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RAYMOND F. BOYER

1910 Born in Denver, Colorado on 6 February

Educati on
Case Institute of Technol ogy

1933 B.S., astronony
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Pr of essi onal Experience

The Dow Chem cal Conpany
Physi cs Laboratory (Physical Research Laboratory)

1935-1945 Physi ci st
1945 G oup Leader
1945- 1948 Assi stant Director
1948- 1952 Di r ect or
1949- 1952 Secretary, Executive Research Conmi tt ee”
1952- 1969 Director of Plastics Research
1969- 1972 Assistant Director, U S. Area Research and
Devel opnment (Pol yner Sci ence)
1972- 1975 Research Fel | ow
1975- Research Professor and Affiliate Scientist,

M chi gan Mol ecul ar Institute

Honor s

1955 Honorary D. Sc., Case Institute of Technol ogy

1968 Gol d Medal, Society of Plastics Engineers

1970 Borden Award in Organic Coatings and Plastics
Chem stry, Anerican Chem cal Society

1972 Swi nburne Gold Medal, Plastics Institute of G eat
Britain

1978 Menber, National Acadeny of Engineering

1983 Best Papers Award, M dl and Section, Signma X

1991 Election to Plastics Hall of Fanme, June 20, 1991,

sponsored by the Society of the Plastics
I ndustry, Washington, D.C.

* This group, consisting of Dr. Wlliam R Veazey, chairman; Dr. Edgar
C. Britton, vice chair; and R F. Boyer, secretary; was responsible for
Dow s R&D operations for a three-year period follow ng the death of
WIllard H Dow, president, Dow Chemical, in a plane crash in March 1949.
This comittee ceased to operate when Ray A Boundy was appoi nted as the
full-time research director for Dow.



ABSTRACT

Raynond Boyer begins the interview with a brief description
of his famly, childhood, and school days in Onhio, touching on
his early interest in electricity. He then tells of his
under graduate and graduate years at Case Institute of Technol ogy,
focusing on the influence of the faculty there. In discussing
his career at The Dow Chem cal Conpany, Boyer provi des accounts
of discoveries and innovations, especially involving polystyrene;
several leading figures there, including Wllard and H H. Dow,
and maj or organi zati onal changes that occurred during his career.
Concluding with a summary of his nost recent research at the
M chi gan Mol ecul ar Institute, Boyer includes an interesting
anecdote involving a Canadi an chem st with the sane nane.

I NTERVI EVER

Janmes J. Bohning, Assistant Director for Oral Hi story at the
Beckman Center, holds the B.S., MS., and Ph.D. degrees in
chem stry. He was a nenber of the chem stry faculty at WI kes
University from 1959 until 1990, where he served as chair of the
Chem stry Departnent for sixteen years, and chair of the Earth
and Environnental Sciences Departnment for three years. He was
Chair of the Division of the H story of Chenmistry of the American
Chemi cal Society in 1987, and has been associated with the
devel opnent and managenent of the Center's oral history program
since 1985.
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| NTERVI EVEE: Raynmond F. Boyer

| NTERVI EVER: James J. Bohning
LOCATI ON: M chi gan Mol ecular Institute, Mdland, M chigan
DATE: 14 January 1986

BCOHNI NG Dr. Boyer, you were born on February 6, 1910, in
Denver, Colorado. Can you tell ne sonething about your parents?

BOYER Well, ny father grew up on a farmin Munt Hope, Chio

He wandered around a lot, finally ending up in Denver, Col orado,
where he net ny nother. She was born in Sioux Cty, lowa and had
gone to Denver as the netropolis of that area. So that's where
they nmet. Several years after | was born, ny father decided to
nove back to Chi o because his nother had died and his father was
getting on in years and was all alone. They cane back and first
went to the village of Beach Gty, Ohio. They were there for
several years, and then noved about twenty mles away to

M Il ersburg, Ohio. That was the county seat of Hol nes County,
popul ati on around 2000 to 2500. There's where I had ny schooling
from grades one through nine.

BOHNI NG Were there any particular teachers in M1l ersburg at
that tinme that influenced you?

BOYER |I'd say the teachers by and | arge were excellent. They
tended to be. Perhaps the eighth grade teacher |eft the nost

| asting i npression, partly because she was a tyrant, but she was
extrenmely good. She was Ms. Carrie Marvin. M nother bought a
set of books--The Book of Know edge--which | read incessantly
(1). They had a major influence on ny career.

BOHNING Did you go to high school in MIIersburg?

BOYER Only junior high, the ninth grade. M father was an
entrepreneur. | think that is the best description for him In
M I | ersburg he operated a dry cleaning and | aundry establishnent,
and for many years it was the only one in town. Then,
conpetition noved in with sone newer equi prment. He decided that
M Il ersburg did not need two such places and so he sinply got
out. For several years, he |leased land for oil, using the old

wi tch hazel stick to prospect for oil.

BOHNING Was that in the MIIlersburg area?



BOYER: Yes. Well, it was all over Ghio. ©Chio was a hot state
then for oil potential and so that's what he did. That didn't

| ast very long, and then he took a tenporary position in

Cl evel and, Chio, operating a confectionery stand with popcorn,
peanuts, salted nuts, and so on. He didn't |ike being away from
honme, living in MIIlersburg, and working in O evel and, so he
decided to nove to Canton, Onhio, which then had a popul ati on of
about a quarter mllion. Again, he had a position then at a park
concession, with popcorn, peanuts, and soft drinks. Fromthere,
he went into business for hinmself in a new market which was
opening up in Canton. | worked after school in that nmarket of
his for about three years--after school, Saturdays, nights, and
so on. That led to a tug of war between himand nmy nother. She
wanted ne to go to college. He wanted ne to stay and inherit his
busi ness, so to speak. Well, she won. But | went to high school
in Canton, OChio. It had one senior high school for a town of a
quarter mllion. It had about four thousand students. That was
grades ten through twelve. Because | did very well in the first
year, | got put in a class for outstanding students w th speci al
teachers--the best.

