who did the
vinylidene fluoride work was Tom Ford. Tom nade vinyli dene

fl uoride honopol yner and al so vinylidene fluoride copolyners. He
al so made a nunber of other fluoroolefin polyners. |In fact, Tom
was j ust knocki ng out one fluoropolyner after another. It turned
out that the properties of polyvinylfluoride and pol yvinylidene
fluoride were close. The physical properties of polyvinyl-
fluoride were somewhat superior to polyvinylidene fluoride. The
ot her properties were virtually indistinguishable. The products
softened at such high tenperatures that the question of
solubility, the effect of the other fluorine, doesn't really cone
in. The very unusual electrical and electronic properties of

pol yvi nyl i dene fluoride were never noticed. Nobody ever neasured
things |ike that then.

[ END OF TAPE, SIDE 5]

SCHROEDER:  Vinyl fluoride (VF) of is made from one nol of
hydrogen fluoride and one of acetylene. Vinylidene fluoride
(VF2) was then nmade by addition of two nol ecul es of hydrogen
fluoride to acetylene, then chlorination of the difl uoroethane,
and pyrolysis for elimnation of hydrogen chloride. So it's
obviously a | ot nore expensive than vinyl fluoride. Having seen
that the physical properties of polyvinylfluoride were so good,
the Chem cal Departnent naturally chose to concentrate on vinyl
fluoride.

The concentration on the properties of vinyl fluoride were
al nrost coincident with the start of the war. It was quite
i npossible to maintain both. In a normal course of events, they
probably woul d have pursued both. Because of the unusua
properties of polyvinyl fluoride they were able to get a draft
cl earance for the chem st working on vinyl fluorine (VF) who was
Fred Johnston. He was concerned with devel opnent of it. |'m not
sure who first found it. It mght have been Tom Ford. They
concentrated on trying to nake both nol dable plastic and filns
and fibers. It wasn't realized until we were well into the
devel opnent that polyvinyl fluoride (PVF) had a fatal flaw as a
plastic. The tenperature at which it nolded cleanly was so cl ose
to the tenperature of exotherm c deconposition that very
frequently, during nolding of a polyvinyl fluoride plastic, the
pol yner woul d expl ode. We never did solve this problemwth
stabilizers of any sort. Then there were a nunber of other
fluoropolynmers of interest such as the TFE/ ol efin copol yners.

FERGUSON: They did get Tedlar filn®
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SCHROEDER: That came later. "Il finish off with this war part
first. W gave up a nunber of other very interesting polyners

di scovered in the sanme period. John R Roland discovered that
the ethyl ene/tetrafl uoroethyl ene copolynmer was a fine plastic and
t hat copol yners of propyl ene and tetrafl uoroethyl ene were

el astoners. | discovered that copolyners of ethylene and
trifluoropropene were elastoneric. These were very interesting
pol yners but, with the war and the inability to get people away
fromwartinme projects, we had to abandon them Pol yvinyl fluoride
for filmwe picked up during the 1950s at the tine when | was
Assistant Director of Jackson Lab. | picked up responsibility
for fluorine research in Jackson Lab. W were | ooking around for
new | arge outlets for our capability in fluorine chem stry other
than propellants and refrigerants. W chose to take a | ook at

pol yneri zabl e i ntermedi ates, which i medi ately brought up
vinylidene fluoride and vinyl fluoride. When this request cane
fromHanford relative to giving us a license, we were singularly
al ert because we were already |ooking for things ourselves. It
just didn't catch us fallow. W were really ready.

Also by luck it had been found during the course of vinyl
fluoride devel opment that polyvinyl fluoride and pol yvinylidene
fluoride, when nade into paints, were extraordinarily |ightfast.
This was an acci dent because over the war period, sone panels
whi ch had been sent down to Hialeah in Florida had been
forgotten. These panels had been sitting down there in Florida
for alnost ten years when sonebody at the paint farmsaid, "Don't
you want these panel s?" They took these panels back and | ooked
at them \WWere nost of the finishes used in the paints had
chal ked or enbrittled, there were these polyvinylidene fluoride
and polyvinyl fluoride finishes in pristine condition. There was
not hi ng wong with them

FERGUSON: These were clear-coat finishes?

SCHROEDER: Cl ear coat and al so pignented -- just perfect. The
reason for this is that both of these polyners are transparent to
ultraviolet light. So the natural processes that generate

radi cal s and deconpose polyners don't occur. You don't get any
energy where it counts. Then on top of that, there's no hydrogen
in either polynmer that's really hot, in the sense of being easily
detachable by a free radical. Efforts began in our Central
Research Department and in our Plastics Department to see if
somet hi ng coul d be done with these polynmers. The final outcone
of this was that the filmstarted to | ook quite interesting. By
now a Fi|l m Departnment had been formed, and they were | ooking for
sone filnms other than cellophane, on which their business had
been forned, and pol yethyl ene terephthal ate whi ch was novi ng
slowy as the Myl ar devel opnent. They were | ooking for sone new

films. As an onbudsman for fluorochem stry, | started pronoting
pol yvi nyl -fl uori de around the conpany and got Film nore than
interested. In fact, we spontaneously undertook research work on

our own on both of these products (VF and VF2) to get Film and
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also F & F [ Fabrics and Fini shes Departnent] nore interested.

Al'l of this fernent hel ped the devel opnent of Tedlar. It
was a cooperative thing where they were | ooking for sonething new
and we were pushing, trying to pronote fluoronononers for sale.

FERGUSON: Tedlar is still on the market?

SCHRCEDER: Yes.

FERGUSON: Is it a successful product?

SCHRCEDER: Yes.

FERGUSON. Did we |icense Pennwalt to the pol yvinylidene fluoride
filn®

SCHROEDER:  Yes, but the patent m ght have expired them W

i censed Kellogg to the Ford patent too. It would have been a
dog in the manger kind of thing not to. It wouldn't have been
good practice, especially when what they were trying to do was
intended for an inportant mlitary use. So we |licensed and they
devel oped Fluorel later. Then 3M bought that business from
Kel | ogg.

FERGUSON: Let's now get into the Nordel polyolefins.

SCHROEDER: In the early 1950s, we were manufacturing

pol ychl oroprene, and | ooki ng at pol yuret hanes. Exxon had a
product that annoyed us. That was butyl rubber. W thought a
better hydrocarbon pol ymer could be made than butyl rubber. |
asked Madi son Hunt to put sonmebody on meki ng a curable

hydr ocar bon pol yner ot her than polyisobutyl ene, and incorporating
a pendant rather than an enchai ned doubl e bond. The only nonomer
that | ooked as though it had a chance was propyl ene, because it
had been pol ynerized ionically. So we undertook a study. |
think Al [Alfred C ] Haven was given the job. W started a study
of copolynmers of propylene with non-conjugated diolefins, trying
to figure out how we could get the nol ecul ar weight up and how we
could get a side chain unsaturated nononer in there.

Wthin a nonth or so after we got going coordination
pol yneri zation chem stry canme in. Qite independent of Ziegler,
Frank [WIlliamF.] G eshamand his group in the Polychem cals
Departnent di scovered coordination polynerization and its ability
to polynerize olefins. So instead of working any further with
the ionic propylene copolynmers which are difficult, we quickly
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swi tched over to Greshami s coordination polynerization. Al Haven
started maki ng copol yners of ethylene and propylene with the | ong
si de-chai n nononer we had devised for the other work. | think it
was a mnet hyl hept adi ene. This was spectacul arly successful and
we very quickly had a nice | ooking rubber. This becane the first
subj ect of the G esham and Hunt patents on olefin terpolymners
contai ning an unconj ugated aliphatic diene (35). It was very
hard in all this nmelange to figure out who really was the
inventor. So we just took the representatives of the two groups,
G esham and Hunt, because there was an awful |ot going on in

Pol ychem cal s and an awful ot going on in our |aboratory. You
have to be practical.

The pol ynmer research was going so well that we soon deci ded
build a small pilot plant. Qur little pilot plant had controlled
nononmer and catal yst feeds and associ ated equi pnment. Since we
were in the Hypal on business by then, we naturally felt it would
be interesting to chlorosul fonate sone of the ethyl ene-propyl ene
pol yners t hensel ves instead of polyethylene to nake a new
Hypal on. Actually this yielded a beautiful elastomer. This
anal og of Hypal on was so nmuch nore |ike a rubber than Hypal on
that it produced a very enthusiastic reaction on the part of our
managenent in Wlmngton. The result was that they forced us to
stop the work we had been doing on the new hydrocarbon copol yner
to concentrate on the new Hypal on anal og.

FERGUSON:. Let's go back and talk a bit about what Hypalon is and
what its advant ages were.

SCHROEDER:  Hypal on synthetic el astonmer was di scovered by Anbrose
McAlvey in the old Amoni a Departnent. H's boss, Roger WIIians,
who | ater becane the Research Vice President for Du Pont, wanted
to make as many plastics as he possibly could and was j eal ous of
the fact that the Organic Chem cal s Departnent had Neoprene
synthetic rubber. So he asked MAl vey, through appropriate
channel s, to make hima rubber. They fingered pol yethylene as a
basi s because Central Research sone years earlier had chloro-

sul fonat ed pol yet hyl ene using the Reid reaction, chlorine and SO,
with [ight, and nmade a pretty good flexible | eather substitute.
So, Anbrose decided that he would take on pol yethylene and this
chl orosul fonation reaction first. Wen he chlorinated and

chl or osul fonat ed pol yet hyl ene he nmade a product which contai ned
about 25% chlorine and 1% of the SO, group, which turned out to
be a not bad rubber, with excellent ozone resistance and |i ght
resistance; so they built a pilot plant. Unfortunately this
Hypal on S-2 was a terrible rubber in terns of strength and
particularly in its processing characteristics since it becane
very sticky and had little green strength.