BOHNI NG What i nfluenced you to nove into physics?

BOYER  Since | was about ten years old | had an interest in
electricity. | always had a shop in nmy house. It was nostly
full of junk, but inportant to ne. | think, as far as | know,
this was probably the Thomas Edi son influence in Chio. Also,
there was a nmmgazi ne by Hugo CGernsback called The El ectri cal
Experinenter (2). Those were the influences that were probably
critical to ny career fromabout ten on. For sonme reason | never
went into radio. | had friends who did. But no, it was Thomas
Edison, that's all | can imgine. Now, |I don't knowif you're
interested in the choice of Case?

BOHNI NG Yes, absolutely. But before we get to Case, were there
any teachers in your high school in Canton that you renmenber, in
terns of the chem stry or the physics or the math that you may
have taken, that influenced you?

BOYER Yes. There was a Mss Heinreichs in chemstry. There
was a Mss Lutz in Latin, and a M. Metzger in physics. There
was a superb math teacher whose nane | can't renenber, but he was
t eachi ng advanced mat h then

BOHNING Did you have any | eanings towards physics over
chem stry?



BOYER No. 1'Il get to that. | m ssed being val edictorian of

the class by a bad grade in physics. [laughter] | just goofed on
one exam But anyway, | think the choice of Case is rather
cruci al because Case led to Dow. A high school friend of mne
and | had | ooked around for colleges, and we traveled. | wanted
el ectrical engineering--no question about it--and he wanted
mechanical. So we made the rounds from Carnegie Tech to Chio

State to Purdue, Notre Dame, University of Chicago, and we
couldn't make a decision. About a nonth before college was to
start, in the fall of 1929, we were visiting at a friend s house,
and the nother said, "Wiy don't you go to Case? There's a fanous
man there who works in nmusical sound and has witten a book on
the flute (3). Hs name is Dr. MIler." Wll, we grabbed it;

wi t hout ever having seen the canpus which was only sixty mles
away, we enroll ed.

BOHNI NG So you visited all the other schools! This Dr. Mller
was he in physics?

BOYER He was Dayton C. MIler, who was in acoustics. The

nmusi cal sound was a hobby. He was doing ether drift experinents,
and was a wonderful lecturer. | was still conmtted to

el ectrical engineering when | went to Case and | indicated that
choice on ny enrollnment form At a fraternity rushing situation,
| met a man who was working in radi o propagation at the Bureau of
Standards. Wen | told himny interests, he said, "You don't
want to be an electrical engineer, you want to be a physicist."
And that was it.

BOHNI NG Were there any specific faculty at Case that influenced
you?

BOYER: Well, yes. Because in a placenent exam!|l was in the top
ten, it turned out that we got sonme good teachers that way. One
of them was the professor of astronony. H's nane was Jason J.
Nassau. He taught freshman math. | think he was the first one
to recogni ze any potential in nme, and he remained a |ifelong
friend, advisor and nentor.

BOHNI NG What about physics?

BOYER M father died at the end of the freshman year, during
exam week. Sonetine after that, | had a chance encounter with
Prof essor Nassau and told himthat |I didn't think I could go back
to school because of a lack of funds. This was in the spring of
1930 and the Depression was on. He told nme that there was an
openi ng at the school observatory for a student custodian and he
t hought he could get that for me. Well, he did. So, | noved
into that observatory. | had a shared free room a kitchen with



cooki ng privileges, bath, and so on. That really was what
allowed ne to go to school. M roommate and | swept and scrubbed
floors and cleaned toilets as the exchange for staying there.

| enrolled then in physics at the start of the sophonore
year and stayed with it throughout. Nassau was a proselytizer

and he persuaded ne to do a thesis in astronony. | had been
famliar with all the equipnent. | had assisted at public nights
and | knew how to run the tel escope. | knew the stars, and the

whol e business just by living there. He was certainly the

dom nant figure. He was nomnally a nenber of the physics
department. But the rest of the staff there, well, they weren't
very good. They weren't outstanding. MIller was approaching
retirenent. The editor of the Handbook of Chem stry and
Physics(4), [Charles D.] Hodgman, was on the staff. He let the
students teach thenselves. W' d get assigned a chapter in a book
on optics and we gave the lectures. He sat back and di d nothing.
There were six of us enrolled in that physics course.

[ Christian] Nusbaumwas in x-ray crystallography. He was
quite good, but he never ampbunted to anything in the big scene.
There was a man nanmed Cl arence WIliam Wallace who was sinply
drawi ng his pay. He taught, but indifferently. There was [John
G ] Al bright who was a good teacher, but his chief claimto fane
was that he discovered that spider webs nade very good cross
hairs in mcroscopes. He had a business to supply spider webs.
There were sonme good people. O course, you took courses al
over the canpus in different disciplines. The nmath was generally
very good. So there were a few good teachers around, enough that
| had a decent education. Later, during ny master's degree work,
| had a course in physical netallurgy with A. A Bates, who
achi eved national fane. [Robert S.] Shankland, a physicist, was
very good but was away working with [Arthur H] Conpton on a
Ph.D. degree while | was there.

BOHNI NG How many chemi stry courses did you take?

BOYER  Three: general; analytical |aboratory; and physical
chem stry.

BOHNING Do you recall who you had?

BOYER | don't renenber analytical. GCeneral chem stry was
taught by WIlliam Reed Veazey. Have you ever cone across hinf

BOHNING Yes. I'msure we're going to nmention his nane sone
nore before we're finished, because he was already, at the tine
you were there, working at Dow in the sunmers and consulting for
Dow.



BOYER  Yes, and then later he noved there permanently. Veazey
was on Dow s Board of Directors and director of research for Dow

starting prior to the death of Wllard Dowin 1949. | worked for
himat Dow later; | was an assistant to himfor three years. The
physical chem stry class was taught by Norbert Lange. He was the
co-editor of the Handbook of Chem stry and Physics (4). | think

that's right, Hodgman and Lange. He was excellent as a teacher.

BOHNI NG You took general chemistry and physical chemstry. No
organi c?

BOYER No organic. | never had a course in organic chemstry.
Somewhere along the line there was a lab in analytica
chem stry, and that was the extent of it.

| first learned the terns "polyner"” and "pol ynmerization" at
t he observatory. A Case graduate, Frank Herzog, lived in
Cl evel and and worked in Akron (Goodrich). He was an amateur
phot ogr apher and used the fully equi pped observatory darkroom
nostly on weekends. On one occasion, he brought a 2-3 liter
bottle of vinyl acetate to this darkroomand left it there. It
had an Eastman Kodak | abel. This liquid gradually thickened.
knew because | cl eaned the darkroom My curiosity nade nme tip
the bottle and learn that this liquid gradually becane thicker.
Then | questioned Frank about ny observations. The bottle
originally contained a nonomer, vinyl acetate, which he was
testing in photographic chem stry. At roomtenperature it
gradual ly polynerized and thickened the nmononer. | can stil
"see" in "ny mind s eye" that large bottle of vinyl acetate. The
exact meaning of this finally becane clear to nme after severa
years at Dow Chemical. Herzog |ater was inventor (or co-
i nventor) of the tubeless tire.

BOHNI NG You said you did a thesis. That was for the bachelor's
degree in astronony. Then you continued on for an M S. degree?

BOYER. Well, when | tried to get a job in the spring of 1933,
went around to the industrial centers, and they wanted to know
what ny thesis was. Wen | said astronony, that was the end.
They made it very clear that they couldn't possibly want an

astrononer. [laughter] | didn't really see how |l coul d possibly
go back, but then sone teaching assistantships opened up in the
fall of 1933. | think it was Nassau who got nme one of them Now

| was in the physics departnent at Case, and | was a | aboratory
instructor. This was a two-year arrangenent, fifty dollars a
nmont h, part of which went honme to support ny nother. That got to
be pretty exciting. But | decided that I wasn't going to do any
nore astronony even though Nassau wanted ne to. So | signed up
Wi th Nusbaum and the master's thesis was on the x-ray
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crystal l ography of steel at high tenperature in the region of the
so-cal l ed al pha transition.

BOHNI NG  Was that done in conjunction with any of the steel
conpani es in Cl evel and?

BOYER. No. | don't know whether Nusbaum consulted with any of
themor not. It's a good possibility, but I wasn't aware of
that. And the joke of it was, we had a persistent problemin
getting the photographs and Nusbaum was of no help. On the day |
graduated, | realized what the problemwas and | solved it. It
was so dammed sinple that it was ironic and | started turning out
decent x-ray spectrographs. The red hot iron specinen darkened

t he photographic film That made the thesis.

BOHNI NG What happened to your friend who went with you to Case,
and were there any other students with you at the tinme that you
recal | ?

BOYER Well, ny friend went through Case and had an indifferent
four years in mechani cal engineering, got an indifferent job
somewhere in Cleveland and did nothing with his career. W
roomed together freshman year and |unched together sophonore year
on sandwi ches | nade at the observatory.

BOHNI NG  Were there any other student coll eagues?

BOYER  The original five of us in the physics departnent were a
rat her remarkabl e group for the nost part. There was Briggs
Hazel hurst Napi er--he was a descendant of the two men who

i nvented | ogarithnms, [John] Napier and [Henry] Briggs, and was
quite a brain. He never made anything out of his life, did some
teachi ng, and had a nmental breakdown--nothing. There was a nman
naned Robert A. Herrington, who ended up at Goodrich. He was
very brilliant. He never did anything with his career at
Goodrich. He was useful. For instance, he had nenorized a four-
place logarithmtable. [laughter] But that was the kind of
person he was. These guys were so sharp that they used to nake

me feel |ike an ignoranmus. Another man was named Irving
Prettyman. He ended up at Firestone, and he retired fromthere.
I'"d say he didn't distinguish hinself at all. He just did good

wor k on pol ynmer and rubber physics.

Qur original group of five was joined by a sixth student for
the senior year--a Wlliam Nels Sinons from New O | eans. W
commonly designated himas the one who speaks Southern drawl with
a Harvard accent (or perhaps vice versa). He cane to class
i npeccably dressed--full business suit, clean shirt each day, and
tie. 1, for exanple, looked like a tranp. [see follow ng page]
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| last saw Bill on graduation day in 1933 and have neither
heard from or about himsince. It's alnost as if a year in a
good engi neering college were a pre-requisite for inheriting a
fortune.

BOHNING  Well, | guess that brings us to your finishing up at
Case. W had nentioned Professor Veazey earlier. | understand
that he was quite instrumental in getting people to Dow if he saw
a student who was good. Did he influence your decision to go to
Dow?

BOYER: Not at all

BOHNING Did you have ot her choices?

BOYER | don't know. What happened was that the professor of
astronony, Nassau, went to Mdland in the spring of 1935 to give
a lecture on astronony before the Mdland Case Club. And, as you
know, there were plenty of Case nen there. He got the grand tour
of Dow. O course, he knew no chem stry. But he canme back to

Cl evel and and one thing he really renenmbered is that they were
using electrical currents of ten thousand anperes to generate
chlorine. He saw these big cables and all the electrical

machi nery and everything el se.

[END OF TAPE, SIDE 1]

BOYER  Dr. Nassau canme back to O eveland and just said, "Ray,
you have got to work for Dow. " [laughter] So | never did any job
hunting after ny MS. degree.

BOHNING | see. You had never talked to Professor Veazey about
Dow?
BOYER | didn't even know the scope of Dow. It neant nothing to

nme, except what Nassau told ne.

BOHNING Did you have anything in mnd, as you were finishing up
your nmaster's degree, about what you thought you were going to
do?