The new chl orosul f onat ed et hyl ene- propyl ene anal og that we
made got around these difficulties. W were able to get nuch
nore chlorine into it so that the solvent resistance was better.
The rubbery characteristics were better and the viscosity was
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higher. It processed nore |ike an elastoner and less like a
soft, soupy, nelted plastic. |In accordance with the orders from
on high, we took off very quickly after this. W found that this
beautiful rubber wasn't thermally stable because of the propyl ene
content. It had too many tertiary chlorines and thus was subj ect
to dehydrochl orinati on and subsequent oxidation with cl eavage on
| ong term exposure.

W recogni zed that this instability was caused by the
substitution on the tertiary carbon. So we started gradually
backi ng the propyl ene out of the structure and ended up with

chl orosul fonated |inear polyethylene -- a fine product which we
soon introduced as Hypalon 4D. It processed well and with 35%
chlorine had solvent resistance |ike Neoprene. | think that

patent belongs to Paul R Johnson and Mal [Malcol m A ] Snook
(36). Ml is a good one to talk to if you want history on
Hypal on. He was on the scene in Polychem cals and then with us
when this happened. He was the one who told nme about WIIians
telling MAl vey.

FERGUSON: This is a picture of nore cooperation than | felt
there was between the departnents.

SCHROEDER:  There isn't quite as much cooperation as you think
here. The Ammoni a Departnent (or it may have becone the

Pol ychem cal s Departnent then) tried very hard, with Wllians, to
get a hold of this business and to build a plant to manufacture
Hypal on. The entrenched forces of conservatismat O chem with a
very ni ce Neoprene business by now, fought very hard against this
brash newcomer who cl ai med Hypal on had all Neoprene's properties
and heaven too. This led to an Executive Conmittee
confrontation. As a result of this confrontation, Hypal on was
taken away from Pol ychem cals and given to Organic Chem cal s
Departnment. So one departnent was robbed of sonething it was
proud of, and the other departnent had sonething shoved at it
that it didn't really want. Hypalon wasn't regarded wth

pl easure by the Organic Chem cals Departnment. M boss, N ck
[Albert S.] Carter, a Neoprene pioneer, thought it was poison.

In fact, he thought it was such poison that he | ooked at it and
said, "Herman, you take it. | don't want to have anything to do
with this. You assune responsibility for it." He was proud of
Neoprene in which he had played a big part.

FERGUSON: My feeling was that sone opportunities were m ssed
over the years because the Plastics Departnment was only
interested in sonething that was plastic.

SCHROEDER: They were. There's no question that you're right.

FERGUSON: The thernopl astic business probably canme later than it
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shoul d have.

SCHROEDER: | couldn't agree nore. There were nany exanpl es of
things that came up through the 1960s and 1970s, where we woul d
have ideas in our departnment and I would have to veto them as
far as any extended work goes, solely on the basis that they
weren't our business and were Pl astics' concern or vice versa.

O I'dtell the fellows to do the work quietly and not to tell ne
about, because it was really doing sonething that our departnment
couldn't be in. At the sane tinme, the other departnent was

si ngul arly unsuggest abl e about the new ideas. You're dead right.

FERGUSON: |Is there sonething nore to be said about Nordel ?

SCHROEDER: Wl |, there's a lot to be said about Nordel. You
coul d spend hours tal king about that devel opnent.

FERGUSON: Exxon canme in with their dicycl opentadi ene (DCPD)
terpolyner. That was one we hadn't covered?

SCHROEDER:  This is very conpl ex. Du Pont made the first
curabl e rubbery polyners with |inear diolefins, hexadiene,
hept adi ene, things like that. They got the basic patent (35).
Stamatof f in the Pol ychem cal s Departnment copol yneri zed

di cycl opent adi ene and nor bornenes with ethylene. Herb [Herbert
S.] Eleuterio discovered the olefin netathesis catal ysts and

pol yneri zed those nononers and nmade the |inear honopol yners of
the cyclic olefins, |ike polypentenaner. The basic patents on
those were Herb's (37). Following Stamatoff's work, we put a man
to work on norbornene and di cycl opent adi ene E/ P copol yners. That
was C. Wheaton Vaughan. He didn't really like the project. He
just sinmulated some experinents and never did them He told us
they didn't work. A year or so later, | asked [Edward K. ]

@ adding to go back and take a | ook at that stuff. W

pol yneri zed et hyl ene and propylene with nonomers |ike nethyl ene
nor bor nene, vinyl norbornene, norbornadi ene and cycl opent adi ene
itself. These all worked and we have patents. There's a

A addi ng and Robi nson, a d addi ng and sonebody el se, and | have
one (38).

We got patents on all of these conbinations, but not
di cycl opent adi ene, because we had Vaughan's work that said it

didn't work. In the mddle of this, a foreign "early disclosure”
patent came out to a couple of people who had worked in the
Dunl op of Canada | aboratory (39). | forget the names of all of

t hem but one was WIfred Cooper and the other had a Russian or
Sl avic nane. They did a very nice piece of work on this and made
some pretty good-| ooking dicycl opentadi ene rubbers. W took a
| ook at those and decided that they really weren't as good as the
ki nd of product that we were naking, so we chose not to go any
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further with them But we also did enough to know that sone of
t hose ot her norbornene copol yners were good.

About 1960 or 1961, we built a pilot plant to make our
et hyl ene/ propyl ene/ hexadi ene terpol ynmer, which we called ECD 326,
and gave several papers on it. Papers were given at the Gordon
Conference and also at an ACS neeting. There were sone papers by
John J. Verbanc and sone papers by d adding (40). This
devel opnent elicited great reactions of envy in the rubber
i ndustry. Exxon cane in to see us and said that they would |ike
to nake one of them They wanted to nmake the one that we were
maki ng but we said, "No, but we would be glad to |icense you to
one of the other ones.” So we |licensed Exxon to the nethyl ene
nor bor nene copol yner patent which was very good. They were
satisfied. W were in a position where refusing Exxon a |license
was very difficult, because they were one of the conpany's
| argest custoners for tetraethyl |lead. And we had excell ent
relationships with them Earlier we had had a sem -partnership
with them (Ethyl Corporation) on the manufacture of tetraethyl
| ead whi ch had been dissolved many years before. They were
responsi bl e for sales and we were responsi bl e for manufacture.
It was an awful |ot of business, plus good industrial relations,
and refusing was al nost inpossible. So we gave thema |icense.

From Du Pont's standpoint, there was a very sad, al nost
com cal occurrence. @G adding's chemsts did the work on the
bridged-ring strained olefins |ike ethylidene norbornene or
nmet hyl ene norbornene. W patented themall individually because
of the Dunl op case nentioned above on dicycl opentadi ene. Since
we couldn't patent the whole class, we had to patent the
i ndi vidual s. Anong those was a patent application on ethylidene
nor bor nene and net hyl ene norbornene. @ adding was the Division
Head. The responsible patent |awer was naned Wal ter Steinbauer,
who was not too sharp. Unbeknownst to ne, the case that we filed
was not the case that | had approved. Steinbauer persuaded
@ adding that he could not cover ethylidene norbornene and
nmet hyl ene norbornene in the sanme case. Since d adding had nore
i nformati on on met hyl ene norbornene, the ethylidene norbornene
was renmoved fromthe case. | never knew this until the dam
patent was issued.

As a result of this, the nost inportant nononmer outside of
t he hexadi ene type, and the one that's used by all of our
conpetitors, was patent-free. The disclosure was in the patent,
but there was no case.

FERGUSON: That may have been the tale that | heard.

SCHRCEDER: W soon fired Steinbauer. He later went to work for
3Mand then they fired him He was an awful nice guy but highly
i nconpetent. | don't know how nuch noney he cost us. | don't
know i f you want that story.
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FERGUSON: |I'mdelighted by all of these stories.

SCHROEDER: | want to add sonething on Viton successors. W
di scovered Viton and nmade many i nprovenents on working with it
over the course of years. It becane quite apparent that as good

as it was, it wasn't good enough for many of the uses that really
were hitting us in an age where things were going off into space
or going down five mles into the ground, where the tenperatures
and conditions were extrenme. Starting as early as the late
1950s, we really went to work trying to create a better el astoner
and pretty well run out of the normal possibilities outside of
the fluorocarbon field. W exhausted the possibilities of exotic
fl uor oconpounds and decided that we really had to get back to
honme territory and take a | ook at TFE copol yners and find out how
to get themnore flexible. Due to sonme excellent work in the

Pl astics Departnment in Geshamis group by Art [Arthur W]
Anderson, Herb El euterio, and others, the peroxidation of TFE to
tetrafl uoroet hyl ene oxi de and hexafl uoropropylene to its
correspondi ng oxi de were di scovered. This in turn led to sone
interesting chem stry in the synthesis of the perfluorovinyl

et hers.