BOYER Oh, | don't think | had faced that decision yet. And of
course, the job market wasn't all that promsing in the spring of
1935. | was aware of Ceneral Electric's Lighting Lab, Union
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Carbide's Lab, both in Ceveland, and the "big three" tire
conpanies. This canme along really kind of early. As | recall

it could have been in March or April. It turned out that the
head of the Physical Research Laboratory at Dow, John J. G ebe,
was going to get an honorary doctorate degree from Case at the
graduation cerenonies in My, 1935. Nassau arranged that | woul d
neet him He hired ne on the spot, on the strength of Nassau's
reconmendati on, because we scarcely had tinme to neet. It was
just too busy a period. So | showed up at Dow and went to work
on 5 July 1935.

BOHNI NG  And you started in the student training course?

BOYER | went through the student training course.

BOHNI NG  Coul d you tell ne sonething about your experiences in
that course? As | understand it there was alnost a full year in
di fferent sections of the conpany.

BOYER  Forty-ni ne weeks. Seven sessions of seven weeks each

We went around to the different shop departnments of Dow- -
mechani cal , machi ne shop, the boiler shop, the | ead shop

el ectrical shop, instrunmentation. They even had us work in one
of the warehouses where pipe fittings and stuff were handed out.
I had one session of seven weeks in the Physical Research
Laboratory. O course, | was fascinated by all of this, because
these were new techniques. W went out in the field with the
field machinists and repair nmen and things like that. W got to
see a lot of the plant. | knew the plant inside and out. | also
spent a few weeks in the X-ray and Spectroscopy Lab under Don [J.
Donal d] Hanawal t, a physicist who becanme nationally fanous.

BOHNING Did you have a choice when you finished that student
training program or were you assi gned?

BOYER. | went there with the understanding that | was going to
be working for Grebe. | couldn't know at the tinme, but G ebe was
in disfavor, for he had not followed proper proceedings in hiring
nme. He wasn't the personnel director who hired people, and so

Grebe was in double or triple jeopardy. Al of a sudden, | was
told that | was going to work over in the X-ray Crystall ography
Departnent. Well, | didn't like that, and I finally went to the
personnel director and said, "I amnot very happy about that
assignment. | canme here with the understanding I woul d be
wor ki ng in the Physical Research Laboratory under Gebe." Wll,
okay, that was arranged. | was ideal for this X-ray Departnent

because Dr. Hanawalt was a physicist who was in charge of the
departnent. He was an x-ray crystall ographer, and nmade quite a
nane for hinself eventually with the techniques that applied
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particularly to the magnesi um devel opnent. By going into the
Physics Laboratory, that's where | got exposed to polyners.
course, everything followed fromthat.

BOHNI NG  You had an early paper on acid solvents for oil wells
(5). D dyou start your work in the PRL right on polynmers?

BOYER No. Dowell was a big thing. It had been devel oped in
t he Physics Laboratory by John G ebe, and they were giving the

techni cal support for Dowell. The first summer | spent with a
physi ci st who was applying theories to the flow of oil in
under ground porous rock to a central gathering place. It was the

same as the theory of heat flow and diffusion problens and things
like that. So he had ne cal cul ati ng Bessel functions, because
they were used in interpreting oil flow That was one of the
nost boring sumrers of nmy life. Then, one of the people in the

| aboratory, M. [Leonard C. "Jack"] Chanberlain, had a strong
interest in the experinmental aspects of the acidizing of
underground rock, particularly |inmestone. Sonmehow he and | got
together and did that work. That was the Chanberl ai n- Boyer
publication, acidizing of oil wells. That's how that cane about.

But the man who had put nme on the Bessel functions becane
interested in polynmers. He was a physicist. There were problens
with light and heat stability of both polystyrene and Saran. H's
nane was Dr. Lorne Matheson, a Canadi an who got an under graduate
degree in Canada and a Ph.D. at the University of Mchigan. He
was a geni us.

He had the idea that all we had to do was take known
stabilizers that were used for rubber, food stuffs, preservatives
general ly, anti-oxidants, and add themto pol ystyrene, and we'd
sol ve the weat hering probl em which polystyrene had. He further
had the concept that if we put ultraviolet screening agents into
this polyner and into Saran that that would protect these
polyners fromU/. W went to the drugstore to buy suntan
oi nt nents, but none of those things worked. So we had to branch
out on our own.

The Organic Laboratory under Edgar C. Britton sent sanples
of every chemical it synthesized over to the Bi ochem ca
Laboratory. That Bi ochem cal Laboratory, under D. D. Irish, was
al so located in the Physics Lab. Al these chem cals canme over
fromthe Britton lab to the Biochem Lab and they were stored
upstairs on the second floor of the Physical Research Laboratory.
Wel |, that becane our hunting ground. There were hundreds and
hundreds of chemi cals, nmany of them absolutely new, not even
avai |l abl e from East man Kodak or anything like that. W began
trying those out and we began striking pay dirt. There's where I
| earned organic chem stry. W were screening hundreds of organic
conmpounds and | just somehow absorbed it, because | was
interested in structure-performance relationships. | |earned
al so which chem cal groups were chronophores because of the
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ultraviol et screening. So, that was ny course in organic
chem stry. [laughter]

Then it turned out that Britton was convinced that any
conmpound that his group synthesized in the Organic Laboratory
should, if it turned out to be useful and patentable, have either
his nane or one of his nmen's nane on the patent. He began
raising hell that we were stealing his conpounds there, behind
hi s back, w thout his perm ssion, using them and applying for
patents on them He tried to block the | eakage. Well, we
conprom sed and sone of his people's nanmes got on our patents.
And all they had done was synthesize the conpound, with no
conception that it mght be useful for anything.

BOHNING Did Gebe and Britton get along pretty well? D d they
have a cooperative rel ationship?

BOYER  Phil osophically, they were north pole and south pole.
Britton was the cut and dried, nethodical, organic chem st, and
dammed good. G ebe was the creative guy who sparked and didn't
want his nane on patents. Britton ended up with three hundred
and fifty patents and G ebe ended up with fifty patents. But,
Grebe nmade for Dow a hundred times the profit over the years that
Britton did. So yes, they were conpetitors.

BOHNING | want to conme back to that conpetition | ater on.

There are sone other aspects of that when we get into the styrene
era. In 1936 there was an accident in the carbon disulfide

pl ant .

BOYER | don't know how you know about it!

BOHNING There is a brief nmention of it in the history of the
Dow research pioneers (6). Dow was involved in nmaking carbon
disulfide at that tinme? It was 1936, | believe.

BOYER  There were two processes for carbon disulfide at Dow.

One was the use of steel pots that were fired underneath by gas
and oil. They mght have a capacity of about one hundred
gallons. Into the top of those pots, containing nolten sulfur,
wor kmen woul d dunp charcoal and out woul d conme carbon disulfide.
They had a building that nust have been a hundred feet long with
maybe thirty of those pots in it. The stink was unbelievable.
There were blue flanes shooting out fromleaks in those pots. At
one point we had to go through that building when | was still in
the training course. | always considered that an exanpl e of what
hell would be like. The snell of hot, burning sulfur, and the
flanes, and the heat.
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Dow had a newer process which used a big steel vesse
electrically heated through three el ectrodes which were three
phase, huge carbon rods. The charcoal went into that big vesse
and being electrically conducting, all that got hot. Sulfur was
run into that fromone of these pots again, vaporizing the
sulfur. Now this furnace was very inefficient electrically
because of eddy currents in the steel shell of the big container.
I'"ve forgotten the power factor, maybe two-thirds, sonething |like
that. So the Physics Lab had a project of trying to inprove the
el ectrical efficiency of that carbon disulfide furnace. M boss
Mat heson had the idea that if we put stainless steel plates
I nstead of steel around each of the three electrodes, it would
i nprove the electrical efficiency. And that was done. But he
still had the problem fromthe Physics Lab. There was Dr. Lorne
Mat heson, who was a physicist from Canada. It was in the student
training course when I was in the Physics Lab, Mtheson was
wor ki ng on naking el ectrical neasurenents on that furnace to
check out power factors, efficiencies, and so on. Wile we were
in the building, the pot that vaporized the sulfur sprung a | eak
and put sul fur vapor out into the whole volune of that building
and it caught fire and exploded. Wll, | got burned and anot her
fell ow, a co-worker, also got burned. One of these chance-in-a-
mllion things, because it wasn't our normal place of work and we

weren't there very nuch. But it happened. Well, | got treated
in the Dow first aid. It turned out the burns were not serious.
But it did happen. | still have the scar fromthe burn

BOHNI NG How nmuch | onger did the ol der process continue?

BOYER Oh, | don't renenber. Eventually (because they were

| abor intensive) those pots where phased out and then eventually
along the line, Dow got out of the carbon disulfide business. |
never had any nore to do with it after that sumer of 1936.

BOHNING  You wote a paper with [Robert D.] Heidenreich on an
automatic heat distortion recorder for plastics that |ater becane
an ASTM net hod (7).

BOYER  Not Heidenreich but [George] Hi erholzer. It had better
be Hierholzer. Is it?

BOHNING Yes. | made a mistake in |ooking at ny notes.

BOYER: | know. Hierholzer. Heidenreich ran an el ectron
m croscope. Hierholzer worked for ne as an instrunent
technician. He built that instrunent.
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BOHNI NG What was the rational e behind that? Wat was the need
for doing that?

BOYER: Well, heat distortion tests were one of the comon
characterization tools for thernoplastic polyners--where did they
soften? There was an ASTMtest, and it consisted of a strip of
the polynmer (it was nostly polystyrene at that tinme in the
Physics Lab) resting between two supports, with a weight in the
m ddle, and a mcroneter to read the displacenent of the top of
the weight--the deformation. This was tedious, hand stuff that
you assigned to technicians. And maybe they were paying
attention and naybe they weren't. Now, one of Gebe's big
contributions to Dow Chem cal was automation. He, with [Ray H. ]
Boundy and [ Robert W] Cernak, devised the first automatic
controllers that were ever used at Dow for process control. One
of his strong philosophies was to automate. That was a
characteristic thene in the Physics Lab. So, | thought, "Wy not
automate the heat distortion recorder?" Al it took was an

el ectrical sensing device. |[|'ve forgotten now, | couldn't tell
you the exact principle, but that's what we did. W published
it, and it was eventually adopted by ASTM because it was nore
accurate, fool proof and automati c.

BOHNING Well, let nme go to a different paper. Maybe I'll be
correct wwth Heidenreich this tine. [laughter] This was a
techni que for direct observation of the polychlorostyrene single
nol ecules (8). This was the first tine that this was done?

BOYER  Yes. To ny know edge, that was a first. Now things |ike
t obacco nosaic virus had been seen before in the electron

m croscope, but they were multi-mllion nolecular weight. And
they were crystalline, of course. The concept of this was ny
own, because Hei denreich sinply operated the el ectron m croscope.
He was exceedingly good at it, so good that he eventually got
stolen away from Dow by Bell Labs. | had |earned, by that tinmne,
enough theory about polyner solutions to realize that if you got
down sufficiently dilute, you ought to have individual polyner
nol ecules. | also knew that if one added a non-solvent to a

sol ution of polystyrene, you' d precipitate the polyner out and
you could collect it. So the key idea then was to get down to a
di [ uti on which woul d have individual polyner chains floating
around in the systemand then to add a non-solvent to try and
capture them as individual nolecules. W went to chlorostyrene
to get nore electron density to nmake themnore visible in the

m croscope. So that was the basic idea. Well, that thing has
been copied all over the world and Boyer is al nost forgotten.
Techni ques, shadowi ng in particular, got refined trenendously.
What's your background, by the way?

BOHNI NG Physical chem stry.
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BOYER. From where?
BOHNING | got ny degree at Northeastern in Boston

BOYER My son got a Ph.D. there in atom c physics, much, nuch
later. Well, probably not that nuch | ater

BOHNI NG Going back to the early 1940s now, you and [Qis Ray]
Mcintire did some work in nodifying polystyrene with natural
rubber. Wuld you say sonething about that work?