[ END OF TAPE, SIDE 6]

SCHROEDER: Qur friends in the Plastics Departnment found that if
t hey copol yneri zed one of these perfluoroethers with tetrafl uoro-
ethylene (TFE) it gave them a good, stable, processable plastic.
Wien we heard that we asked for the nonomer and to see if we
could nake a decent el astoner, and they cooperated. [Frank C.]
MG ew got ne sone perforce. He was very good about it. W just
pursued that |ine and managed to copol ynerize perfl uoronet hyl
vinyl ether with TFE. It turned out to be the best of those

et hers. It made a good | ooki ng rubber -- very stable -- that
was utterly unvul cani zable. Then by dint of blood, sweat, and
tears, and many years work, we finally found co-nononers that we
coul d copolynerize that were adequate for curing purposes. The
best was one that Dexter Pattison found. There were many that
wor ked, but that was the best. It was a perfluorophenoxy-

perfl uoropropyl - perfluorovinyl ether. Not too good a name, but
you get the idea. Using that, we were able to nmake vul cani zates
which had stability all the way fromthe point at which they had
flexibility, about -10°C, up to the point of their thermal
deconposi tion, which was just about the sane as Tefl on, around
325°C.

The real problemwe had here was not the rubber itself, but
how to develop it. It was so expensive and hard to handl e that
we had to take the unusual course of deciding to market it
ourselves as finished articles. The major market that we thought
we had di sappeared when Congress refused to support the SST any
further. So we floated a little business in the |aboratory.

That was fun. Qher than starting the project, ny contribution
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was perceiving that the only way we coul d nmake noney out of this
was to nmake the articles ourselves so that we could sell on a
val ue-i n-use basis. It worked.

It's a fantastic rubber and led to a nice small business.
The departnmental vice president |aughed at it but God bless ny
friend Charles Harrington. He said, "Let himdo what he wants.
G ve himthe noney." David W Holnmes in Sales was furious. The
sal es people who were out in the field were furious, because we
were conpeting with their custoners but, they let us get started.
Dave Hol nes even gave us people like Ralph Gaff to help us pul
it together.

FERGUSON: You weren't really conpeting agai nst conventiona
Vi ton custoner

SCHROEDER:  Qur customers thought we were and our sal espeopl e

t hought we were. But this product was so nuch better than Viton
that it wasn't. The real point was that our custoners wanted to
make all of the noney. |If there was any juice in this for us it
had to be in selling the finished articles. There was no way we
could justify all of the research and manufacturing expense to
sell what would be, at the nbst, a few thousand pounds of
material. You couldn't charge enough for it. We coul d get
maybe $100- 300 per pound for it by selling it as a raw pol yner.
It had a val ue-in-use down in an oil well or in an SST of
anywhere from $1000 to $10, 000 dol |l ars per pound. The follow ng
will make it very clear. Sixty thousand dollars worth of
material saved themfifty mllion dollars in retrofitting the
Titan rockets. We sold the Arned Services $60, 000 worth of

Kal rez.

FERGUSON: Is that right? That canme back to you with information
about how they used it?

SCHROEDER:  Ch, yes, we knew where it was to go and, even told
them how to process it for Orings and seals. W knew they were
using it for seals where Viton had failed. W had a special deal
with the governnent where we would sell themthe polynmer for a
reasonable price and let themuse it through a defense contractor
whom we hel ped. Al the other applications we chose to go after
ourselves. It was really funny to see how quickly the front
office attitude changed when in the third or fourth year into
this devel opnment, we made a mllion dollars profit out at the

| ab.

FERGUSON: Maybe that expl ai ned the change of phil osophy that
began to seep into Central Research at about that tinme. W were
criticized for not having gotten involved enough in the

mar ket pl ace and actually dealing with end-use custoners.
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That's probably part of your study conmttee's review of Centra
Resear ch

SCHROEDER:  Yes, it could be. One very strong influential factor
in Central Research that shoul d have been even stronger was
Monroe Sadler. In Central Research there was always a conflict
bet ween the theoretical scientist, [Theodore L.] Cairns, and the
very savvy, practical guy, Sadler. Sone things did happen partly
as a result of this study commttee. One of our reconmendations
was for the Devel opnent Departnent to get back to work on the
Central Research Departnent to help them |In due course, they
did nmerge the appropriate portions and put Sadler and his nen
back in Central Research. But | just don't know. The forces
that produce change are hard to analyze. They're so conpli cat ed.
You have to give Monroe an awful lot of credit for this.

FERGUSON: We'll pause here and set a later date to continue with
this interview

49



| NTERVI EVAEE: Her man E. Schr oeder

| NTERVI EVER: Raynond C. Fer guson
LOCATI ON: G eenvill e, Del aware
DATE: 12 January 1987

FERGUSON. We've di scussed Adi prene, Hytrel, Viton, Nordel and
Kalrez. | didn't say anything specifically about Vamac. Do you
want to add anything about that?

SCHROEDER: | think nost of what you need on Vamac you'll find in
t hat Goodyear paper (24). |It's a short sunmary. We had nmade
the discovery that you could copol ynerize ethylene with
functional nononers like acrylic esters and acrylonitrile in the
presence of a Lewis acid. W picked fluoroboric acid because it
was recoverable by distillation. This gave us a beautiful

al ternating copol yner which had a conbi nati on of reasonable

sol vent resistance and good tenperature and oxi dation resistance.
It was sort of a carefully engineered conpronise to neet a

percei ved market gap.

W were quite enthusiastic about it until we ran sonme cost
cal culations. | had been worried about the conplicated process.
To nmake that product, we would have had to invest about eighty
mllion dollars in plants to nake fifty mllion pounds. There
was no way we were going to nake a ganble like that on that kind

of a product -- considering that it had to be of noderate price.
| renmenber that | then exerted what you m ght call executive
privilege. | told the men to knock it off. "Let's find a

practical way to make this polyner rather than make such a fancy
thing. Let's go nake it down in one of the Texas plants where

t hey know how to copol ynerize ethylene, even if it isn't so
perfect.” That produced wails frommnmy col |l eagues Burt [Burton
C.] Anderson and Rudy [ Rudol ph] Pariser, but faced with a | ack of
funds, they had to do it. In the high pressure reactors of
Sabi ne works, we very quickly found Vamac which was practically
as good as the beautiful, alternating polynmer. It just wasn't as
nice scientifically.

FERGUSON:.  You brought up a point that | have been thinking
about. It seened to ne that over the years | saw | ots of cases
where it was extrenely hard to term nate a research project even
though it wasn't goi ng anywhere.

SCHROEDER: Ch, it's terrible. [It's difficult for everyone.
50



FERGUSON. Who finally has to decide this?

SCHROEDER: That depends: nmnagenent, research nanagenent, even
the chemst; it varies. |If | had the good sense to see it,
usual ly had to do it nyself, because it's very hard to separate a
scientist fromhis child. You can understand that.

FERGUSON:  Oh, vyes.

SCHROEDER: | stopped a nunber of them Pete [E. Peter] Goffinet
was pursuing two very interesting processes for nmaki ng Nordel.
One was a new sol ution process with evaporative cooling, which we
now use. The other was potentially cheaper but much nore of a
ganbl e, a suspension process. W just didn't have the noney,
energy or people to pursue both on the scale that would ensure
getting the thing done. | told Pete that we had to pick one of
them He thrashed and funed and kicked. Finally, when I
couldn't get himto nake up his mnd, | brought himinto the
office and said, "Pete, pick a process. |If you don't pick it, |
will!"™ Then he picked it. You have to do things |ike that.

FERGUSON:. Was that the slurry process?

SCHROEDER: Yes, the slurry process was the one that we kill ed.
We just didn't have enough manpower or the noney to do both.
It's like going to the store and wanting to buy two suits when
you have only noney for one. There were a |lot of cases like

t hat .

There was a anot her fascinating one with Rudy Pariser, which
just shows the psychol ogy of the situation. There was a project
he was pursuing that obviously was going around in circles. |
won't identify the chem st because it's imuaterial. But the
fell ow was on the head of a pin and he wasn't going to get off of
it. Rudy loved the project but | said, "Rudy, we have to stop
it. It's not getting us anywhere."” After nuch "Sturm und Dré&ng"
| told Rudy that we were going to knock out the funds. He said,
"Ckay, we'll stop it.” Then | did sonmething that was inspired.
| said, "Rudy, wite ne a little letter sunmarizing this
di scussion.” So Rudy wote ne the letter and we theoretically
stopped the project. | went back to ny office. Three nonths
later I was out there again and there was this damm project going
along at full steam and getting nowhere at the sane rate. So |
said, "Rudy, we agreed to stop that one.” He said, "No we
didn't. You approved it last tine." So | had ny files with ne
and whi pped this letter out and showed it to him He | ooked at
it and was absolutely stunned and said, "I never wote it." It
just shows you how you get fixed on these things.
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FERGUSON: | can renenber that Rudy got extrenely frustrated one
ti me about Chestnut Run never making up their m nd about testing
a product candidate. Does that ring a bell with you?