BOYER  Yes. Wen radar got devel oped in England, electrica
cabl es were needed which had | ow el ectrical |oss and could be
used to transmt the high-frequency signals through cable from
the antenna dish to receivers and anplifiers. Natural rubber
seened to neet the electrical needs and had the flexibility. But
these cables were frequently used in very warm pl aces and were
under flexture frequently, going around corners, and so on. The
central cable that carried the signal would tend to displace
toward the copper-braided outer shell which was an el ectrical
shield and a return conductor. The idea started early on to
nodi fy rubber wi th polystyrene which was an even better

el ectrical material to have because of low dielectric loss. This
thing started, as | recall, in England. Dow was approached to
hel p out in this venture, because we were then "M ster

Pol ystyrene" already in the United States. That was the start of
that venture.

[END OF TAPE, SIDE 2]

BOYER  Well, it happened that rubber and pol ystyrene are

i nconpati bl e and you need other agents to induce conpatibility
since two-phase systens can be bad nmechanically. The real payoff
came with the invention by ICl scientists of polyethyl ene,
because it was so good.

Being crystalline, it had a nelting point above 100°C, so
there is no problemwith heat. It was electrically perfect, and
that was it. That's what put polyethylene fromICl on its feet
originally. You see, there were two consequences. Two people in
the Britton | ab discovered what we now call sequentia
pol yneri zati on of two nononers--styrene and butadi ene. Either
one first, followed by the other one. (That's now big, hot
pol yner chem stry--interpenetrating polynmer networks.) They had
a conposition back then that had excellent electrical properties,
| ow tenperature flexibility, and was al nbst good enough on heat
di stortion because of the polystyrene that was in there. And it
was pure polystyrene at a nolecular level, intimately dispersed.
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| worked on that product trying to peddle it to the mlitary
during the war.

BOHNING | wanted to ask you about that. Was that Styral oy 227
BOYER. Yes. That's it.

BOHNING  So you were taken out of the Physical Research Lab for
a while?

BOYER:  Yes. Hal f-time durin
and then it was nore than hal
Physics Lab and a half-day in

g the war, except when | travel ed,
f-time. But | had a half-day in the
[WIliam C.] Goggin's group

BOHNING Did you do much traveling?

BOYER Ch, yes. | was always going to Washi ngton, New York
Cty, MT in Canbridge, to see Professor [Arthur R] von Hi ppel
the one dielectrics expert on the then secret radar project,
wher ever the commercial activity was on trying to nake these

cables. Sonmewhere, with Dr. Matheson, | had gotten exposure to
dielectric testing and that becane a responsibility of the
Physi cal Research Laboratory. That was in the |ate 1930s. It

was one of the centers for dielectric know edge, and that was a
proper polymer physics thing, of course. So | got drafted into
that. But Styraloy got killed overnight by polyethyl ene.

BOHANI NG What tinme woul d that have been? When the war was over?

BOYER. The m d- 1940s, sonmewhere in there. But out of that work
wi th rubber and pol ystyrene, G ebe brought back from Washi ngt on
the first soluble styrene-butadi ene rubber, and he gave it to ne
to copolynerize with styrene in little glass vials. And out of
that canme remarkably tough, high-inpact polystyrene. Then
Mcintire took over on that, and out of that came the [J.

Lawr ence] Anps, Mcintire, and [John L.] MCurdy patent on inpact
pol ystyrene (9).

BOHNI NG  You did the original co-polynerization

BOYER  The very first one, which | did at Grebe's request; it
was not patentable.
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BOHNING | want to nove on to your early research

adm ni stration, starting in 1948, when you foll owed G ebe as
director of the PRL. You were assistant director for three years
starting in 1945. How did this appointnment cone about?

BOYER  Well, as usual, there's a story. [laughter] | think

you' ve got a good nose for that. By 1945 the Physics Lab, under
G ebe, had three directors. Gebe hinself, who couldn't care

| ess about admi nistration, Lorne Matheson, the physicist, who was
a | ow key, easy-going guy, and this man L. C. Chanberlain, of the
oil well work. They eventually added a fourth nman naned [Lew s

R ] Drake who was an organic chem st. G ebe--physics. Matheson-
- physi cs. Chanberl ai n--physi cal chem stry. They finally decided
that they really needed an organic chem st. So here was this
four-man team runni ng the Physics Lab. As al ways happens, the

pl ace becane a shanbles, with different people going to whonever
woul d give them the answer they wanted. The norale was very bad.
It was so bad that it finally was brought to the attention of the
president, WIllard Dow. He actually cane out there in the early
summer of 1945, and interviewed every technical man in the

Physi cal Research Laboratory. He interviewed themin the absence
of supervi sion.

| don't know, and never w Il know, why | got chosen. | can
only speculate. First of all, I had no gripes. | just told him
"Well, there are problens out here, but I'"mgetting along quite
well. 1'mvery interested in what |'mdoing.”" And every tine

he'd try to pry into a personnel problemI'd tell him about sone
exciting work | was doing. Then he asked ne what | thought the
real problemwas with the Physics Laboratory. | said, "Well I
think it's caused by the fact that you and John G ebe do not get
al ong and Grebe thinks that you don't like him" Well, this
shocked him It was true. But, the next thing I know Grebe told
me that Wllard Dow wanted ne to take over the Physics Lab.

said, "John, | don't want that job. It's not what | want to do.
I"menjoying ny research.” Well, he began putting the heat on.
My duty and all that sort of thing. | talked to WIllard Dow, and
| talked to Veazey, and others. | finally decided, yes, this is

ny duty, and | took the job of assistant director.