SCHROEDER: It was often difficult to get themto accept a new
product. The real reason is in their psychol ogy. They test
products that we market and deci de whether they are good enough.
They al so | ook at external products and try to conpare themwth
ours. Their general approach to things is to try to show that
conpetitive products aren't adequate. That's just the way
they're geared -- to try to make the plant nmake better stuff, or
try to show the outside conpetitor is not as good as the old
honenmade stuff. Wen you send them sonething fromthe

| aboratory, the way they go at it is, "What's wong with it?"
When they're faced with a situation where the product is
different but better, it presents themw th an agoni zi ng deci sion
so they can't make up their m nds.

FERGUSON:  You have a patent on a cordless vehicle tire (41).
Did this patent ever go anywhere?

SCHROEDER: No. Actually, there were two of them (42). One on
Hytrel and one on urethanes, each with a Nordel tread. In each
case, those were defensive patents to protect ourselves. W were
engaged in a couple of secrecy agreenents with other conpanies,
where they were pursuing technol ogi es using our products. These
were thrown into the pot as ways of being sure that specific
coverage woul d be devoted to the use of our products as we wanted
themto be used in tires. The conpany with whom we were engaged
in the secrecy agreenent would have had free access to these
patents in any case. It was just defensive.

FERGUSON. Wbuld you |like to tal k about your consulting career?

SCHROEDER: 1'd like to talk about the research organi zation and
t he phil osophy of running research a bit. W can do that after
or later.

FERGUSON: Let's do it now.

SCHROEDER: As | anbl ed through the Chemi cal, now called Centra
Research, Departnent, | saw the way research was run, sone of
which | didn't like. It was too enpirical and too imtative of
hot stuff that was going on outside. Then | saw the way | was
handl ed in Jackson Laboratory, and what worked and what didn't
work. When | got to Jackson Laboratory | was |eft alone. They
just told ne to do what | want, pretty nuch, as long as | took
care of the project. That was very good. What | devel oped was a
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strong conviction that to run a research organi zati on the | ooser
you can |l eave the reins, the better. O course you have to
control things to be sure that the train goes in the direction
that you want it to go. It depends upon the character of all the
i ndi vidual s who are doing the work. You just forget about the
really abl e ones, you direct the ones who need direction, and you
get rid of the ones who need too damm nuch direction. You have
to because you don't have the time to spend with them

As a result of this, when we set up our new departnent, the
El astomer Chemi cals Departnent, we tried to set things up so
there was a m ni mum nunber of |ayers between the chem st doi ng
the work and us in WImngton, so that we had a chance to listen
directly to what the research man t hought he was going to
acconplish. | had been in a world where ny bosses were al ways
maki ng the prom ses about what | was going to acconplish. This
often had no connection with reality. They didn't understand the
science or they didn't really understand what you coul d
acconplish in a given tine.

We set up an organi zation where the chem sts were witing
down what they could acconplish and the division heads coul d say
what ever they wanted to say separately. But, we had on paper
what the chem st thought he could do. This, of course, caused
the supervisors to gnash their teeth, because they |ost sone kind
of control that they wanted, but it gave us a nuch better fee
for what we were going to acconplish. It stinulated the
scientists because they had a hell of a |lot nore persona
responsibility for what they were doing. On top of that, we
really encouraged themto spend a significant anmount of their
time in freewheeling, trying to find newthings to do, and really
getting to think.

W al so set up the maxi num nunber of contacts, reviews and
the like with the scientists that we could tolerate, so that they
again had the chance to tal k about what they were doing, and we
could talk to themdirectly. W did all we could to stinulate
themto acconplishnment by getting themto publish and trying to
get themto patent things. This is why | set up those speci al

| unches for the nen who published each year. | had a simlar
thing for patents. Since patents were really what we were
supposed to get, | set up a fancy dinner for those who got

patents each year and got the top managenent people in and said,
"Look, these are our heroes. These are the fellows who got us
the patents.” | used to tell them about the people who did the
publishing. The result of all this is a nuch greater feeling of
esprit de corps, interaction between the scientists and the
managenent and feelings of great participation. So we had
hel l'i shly good noral e conpared to nost of the other research

di vi si ons.

The other effect of this is that we were extraordinarily
productive. By any count that the people in the patent-I egal
part of the conpany kept, we were knocki ng out patents per man at
a rate of three to four tinmes that of nost of the other research
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divisions. I'mviolently against the kind of regi nented society
that is presently in place at Du Pont, (except possibly in
Central Research), where all of your goals are so carefully set
that each fellow has no time [for his own initiatives].

FERGUSON: Even there there's an el ement of research-by-
objective. It's interesting that you sense that in the same way
that | saw it developing in the 1970s and 1980s. The Plastics
Departnent seened to be the role nodel for the conpany, rather
than the Elastoners. | think that was begi nning to happen

per haps even before you retired. In ny view, they weren't
contributing as nuch in the way of new i nnovati ons.

SCHROEDER: No, they weren't at all

FERGUSON: | think a | ot of what happened at the Du Pont Plastics
Department may have been conpetitive pressures. It was a
comodi ties type of environnent.

SCHROEDER:  Actually, it's quite conplex. It's partly in the
character of their managenment and partly it comes from historical
devel opnment. A conflict grew up in Plastics after John Beekl ey
retired as Research Director and Frank McG ew becanme Research
Director. MGew was a very capabl e nan but he was very
arrogant. He did what he damm well pleased, and he conpletely
ignored his nmanagenent. He made all kinds of promi ses that his
organi zation couldn't cone through with. He overblew his
acconpl i shnments and he overspent his budget prodigiously. So it
was a case of excess. He got into a bit of a to-do with Roy
Schuyl er when Roy was head of one of the businesses. He got to
treating Roy like a pile of dirt. Al of a sudden, one norning,
Roy was his boss. Wthin a week MG ew was on his way to Geneva.
They trunped up a job for him

This built up a kind of spirit in that department to kick
the hell out of the Research Division. |1'msorry to tell you al
of this but it gives you a feel for the atnosphere.

FERGUSON: No. | always knew there were office politics and
personality conflicts. How about some of the research | eaders of
ot her departnments? D d you know Hale Charch well?

SCHROEDER: | knew Hale pretty well. He was a very able fell ow
Hale is going to be covered in good detail in that book that
Hounshel |l is putting out (6). It's silly to waste time on it

because he's nore than covered in there.

What you have with the research directors is the sanme sort
of thing that you get with any group of people. If you get
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enough, there are good ones and poor ones, and you get sone
senbl ance of a distribution.

FERGUSON: Do you want to tal k about sone of your Du Pont
col | eagues?

[ END OF TAPE, SIDE 7]

FERGUSON: | have sone people that | happen to know that | wanted
to ask you about, but it should really be your choice of who is
I mportant.

SCHROEDER: Go ahead. It's all right.

FERGUSON: [ Nick] Carter

SCHROEDER: Carter was a cl ose personal friend of mne. He was
very good, solid, well-organized, not an imaginative kind of
fellow, but very capable, and had very good judgnent.

FERGUSON: Wasn't he was in the Neoprene devel opnment progranf

SCHROEDER: Yes. N ck was a fine chem st. He was responsible
for the devel opnent of the synthesis of nonovinyl acetyl ene which
Father [Julius A'] N euw and had never had. 1In a sense, Dr.
Arnold Col lins snatched Neoprene right out fromunder Carter's
nose. N ck was fiddling around with the chem stry of nonovi nyl
acetylene. It may have been Elmer Bolton's responsibility,
telling Carothers and Collins to go after it. But Nick was a
good chem st, extremely well-organi zed, very effective and i nbued
with the sane general philosophy that | tried to expound, getting
a maxi num done by the individual chem st, hopefully with the

m ni mum di recti on

FERGUSON: Harold El Il ey.

SCHROEDER: El |l ey was our research director when I worked in

O chem from 1945 to 1956 when he retired, and he had been
director for awhile before that. He was very highly respected by
his col | eagues and very popular with his people. Harold was a
gentle soul. | don't know if he was a good chem st or not. |
did believe that he was a bit too subservient to his nanagenent.

I never had any feeling for Harold fromthe technical sense. His
practical sense was pretty good. He was unusually able to |isten
to his people and then to cone up with a rather excellent,
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bal anced j udgnent .

Very typical of Harold is sonmething he did in connection
with the Teflon devel opnment. Teflon had been di scovered by Roy
Pl unkett and the people at Jackson Laboratory set out to try to
get control of the polymerization that had occurred spont aneously
for Plunkett. They had no experience with that kind of
pol yneri zati on or anything other than a polychl oroprene or
anal ogous pol ynerizati on, and no conception of how sensitive the
pol yneri zation of a fluoroolefin was to chain term nators and al
ki nds of other things.

But in any case, despite much work they never got anywhere.
Harol d took a | ook at that situation after about a year and a
hal f, and he saw what was going on. On his own, he decided he
was going to ask Central Research to take on the project. He
went over to Elner Bolton and told himthat he wanted himto see
what he could make of it. H's judgnment said, "The hell with ny
pride, let's do this right."

FERGUSON: That's not really the territorial inperative that you
see so often

SCHROEDER: No. Harold's a good man.

FERGUSON:.  Geor ge Hol brook.

SCHROEDER:  George was a very unusual man -- and highly

i ndi vidualistic. George was bright and vigorous. He had a Ph.D
in chem cal engineering and was technically quite able, but
George was a man of different ideas. George was one who woul d
see in a situation things that other people didn't see. He was a
hi ghly original character, very good in handling people, a star
sort of character. | think he was a bit frustrated when he got
up on the Executive Comrttee because George was a nonconformn st
and he was surrounded by a pack of conform sts.

FERGUSON:. Maybe you heard Hol brook's comment to Rudy Pari ser.
Hol br ook said that he had expected that as he rose in the
conpany, he would find that people were smarter, and that proved
not to be true.

SCHROEDER: No. You've got the sane distribution all the way up.
That's what | was trying to inply when | said that about the
research directors. It applies to people on the comrttee, vice
presi dents, etc.

FERGUSON: There were sonme real personalities at Jackson
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Laboratory and 1'd Iike to know if you have a comment on them
They may not be significant people. Wat about Fritj of
Zwi | gneyer ?

SCHROEDER:  Fritjof was extraordinary and | don't think it's
appropriate to comment. Fritjof was a seething mass of ideas.
He didn't have an idea of what was good or bad, but a seething
mass of ideas, and a hell of a lot of fun to work wth.

FERGUSON: Was Vic [Viktor] Weinmayr in the same category?

SCHROEDER: Nowhere near as many ideas but there were a | ot, and
a very capable man. Vic had ninble fingers. He could nake
t hi ngs happen and acconplished a great deal.

FERGUSON: Do you have any other coll eagues that you would |ike
to nmention?

SCHRCEDER: "Il come back to that. Let ne think that over. You
want to tal k about consultants. W talked a little about Fi eser,
didn't we?

FERGUSON: Yes. W also discussed John D. Roberts but we didn't
get that on tape.

SCHROEDER: | had hired Roberts for us because | was unable to
get Paul Bartlett because Paul had a conmtnent with PPG that he
t hought was a manner of honor. He suggested Roberts so | went up
to MT, talked with Roberts and got himto visit us. Roberts was
a very interesting consultant and an extrenely good nman, very
bright. He was good for the nanagenent because they were nore
used to taking the kind of character that Jack was, which was
sort of abrasive. He was very difficult with the scientists,
because he had a bit of a tendency to try to put people down.

Unl ess you were a vigorous infighter, you didn't |ike Jack. |

i ke Jack very much, but you had to be hardened and cal | oused and
tough to handl e that guy.

FERGUSON: The first time | encountered him | think if Bill
Rem ngton hadn't been in the room I|'d have been stonped on and
sent down the drain because he was very bl unt.

SCHROEDER: He's ferocious.

FERGUSON: How about WMel vin Cal vi n?
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SCHROEDER:  Ch, Cal vin was magnificent. Calvin was one of ny
very favorite consultants. | loved him and the people |oved
him Calvin had the ability to stinulate people, to talk with

t hem about their problens, to evoke fromthemthe ideas they had,
and to get themto think. |In nost cases, they would solve their
own problens. He greeted what he got fromthemw th enthusiasm
even if it was junk. Then he would gently straighten it out. So
he was extrenely popular. W could have used four tines as much
time as Calvin would ever give us. The only reason the

consul tantship was term nated was because Monsanto put himon
their board of directors and he had to w thdraw.

FERGUSON: | see. | understood that he had got terribly busy.

SCHRCEDER:  Yes. It was a direct conflict.

FERGUSON:. Did you have anything to do with hiring "Buck"
[ Lockhart B.] Rogers?

SCHROEDER: No. [David N.] Hunme and Rogers were both fromMT,
and | had nothing to do with hiring them They were both
interesting consultants. Rogers was by far the better. [|'m not
sure that he was better scientifically, but in the inter-
relationship with people in the Analytical Division and

el sewhere, Rogers was ten tinmes as good as Hune.

FERGUSON. | agree with that entirely. He was inspiring and
extrenmely conpetent.

SCHROEDER: It got to the point where Rogers and Hune got split.
We unfortunately rolled a seven and got Hume, which in due
course, we had to term nate.

FERGUSON: | think we nentioned WIlfried Heller earlier.

SCHRCEDER: Carter hired Heller.

FERGUSON:  You m ght say sonething about him He's not as well -
known scientifically.

SCHROEDER:  You nmight say that Heller was limted in scope but
really good at sonmethings. Heller was a fine consultant for
specific problens that dealt wth pol ynerization, the behavior of
di spersions, the physical chem stry of polynerization. As far as
| know t hose people who needed himliked himvery nuch.
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FERGUSON: | think Fred [Frederick T.] Wall was one of the nost
I npressive consultants that | had.

SCHROEDER: | used Fred a little bit when | was in Centra
Research. Not much, but | liked Fred. O the consultants they
had at Central Research, one | used was Roger Adans. Roger used
to come and see nme because | was one of the few who was
practicing the sort of organic chem stry that Roger |liked. So he
woul d al ways cone around whether | asked for himor not. W

al ways enjoyed it. | always liked him Roger was nagnificent.
You don't need any nore on him Carl S. Marvel was very good.
didn't use Marvel nuch, not because | didn't like him | just
didn't have occasion to. | did use Fred Wall and |i ked Jack [J.
R ] Johnson. | used Emet Reid. That was mainly because Reed
needed sonebody to use him and | was playing for awhile with
sone sul fur chem stry about which Reid knew a fair amount. That
was to hel p the managenent take care of Reid. Wo else did
have?

FERGUSON: "Buzz" [Ral ph N.] Adans from Kansas.

SCHROEDER: | don't know hi m but he was quite good by repute.

FERGUSON. He was the only consultant | ever had that woul d go
back to his lab or go to the library, |ook up sonething, and
wite you a little letter on what you had consul ted on. He was
usual I'y hel pful .

SCHROEDER: | never used himbut the reports we got from our
peopl e were that he was very fine. The one | used several tines
nyself when | was in Central Research was Richard Lord fromMT.
He was very good, enthusiastic, and a ot of fun. | didn't have
all that nmuch to do with infrared, but every once in awhile there
was a problemand I would get a hold of him He was good.

FERGUSON: | used him and enjoyed working wwth him He got to be
a personal friend.

SCHROEDER: | used Paul Flory a little but not nuch. | al so used
Herman Mark a little. These people are well-known so you don't
need any i nformation on them

FERGUSON: Let's go on to your subsequent career in consulting.
How di d you get hooked up with the Metropolitan Museum of Art?

SCHROEDER:  That was Harold Kwart, a professor of chem stry at
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the University of Delaware, who did that for nme. The
Metropolitan was trying to hire a chem st to run their
conservation work. Harold came to see ne one day when | was
working with Du Pont, and asked me if | could advise them |
said, "But Harold, why would a chem st want to work for the
Metropolitan Museun? They can't offer a good chem st any kind of

future." | explained this to Harold and he said, "They never
t hought of it that way and neither did I. But would you m nd
talking to them about that?" | said, "No. I1'mgoing to retire
ina fewnonths. Wen I'mretired, 1'lIl go up there with you and
we'll talk to them"

About two days after | retired, I was up at the Metropolitan

talking wth the people at the Muiseum and expl aining to them why
only a dunderhead of a chem st would work for them They took ne
around, showed ne the place and then they |eft and cane back and
said, "Wwuld you like to do it?" | said, "I don't want to work
at being a chemist. |I'mnot really capable of being a chem st
anynore. |'ma dinosaur, having been out of the lab for so
long." Then they offered me a job of trying to set up an

organi zation for themand hiring sonme people. | said, "Wll, |
really don't want to work full-time, but I would be willing to
consult.” So | nade a deal with themto spend on the average two
days a week per year. | had it renewable after a year, because

t hi nk when you hire a consultant, it shouldn't be renewed except
by mutual consent. |[|'ve had sone experience in trying to get rid
of ones that didn't work. | was convinced that both sides ought
to have an escape clause so that it wouldn't be enbarrassing.

| set out to work to set up a scientific organization for
the Metropolitan. As | took a | ook at what was going on in the
outside world of art with scientific people and visited sone
uni versities such as the New York University School of Fine Arts,
the State University of New York at Cooperstown, and sone
organi zations in Europe. | got a pretty good feel as to what
they needed. But then as | talked to the Metropolitan | found
that they really didn't want to support the kind of thing that
they said they wanted to support despite the fact that ny
proposal was very nodest. Really, all they wanted to do was say
they had ne and use nme for show So | hired thema sort of a
peon, a nice young chem st who was very interested in art. As
soon as | could, | quit. But in the course of that interesting
year's work, | got into some work with the Sm thsonian and with
Wnterthur on scientific advisory commttees. Those places were
much nore responsive and nmuch nore objective and sensi bl e about
the use of science for art conservation and restoration purposes.

FERGUSON: | had sone really enjoyable interactions with Vic
[Victor F.] Hanson at Wnterthur.

SCHROEDER: Ch, yes. He was |ovely.
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FERGUSON: He was doing interesting things and had ent husi asm
used to take visiting European scientists around.

SCHROEDER: He really enjoyed playing with his x-ray fluorescence
of elenments to see what was in the various artifacts that the
Wnterthur possessed. He was a very good nan.

FERGUSON: Yes, he was. Did he ever tell you the story about the
| ead chromate in the U S. currency?

SCHROEDER:  Yes. That was fascinating.

FERGUSON: | guess that never got in print.

SCHROEDER: No. I don't think so.