Now Grebe failed to tell Matheson and Chanberl ain and Drake
about this change in status. There was one very traumatic
session in Gebe's office with all of these other people. G ebe
was trying to snooth everything over and not ruffle any feathers.
Thi ngs were going on as usual. | was just added to the team
finally said, "John," (Gebe that is), "this is not what Wllard
Dow wanted done. He told ne that | was to be running this place
under your overall supervision.”™ WlIl, John got up and dashed
out of the neeting. Matheson wasn't going to take my word for
it. He went out (a mle across the Dow plant) and tal ked to
WIllard Dow, and WIllard Dow confirmed it. Chanberlain got out.
He didn't raise any questions. He went to work then with Ray
Boundy, who was the first co-director of the | aboratory, but
currently the head of the new Plastics Departnment. That kept
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Chanberl ain occupied for the rest of his career at Dow. But
anyway, we got that thing straightened out. G ebe wasn't
interested in any adm nistration of the Physics Lab. 1In fact, he
was getting interested in atomc energy then. He took a year off
i n Washi ngton, and spent tine in Gak Ri dge, and he was at the
expl osion of the first atom c bonb. So, by 1948, just by
default, | was in charge. It's that crazy. [l|aughter]

BOHNING Did you do any | aboratory work in that 1945-48 peri od?

BOYER  Yes, | still kept ny hand in that.

BOHNI NG  What about after 19487

BOYER. | had a lot of contact with WIlard Dow, because he was
runni ng research in those days. Not only was he president, but
he was the nom nal head of research. He had Veazey around
somewhere by then too as an advisor. But any key deci sions went
through Wllard Dow. So | had quite a bit of contact with him
In the spring of 1949, WIllard Dow was killed in a plane crash
The board i mredi ately put Veazey in charge of research and nmade
M. [Leland |I.] Doan the president. | don't know who proposed
it, but there was to be a triunvirate consisting of Veazey,
Britton on the organic side, and Boyer on the physics, physical,
pol yner side. That was called the Executive Research Comm tt ee.

BOHNI NG Perhaps this mght be a tinme to talk about WIllard Dow
alittle bit since you had a chance to interact with himon a
nunber of occasions. Are there any inpressions that you have
about how he operated as the nom nal research director of the
conpany?

BOYER He clearly didn't have tine to get into many details. He
operated in terns of people. |If he had faith in the individuals,
t hat was good enough for him He was certainly always avail abl e.
Hi s door was al ways open. There was never any serious problem
getting an appointnent with him | |iked himas an individual

I thought he had a rather pleasant personality, a nice sense of
hunor, and he was certainly sharp. He was quite intelligent.
Qoviously he had a terrible tine following in his father's
footsteps. | don't think that he tried to be his father. He was
his own self. That's what pops into m nd right now.

| still occasionally think of exanples of his sense of
hunor. He'd get you in the office, or nmaybe a group in the
office, and he'd ask this chem cal conundrum |If benzene is
call ed benzol, and toluene is called toluol, what's arsene
call ed? [laughter] And I renenber, then he'd tell ne the nanes
of Dow people who weren't anused by that story, or maybe didn't
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even get it. He had these little things Iike that. | think that
was one of his ways of kind of judging people, and it nade ne
i ke him

You asked about the human side of WIllard Dow. There was
sone social gathering out at the country club one tine. He was
the after-dinner speaker, and he told a story about the | ady who
had a favorite pet dog which gave birth to three pups. She naned
t hem Teeny, Weeny, and Rachmani noff. Well Teeny was the teeniest
and Weeny was t he weeni est and Rachmani noff was the pianist.
[laughter] It was sonmething for the president of a conmpany, to
unbend that way and get a crowd wwth him That story was a
tremendous success.

BOHNING Did he have the loyalty of his enpl oyees through that
kind of attitude?

BOYER Oh, | think so, yes. But there was this conflict with
G ebe.

BOHNI NG Did that ever resolve itself?

BOYER No. Well, you see, G ebe was hired by H H Dow. H H
Dow set Grebe up in a laboratory, and he was H H. Dow s nan.
When H. H. Dow passed away here's Grebe working with a | ess
superior, less creative, and less inventive man. | don't think
that Grebe ever personally nade the transference to Wl lard Dow,
and he let it show | think it was that sinple. WIIlard Dow had
the job of witing an article about salt. This was an incident |
remenber quite vividly. It was to be a sem -technical article--
Dow s activity in the field of salt and the inportance of salt to
Dow Chem cal. So he wote an article and submtted the draft of
it to many others, but certainly to John Gebe. John G ebe
proceeded to tear that draft apart. Well, enough said. It
seened to me that | saw the draft fromWIlard Dow. |I'mquite
sure that he had asked ne to look at it. And it was an
acceptable draft for its purpose. I'msure he didn't wite it
hinself. He had people who wote it--that's al nbst a forgone
conclusion. Have you net Ned Brandt yet?

BOHNI NG Tonor r ow.

BOYER Well, the Ned Brandts of that day, they' re PR people, but
smart. Most of themwere chem sts of sone kind or another. But
Grebe proceeded to find one fault after another with it. G ebe
told nme so. Now | think that G ebe realized that he paid for
this. 1 think the fact that M. [Stephen L.] Starks, the
personnel director, didn't want nme working for Grebe already in
1935 was a cl ue.

17



BOHNI NG When you becanme director in 1948, what was G ebe's
position with the conpany?

BOYER  Boundy let himstart up a new | aboratory. He built it
fromscratch. 1t was called the Nucl ear and Basic Research
Laboratory. G ebe was in charge of it, and a nman naned Al den
Hanson was the assistant director. Al den Hanson was a very
creative researcher. He'd also nmarried the daughter of M. [Earl
W] Bennett, which didn't hurt his career any. But, he was
brighter than hell on his own. They had this huge, new buil ding
where Grebe's office was, and that's where he stayed until he
retired. Wiile it was called Nucl ear Research and Devel opnent
Laboratory, it had a |l ot of polynmer stuff in it and general

chem stry and so on. Wo knows why G ebe gave up the Physics Lab

and turned it over to ne. It could have been a very generous
gesture on his part. It could have been his being fed up with
the place. | don't know. He had a genuine interest in nuclear

atom c energy, that's for sure. Anyway, those are the facts.