FERGUSON: He couldn't get any of the papers to pick it up. |
don't know whet her he backed off fromwiting it up or not.

SCHROEDER: He had witten it, but | don't know whet her he
published it. He sent me a copy of what he put together. ['l]I

| ook around and see if | have it. |If | do, I'Il give it to you
FERGUSON: | was on a train with him going dowm to a nmeeting in
Washi ngton and he told ne that whole story. | thought it was

hi | ari ous.

SCHROEDER: | also got into sone outside consulting first; for Du
Pont, then for others. This came at nme kind of like rain. 1've

done sonme for a couple of conpanies on patent cases or suits.
|'ve al so done sone general advising on business situations and
on polynmer chem stry. This was for the Departnment of Commerce
and for conpanies |ike Borg-Warner, Allis-Chalnmers, Chicago
Rawhi de [CR I ndustries] and Exxon. |'ve found that many ot her
conpani es just wanted to use nme as a way to get at Du Pont
technol ogy, so | couldn't touch them Exxon was extraordinarily
clean. They wanted ne for a special situation. Basically, they
wanted information to tell them whether they should go into a
particul ar business, |ike buying a conpany. They could not have
been nore ethical in this.

FERGUSON: Do you think that the conpanies you dealt with were in
general ethical?
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SCHROEDER: Yes. The ones | dealt with were all fine. |
filtered them You can sort of tell when they go at you, whether
they' re after boudoir-type information or whether it's clean
information that they want.

FERGUSON: How did you get involved with the school board in
Chester County, Pennsylvani a?

SCHROEDER: | nmde a terrible mstake. | went to a PTA neeting
and it was a terrible ness. As they were going along, | nade a
very critical comment. They thanked nme very nuch and after the
school board neeting was over, they cane over to ne and said, "W
have made you a nenber of our executive commttee.” | did that
for about a nonth and then said, "I have to get out of this."

And they said, "We want to run you for the school board.” This
was in Chester County. "There's a character we have to get off
of the school board because he won't |et us make any progress.”
This was interesting because it was Chris Sanderson, who was a

| ocal hero for his attenpt to preserve the culture of fifty years
ago. He ran square dances and had a |local nmuseum He was the

| ocal character, but his idea of education was as it was given in
1880.

Anyway, there were enough people in that district by then
who were not farmers and | ocal Chester county people so that
after a very heated canpaign in which | did nothing, | got
el ect ed.

FERGUSON. How did you find the time with your four children and
all your other activities?

SCHROEDER: Ch, it wasn't too bad. It was an evening thing.

It's interesting. | was on the school board for six years and
then didn't want to run again. | learned by then that the system
had so much inertia, that there wasn't nuch point in fiddling
with it. | also |learned that there was no way you coul d get

those schools inproved to the point where they were good enough
for ny famly. So | took my four kids out of the school system
and sent themto Tower Hill School. That was a val uabl e thing.
Whet her you think it's proper to send kids to public school or
not, you do get concerned about your own kids. You want themto
get a decent education. You have it pretty good in the district
where you are in Del aware

FERGUSON:  Yes, but we took our daughter and finally put her into
Tower Hill. E. Bright WIlson went through the sane thing with
his kids. It's interesting, because it's a philosophically
difficult thing to do, but he just couldn't tolerate the
Canbridge city school s.
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SCHROEDER:  That's what happened apparently with ny parents and
me. That's how | got into that private school. You just

concl ude that your kid won't get what you want himto get. Even
if you want himin a public school, you won't get it.

FERGUSON:. Are there any of your professional society activities
that you want to talk about? | know that you' re a nmenber of
several societies, but I don't know if you were ever really
active as an officer

SCHROEDER: | was an alternative councilor with the |ocal section
of the Delaware ACS. | didn't do nuch other than what was
required. | really wasn't too interested and didn't have tine to
spend on that kind of activity. | did get fairly active in the
Institute of Synthetic Rubber Producers. | ran their research
committee for about eight years. | basically tried to get them
organi zed. That was worthwhile fromthe tine standpoint because
we were supporting academ c research, trying to get a coherent
approach to certain technical problens that were conmon

t hroughout the industry, neasuring standards, reporting
standards, and that sort of thing.

| also worked quite actively in the Industrial Research
Institute [IRI] which was an associ ation of industrial research

directors. | worked on their award commttee, setting up an
award which still persists for technical excellence rather than
managenent excellence. | was on their academc |iaison group for

quite sone tinme and ran a couple of neetings for them That was
wort hwhi l e because it got me to neet research directors of other
conpanies in which | was interested. You get to know these
peopl e much better if you work on committees with them This is
true of the Institute of Synthetic Rubber and also of the

I ndustrial Research Institute. You get to know them as friends
and the way they think, whereas if you just see themin neetings,
they are just people.

FERGUSON: I n general, do you find that these other research
directors in conpani es have significantly different research
phi | osophi es?

SCHROEDER: Ch, yes. Sone of themare startlingly different.
There was a small group of people who were really interested in
research, people like [Norman] Bruce Hannay of Bell Labs and Art
[Arthur M] Beuche of GE. That varied. You know the conpani es.
Those people really understood research and tried to do a good
job. In many other cases, it was primarily devel opnent, the
technical side of commercial greed. They were really caught in
their businesses. They were slaves to their businesses. You
could count on ten fingers the ones in the IR that were really
interested in research. 1In the Institute of Synthetic Rubber
Producers, there were maybe three, including Du Pont. One was
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Bayer .

FERGUSON:  You' ve spent a lot of tine for the Harvard C ub and
University. You were on the Visiting Commttee at Harvard?

SCHROEDER:  Yes, for three terns. Actually, before that, when I
worked in Orchem as Assistant Director, we had a vigorous
recruiting policy. W were trying to be as independent from
Central Personnel as possible. The way we did it was to send

em ssaries out to universities to get acquainted with them not
to hire. | used to go out and give tal ks about our research. MW
school s were Harvard, Yale, MT, Cornell, Princeton, Col unbia,

W sconsin and, when Carter retired, Stanford, Wshington,

Ber kel ey, Caltech, and UCLA. They were good schools. The real
purpose is to |l et these schools know the character of your

research by describing prograns and results. It's up to themto
judge whether it's good or bad. O course, you try to get to
know t he peopl e, the professors and deans. |If they know the

character of your research and they know you, then you could talk
to them about a man who happened to work with them when you are
revi ewi ng papers about candidates. |f you have a referral

descri bing Joe Doe, you want to know what Joe is really like. It
hel ps in hiring a good staff. Also, it avoids msfits so that
you don't have any unpl easant experiences.

FERGUSON: Does the Visiting Conmttee have an inpact on faculty
sel ections and so on in the chemstry departnent at Harvard?

SCHROEDER:  Not nuch.

[ END OF TAPE, SIDE 8]

SCHROEDER: W' d neet once a year. It was a group of both
academ ¢ and industrial people who were regarded as suitable for
t he purpose by Harvard. They would give us sone statistics on
the departnment and tal k about the character of their work and we
woul d react. We were supposed to say everything was fine and
hunky-dory, but they're pretty smart up there, as you well know.
They didn't take adverse comments too kindly. | remenber | got
on one thenme in which I think | did have a little effect. At the
time | was active on the conmttee, Harvard had what was very
probably the New York Yankees of chem stry faculties. They were
a superb group. It was very hard to find anything anywhere near
conparable. | knew all these fellows well. | knew how old they
were, and | kept telling them "Now | ook, you have to do yourself
sonme real recruiting." A couple of ny colleagues |ike Bil
Schlichter at Bell Labs were on that group and they said the sane
thing. It was very hard to get these professors to realize that
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they were nortal and would be retiring.
FERGUSON: They al nost seem inmortal.

SCHROEDER: They were so damn good and so intolerant of some very
fine people that went through there and got thrown out. They
made a nunber of distinguished m stakes. Now of course, the
world is difficult, because people just don't automatically junp
when sonebody says, "Go to Harvard." There are too many ot her
choi ces and too many ot her good environnents.

FERGUSON: | think plant safety and disasters is certainly a
growi ng concern. | know you at | east knew about it and were
i nvol ved in sonme significant events at Du Pont.

SCHROEDER: | found the basic Du Pont attitude toward safety
al ways excellent. The one we had inculcated into us at the

| aboratory, particularly at Jackson Lab (which was nore dangerous
than Central Research because of the kinds of materials they
fiddled with) was that you do not take calculated risks. You
don't take risks. You fix the situation so that they are no
safety risks. The other attitude that | found, that was
singularly good, was that safety was a |ine organizati onal
responsibility and that the individual |aboratory and pl ant
manager were responsible. 1In details such as the way the

| aboratory is, the way the plant is, whether things are clean,
the general spirit was pretty good. However, individual
performance varied very greatly fromplant to plant. The
situation that | thought was nost interesting was the one that
occurred in the 1960s at Louisville, Kentucky. Do you want to
tal k about that?

FERGUSON: [|'d like to.

SCHROEDER:  Thi s brought out a point with regard to safety that
we had in what you m ght call our safety equation, but the
constant next to it wasn't great enough. What it anounts to is
not the safety of individual operations, |ike how you brush your
teeth, but process safety on the whole which is inportant. W
didn't factor in properly sonme of the el enents of process safety.
The 1965 incident at Louisville, in which I think fourteen people
were killed, points this out. Qur process for making chl oroprene
originally was known to be dangerous and we took steps to handl e
this. W knew that acetylene was explosive. So in the old
process, we dinerized acetylene to nonovinyl acetylene (MWA),
separated the nonovi nyl acetyl ene from acetyl ene and di vi nyl
acetyl ene behind barricade of stone walls. It was a fort. The
Chanbers Wirks was built that way and the Louisville plant was
built that way. The conpression of acetyl ene was done in very
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smal | stages in Nash punps which are basically water punps, where
acetylene is pretty safe.

In the 1950s, with the need to make nore and nore Neoprene,
t he business was exploding. It was growing |ike the dickens. W
got interested in nore econom cal processes, and nade the first
step which you m ght call over the edge of the cliff. W
swi tched fromthese reciprocal Nash punps, which were safe, to
bl owers or rotary punps. Roots centrifugal blowers. This took
the pressure up substantially. As ny friend Carter said when
this particul ar process was devel oped on the plant, "There's
going to be trouble.” Carter was very consci ous of process
safety, having grown up with all the little explosions that they
had with acetyl ene handl i ng.

FERGUSON: They di d have expl osions at Chanbers Wrks?

SCHROEDER: Ch, yes. They had lots of little explosions. After
t he begi nning they knew what to do about them and they treated
them safely. We went to these Root blowers and that process was
put in at Mntague, M chigan, when they opened up the new

Mont ague Works. It was then put in at Maydown over in Ireland
and al so put in over in Japan, when we opened up the Japanese

pl ant .

Qut of all of this, we had devel oped a core of know edge
that said that we had to be very, very careful handling acetyl ene
and nonovi nyl acetyl ene, but once we had them and ran the
nonovi nyl acetylene into the plant to make chl oroprene, we were
pretty safe. So these extrenme provisions canme up only to the
poi nt where you shot nonovi nyl acetylene into a chl oroprene
pl ant .

We t hought from our studies of explosivity, which had been
pretty careful, that acetyl ene was the dangerous actor. Gaseous
nonovi nyl acetyl ene could be exploded with an expl osive squi b but
t he pipes were designed to contain that energy which was small.
Qur experinents showed that it would not be possible to set
l'i qui d nmonovi nyl acetylene off under the conditions in our plant
even if the gas exploded. You couldn't devel op enough energy.

We t hought there was no situation where there woul d be enough
energy in gas to set off the liquid nonovinyl acetylene. Though
expl osive in the vapor phase, there was not enough wei ght of gas
to damage the equipnment. W were quite unsuccessful in setting
of f expl osi ons of nonovinyl acetylene in the |iquid phase except
Wi th excessive expl osive charges. Thus we thought once we had
nmonovi nyl acetylene as liquid we were safe and we knew

chl oroprene was pretty safe. These are dangerous chem cal s but
from experience we knew how to handle them W knew them So we
thought it was |ike handling HO or |iquid anmoni a.

During the startup and operation of the plants in Mntague
and Maydown, we had two expl osions which killed people. W
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t hought those were traced back to acetyl ene expl osions. W took
some provisions to correct what we thought was the trouble but it
turned out that we didn't understand those expl osions. Meanwhile
t he Neoprene busi ness kept grow ng and the Plants Techni cal group
devel oped a process that replaced the Root bl owers which operated
at 50 to 100 pounds. This was done to inprove productivity and
the rate of reaction in the chloroprene process where the
nonovi nyl acetyl ene was brought into contact w th hydrogen
chloride in the presence of a catalyst. They suggested we sw tch
fromthe Root blowers to Swedi sh rotary screw conpressors which
rotate at 300 rpm up an order of magnitude fromthe 100 psi rate
of the Roots bl owers.

My friend Carter didn't |like that process but we couldn't do
anything since the Plants Technical Section was in the
manuf acturing division. Then in 1958 or 1959, we got
responsibility for the Plants Technical Section. Brel [Charles
B.] McCoy straightened out that situation. George Hol brook had
li ked the Plants Technical Section separate fromthe Research
Division. He liked to stir things up. Brel MCoy |iked order
and he didn't |ike waste. So we got the Plants Technical Section
and with it the job of conpleting the new process. By then that
process had gai ned so much nonentum because it | ooked so good
and was so econonical and woul d save us so nuch noney, that we
finished off the work. W actually thought after going through a
very exceptionally careful review of the hazard, instigated by ny
friend Carter, who was singularly conscious of this, that the
process was okay. |'m now tal king about the process of taking
nonovi nyl acetyl ene and maki ng chl oroprene. W had conpleted ran
appropriate explosion test with squibs. W analyzed the
equi prent for strain.

Everything | ooked all right and we put in a plant with
Al'lis-Chal mer's Anerican version of the Swedi sh screw conpressor.
The single chloroprene line that we put in with the big screw
conpressor ran very well and was capabl e of making sonething |ike
a 180 mllion pounds of chloroprene. It was a dream It worked
li ke a charm W got higher yields. W could run at | ower
conversions and get |ess dichlorobutene. W had very high
process efficiency. It was beautiful. Al of our problens with
maki ng chl or oprene seened to have di sappeared.

One day, there was a little signal down at the plant of some
trouble with the conpressor. It seened to be not running quite
so fast and | aboring a bit. The plant managenent and
Manuf acturing Division chose to keep worki ng, because they
t hought that they could straighten that out on the run. | don't
know t he exact details here.

FERGUSON: Did they have the conpressor instrumented for
nmoni t ori ng?

SCHROEDER: Ch, yes. This was a very sophisticated conpressor
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We had indications of speed, tenperature, power consunption, etc.
what ever was needed.

FERGUSON: It was nmonitored froma central control roonf

SCHROEDER: Yes. | don't renenber the detail but there were sone
signs of a little trouble and they sent out sone people to | ook
at the plant. It wasn't red lights flashing or anything |ike
that. It wasn't a stop situation, just synptons. Then it blew
and it really blew It just blew up that whole plant. It blew
out the lines. The explosion propagated throughout the whol e

pl ant that manufactured MVA. |t went backwards and killed twelve
people initially and then | think two nore died. It was so bad
that one fellow, whom | knew quite well, they didn't find for a
day. Finally they got himand when they found him he had been
bl omn so that he was w apped around a pipe, just l|ike |agging,
about two inches thick. It was terrible!

| got the job of running the group to find out what had

real ly happened. | used Art [Arthur F.] Myers, who is a very
sharp engi neer, full of good questions, to run the inquest group
down at Louisville. | got Bob Schultz, who was a good engi neer

up at Montague, into WI m ngton, and appointed himas a
supervi sor of process safety. This was the first one that the
conpany had. The job that we gave Schultz was to ensure the
safety of our processes, starting with this one, so that this
ki nd of thing wouldn't happen again. The job we gave to Mers
was to find out what the hell had really happened. W also
started some new explosivity tests.

To make a long story short, we found out that nonovi nyl
acetyl ene polynmer had built up in the very conplex seals in the
screw conpressor. The seal has all kinds of convol utions and
little passages. |It's extrenely conpl ex and sophi sticat ed.

Pol ymer had built up in the seals and pushed the seal s agai nst
the face of the rotor. This is why the conpressor was | aboring a
bit. The velocity had gone down. Running around at 3000 rpm

sl owi ng down to about 2000, the conpressor rotor, working agai nst
the seal face, built up a hell of a lot of heat. That heat was
the ignition source. That's the first thing we had to find --
the ignition source.

The expl osi on had then propagated in the vapor phase of WA
through the lines. That in itself would have done no serious
damage. It would have bl own a gasket or safety disc here or
there. Al of the lines were built to withstand a vapor MWA
expl osion. The explosion w thout doing any particul ar damage,
bl ew a seal here and there, but propagated through the vapor in
the big condenser. The big condenser really was a large stil
with a top hat. You run the synthesis of chloroprene at
rel atively nodest conversion to avoid adding two noles of HC to
one of nonovinyl acetylene and thus synthesizing things you don't
want. In the big still, you separate chloroprene from unreacted
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nmonovi nyl acetyl ene, which then goes back into the conpressor.

In the top hat of the big still, which is about ten feet
across, was a seething m xture of nonovinyl acetyl ene vapor and
nmonovi nyl acetylene liquid droplets. In such a situation, we

| ater | earned, that although nonovinyl acetyl ene vapor does not

| i berate enough energy to set off nonovinyl acetylene |iquid when
the liquid is at the bottomand the vapor is at the top, in the
situati on where the nonovinyl acetylene liquid is dispersed as a
mst in the vapor, it can be set off. W simulated this later
When it's set off the nmonovinyl acetylene liquid has in it about
six-tenths of the energy of TNT. So, we just blew the ass out of
that still. That gave us a new expl osi on whi ch propagated down
the liquid |lines and bl ew out everything. That's what killed al

t he peopl e.

The accuracy of our experinments attenpting to set off liquid
nonovi nyl acetylene fromthe vapor was vindicated by the fact
that the expl osion propagated right down the gas line to the big
storage tank where we stored liquid nonovinyl acetylene. W
stored it below & C, maybe -10°C, but it was cold. The expl osion
propagated down to the tank, blew the vapor in the big tank, but
did not set off the liquid. That was a hell of an experinent,
because there was about 50,000 gallons of nonovinyl acetylene in
that tank. It would have really done sonething to that end of
Louisville if that baby had gone off. W know the expl osion got
that far because the tank di mensions had changed very slightly.
Thus you could see the results of the expl osion.

While this was going on, we figured we had to dilute the
streamso that this sort of thing would happen again. | made the
suggestion that proved to take care of it. It was to dilute the
MVA with butane. The idea was to have in there a harmnl ess
nol ecul e that woul d dilute the nonovinyl acetylene so that it
woul d be nuch harder to set off. Gbviously, in a conplex
process, you want sonething that has physical constants as cl ose
to nonovi nyl acetylene as possible, so that it would go around
the plant with the nonovinyl acetylene, in effect as a tracer.
It's not at all profound. | just suggested that we use butane
because it has practically the sane boiling point.

We ran sone experinents with butane and found that with
about 20-25 nol % of butane you could not set off the vapor
except with extrene energy, and it was inpossible to set off the
liquid. So as quickly as possible in our other plants in Japan
and Ireland we put butane in, and never had any trouble. W
really went over those plants with a fine-tooth conb | ooking for
any spots where there m ght be a chance of having pure nonovi nyl
acetyl ene and vapor plus mst. So, we nade the process safe.

But of course, having had that experience, even with the process
sanitized with the butane, we redoubled our efforts on the

but adi ene route, which was then a bit nore expensive due to the
| ow cost of acetylene, and got our |ovely new butadi ene process.
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FERGUSON. Was the butadi ene process econom cal | y advant ageous?

SCHROEDER:  Very! We had a nonograph that basically related the
cost of chloroprene from butadi ene or from acetyl ene, based on
the relative costs of acetylene and butadi ene. W knew the
crossover point, and at that time we had a contract with National
Car bi de, where we had a price on acetyl ene of about eight cents,
wher eas but adi ene at that time was about seven or eight cents,

and at the sane price, the acetylene was better. It turned out
that National Carbide wasn't really able to maintain that price.
They had to increase it, and they did. It was sort of a force

maj eure situation. The price of acetylene went up, and by the
time we had the process worked out, it was sound to go to
but adi ene. Al so, our new but adi ene-to-chl oroprene synthesis used
a new phase-transfer catalyst for the dehydrochlorination. That

i ncreased the yield by about ten percent over the old direct use
of caustic. So we came out |ike gangbusters. |Is that enough?

FERGUSON: Yes. Wuld you like to talk about MOCA? You wote a
paper on that (43).

SCHROEDER: Sure. That was interesting. W nmanufactured

pol yet her urethanes which were cured with an am ne, nethyl ene

bi s-ortho-chloroaniline. That's where MOCA cones from-- from
formal dehyde and ortho-chloroaniline. That gave with the |liquid
pol yet her urethane extraordinarily good properties in hard
urethanes for gears and industrial tires and things |like that.

It got such good properties out of the polyether urethanes that
we hurt Bayer who was mnarketing pol yester urethanes.

[ END OF TAPE, SIDE 9]

SCHROEDER:  Bayer then | eaked out runors that MOCA was

carci nogenic. Qur own tests had indicated to us that MOCA was
okay. We had run sone limted rat or nouse tests and it seened
to be all right. W had a core of know edge that said that

al t hough di chl orobenzi dene was carci nogenic, as nost of the
benzi denes were, di am nodi phenyl net hane didn't seemto be, and
chl ori nated products of those types seened to be okay. So we had
figured that we were all right. When Bayer |eaked out this
information, | wote to themand said that | would like to talk
with them about this, because we didn't want to put out a
substance that was carcinogenic w thout know ng about it and at
| east handling it properly -- if it were carcinogenic.

So Bayer agreed to see ne and | trotted over to Gernany in
think 1965 to talk to their research director, by the nane of
Hans Hol tschm dt, and also with their toxicol ogy people. They
showed ne tests which indicated that if you fed MOCA to rats
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using a liver damaging diet, the rats got cancer. They had
not hi ng el se other than that. Qur Haskell people said that they
t hought that the diet itself was what caused the cancer. The
qguestion woul d best be answered by running MOCA tests on rats
with a normal diet. Really, you couldn't be certain about rats
or mice, in any case, because so many of the strains devel op
cancer al nost spontaneously. Wat we really needed were sone dog
tests.

So we started out on some rat tests with normal diets and
with the Bayer diet. W also did |ong-termdog tests which take
many years and treated themdifferently fromthe way we had
before. W upped the doses of the MOCA and in due course, we did
confirmthat rats would get cancer when fed a normal diet if the
| evel of MOCA was increased, whereas with a normal diet and a
| oner | evel, which would cause a cancer in the rat that had the
energy deficient diet, you wouldn't get the cancer.

The dog tests kept looking all right. The dogs went on and
on and on and they seened to be okay. But then, as the dogs
were nearing the end of their lives, they started to look ill, so
we started to sacrifice themand we found that, indeed, the dogs
got sone cancer, but nothing |ike what the rats did. So MOCA was
potentially dangerous. There is a nuch better correspondence
bet ween dogs and humans than there is between rats or nmce and
humans. Still, we had no indication that we'd been in any
trouble with MOCA. W had no sign of any trouble fromthe people
who had nmade it. W had made it carefully in the plant, so that
the exposures were mnimzed. But in the early days, in the
1950s when we were making MOCA in our semworks, it's possible
that the people got some exposures. W |ooked over all of those
peopl e and there was no sign of any trouble.

Wth a substance that was so inportant to a business, and
with no sign that anybody had been hurt by it, and with every
effort made to maintain cleanliness in the plant, we were advised
by our |egal people and by [John A ] Zapp (Director of Haskel
Laboratory) that there was no reason why we shouldn't continue to
make the stuff. W started to undertake efforts to be sure our
custonmers used it safely. Later, MOCA was placed on that |ist of
fourteen substances which were supposed to be carcinogenic. MOCA
was the only one on that |list where there really was a question
at that tinme, as far as humans were concer ned.

In any case, we then sent appropriate warnings out to our
peopl e again and continued to manufacture the stuff. Finally, we
deci ded that even if the substance was harm ess, as far as people
were concerned, the risk of getting sued on the basis of its
presence on the list and in a rather litigious society was too
great. So we got out of that business.

FERGUSON: At the present point, can Du Pont now enter sone of
t he businesses or operations that they got into earlier?
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SCHROEDER:  No.

FERGUSON: What woul d we | ose?

SCHROEDER: Wl |, you couldn't nove as fast. You' d have to get
over so many institutional barriers and regul ations. For

I nstance, | ook at how we got into the manufacture of chloroprene
rubber. We had a pilot plant operating in the Chanbers Wrk

ni neteen nonths after Arnold Collins first took that rubbery

pol ymer out of the colum. W had Viton nade in a sem works
within three and a half years of its discovery and comercially
within five years of its discovery. Nylon was discovered in 1934
and | think the Seaford Plant was announced in 1939. Things like
that. For substances with unknown risk, such things are now

i nconcei vable. There's the EPA the effluent problem the
toxicity problem You just couldn't go through all the necessary
tests in that kind of tinme.

We always ran toxicity tests on the substances we were going
to make. Starting way back, shortly after Haskell Laboratory was
established in the 1930s, we knew about the acute toxicity, the
toxicity orally, the toxicity on skin, and that kind of thing.
Peopl e ran patch tests and imted aninmal tests. They al ways got
things |ike LD,, values [LD,, i s that dosage which produces 50%
nortality]. We did no long-termtests except in cases where
there was reasonabl e suspicion. So sone of these insidious
affects could have been m ssed. |In the case of nylon, | knew, as
| started to work at the Central Chem cal Departnent, that
hexanet hyl ene di am ne was dangerous. O course, it's caustic,
and we knew that it had effects on bl ood pressure, but we handl ed
it appropriately. The only sorts of things that we treated with
extreme care were those that were extrenely toxic. These were
subst ances |i ke phosgene, HCN, or things that were suspected of
bei ng carcinogenic |ike some of the aromatic am nes, beta-
napht hyl am ne, and benzi dene. They were al nost proscri bed.

The battery of hurdles that you nust get over to get a new
product going these days is such that it's bound to inhibit. |
think that in many cases it's excessive. It really depends upon
how new a substance is, and what category you're in.

FERGUSON: How s this going to inpact the future of the polyner
busi ness?

SCHROEDER: | don't think it will have an enornous effect on the
future of the polynmer business. Chances are that the big pol yner
di scoveries, the high volune ones, have been made. There wll be

many new pol ymers made, but they will be refinenents, special
things fromnew techni ques |ike group transfer polynerization.
W will learn howto control nol ecular weight and | earn how to

better copol ynmerize various nononers. But the basic nononers
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wi th which you operate are the outcone of reactions on certain
raw materials. The raw materials aren't cheap. There w il be
fancy polynmers nade, of course -- things |ike conductive

pol ymers, piezoelectric polyners, photopolyners, you nane it.
Those devel opnents will all be slowed down, but I don't see any
bi g events which create the major effluent and toxicity problens.
| think the chances of getting new ones are so slight and the
devel opnent cost of getting a really new polyner is so great.

The incentives are all on blending things and naki ng
nodi fi cati ons of what you al ready have.

FERGUSON: Thank you very nuch

[ END OF TAPE, SIDE 10]
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