BOHNI NG You' ve been described as having a |iberal attitude as a
| aboratory research director, primarily when you hel ped produce a
conti nuous process for manufacturing superior inpact polystyrene
during the post-war retrenchnent. How would you characterize
your managerial style at the tinme you were directing PRL?

BOYER: | didn't know that | had this noni ker of "liberal."

BOHNI NG Apparently it at least fit in that one instance.

BOYER | think that | really got that from G ebe. Gebe was an
unusual research director. He was |oaded with ideas. He could
keep a thousand nen or nore going. He could get any nunber of
peopl e goi ng, because his mnd just turned out ideas |like crazy.
But, he also listened to others and he chall enged others to cone
up with an idea that was better than his. He just used to say,
"Well, either you top ne or you do what | say." But he would
general ly never insist unless he got absolutely convinced. |
suspect he got this fromH H Dow, but |I don't know But I
certainly had that attitude, and liberal is a word for it. |

di scovered early on, after | becanme director, that if one of the
troops cane to ne with an idea and I didn't think nmuch of it, and
| fought that idea, that guy would dig in his heels and do it--

undercover or however. \Wereas if | said, "Well, why don't you
try it?", that's the end of that idea because the guy gets
t hi nki ng about it and, well.... So that was an on-the-job

| earni ng situation.
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By and | arge, we had a bunch of pretty conpetent people in
that lab. 1t canme out at the trial on inpact polystyrene that |
had told MIntire | thought going ahead with that experinment,
which later led to rubber-nodified polystyrene and the fanous
Anps patent, was a dangerous experinent because it had the
potential of blowing up on them The next thing I knew, they had
done the experinment and it worked. That was what | thought had
happened. But, of course, it canme out at the trial that | had
actually jolted themto the point where they took a | ot of safety
precautions. These precautions did prove val uabl e because the
runaway polynerization that | had predicted did start, but they
were able to control it.

There is another exanple of one of the things I know I did.
McCurdy cane to ne one tine with an idea for a continuous process
for making styrofoam Well, until then it was a very inefficient
batch process. | thought what he was tal ki ng about nmade sense,
and he wanted to know, "Were do we go from here?"

[ END OF TAPE, SIDE 3]

BOYER In many | aboratories the boss would want to carry that
ball. It takes endless tinme going through all the nachinery.
McCurdy was quite surprised. | said, "Look, you're capabl e of
handling all this paperwork and getting the approvals that are
needed, from managenent and so on. It's in your hands." Well,
he went ahead and did it. He did it better than |I could have
done it. | didn't like details like that. | plain didn't care
for them Well, if this is |liberal managenent, then so be it.
[l aught er]

An even nore outré exanple is as follows. | had an early

interest in a concept of creativity advanced by the French

t heoretician, Henri Poincaré, as follows: The subconsci ous m nd,
working all the time with personal know edge stored in one's
brain, comes up with new conbinations of fact at random

Sui t abl e ones surface in the conscious mnd which has the ability
to recognize a |l ogical new concept. Voila! A creative idea is
bor n.

During nmy period of |eadership in PRL | obtained fromthe
M dl and Pol i ce Department a confiscated slot machine. |nstead of
t he usual apples, pears and peaches, | wote on the first wheel
t he nanes of nononers; on the second wheel the sanme or different
group of nononmers which could be used as conononers; the third
wheel contained additives such as plasticizers, fillers, colors,
stabilizers, etc.

The ganme was to spin the wheels and note if any interesting,
random t hree-conponent conposition seened novel and exciting.
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Vell, | denonstrated ny slot machine before a PRL group of
chem sts, chemi cal engineers and a few physicists. Their
acceptance of ny illustration of the creative mnd concept was
greeted with mld politeness and soon forgotten. | may have
insulted their respective intelligences. Turner Alfrey was to
advocate this sane creative process in the |late 1950s and
recei ved ovati ons.

BOHNI NG Maybe we should talk a little bit about that Executive
Research Commttee, which | think existed from 1949 to 1952. How
do you think that commttee functioned?

BOYER Like any triunmvirate. There was a pecking order which

di scovered early on. Veazey was nunber one, Britton was nunber
two, and | was at the bottomof the totempole. If I had a
managenent type idea which | thought we ought to consider, and
went directly to Veazey with it, he would ask Britton about it,
and Britton would veto it. Well, all right, that happened a
couple of tinmes and | got smart. So I'd go to Britton with it.
Well, he'd say either yes or no. But if it was yes, he'd take it
to Veazey and the thing flew

About that tine Dow had started the use of industrial
psychol ogi sts. They actually hired teans of industrial
psychol ogi sts as consultants. These people wouldn't take
enpl oynment. They wanted the i ndependence of being consultants.

I was so dammed frustrated with that Executive Research Conmittee
that | spent a fair amount of time talking to these people and |

think they saved ny sanity. It was a situation that was desi gned
to drive a younger person off his rocker. That's the sinple
fact. It was very ineffective and nanagenent finally caught up

with it, and just abolished it.

BOHNING Did you neet on a regular basis or was it just
i ndi vi dual neeti ngs?

BOYER  For half a day I1'd cone fromthe Physics Lab to Veazey's
suite of offices, where | had a desk. Britton would do the sane.
We' d be avail able and then we'd nmeet as occasion required it.
We' d pass judgnment on patent applications fromthe Patent
Departnent. We'd neet with patent attorneys. God, that was one
of the dreariest things of that whol e three-year period, because
our conmmittee was asked to make judgnents which should be nmade on
the basis of facts. There was a | ot of wheel spinning. Veazey
was not a manager in the sense of cracking down where necessary.

BOHNI NG Before we nove to your |ater adm nistrative
experiences, perhaps we could go back and look a little nore at
some of the research that you did. Since you left Dow in 1975
you' ve published a | arge nunber of papers. Wile you did publish
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during your Dow years, it was probably at a | ower frequency.
Coul d you descri be your feelings about the contrast in

di ssem nation of information in an industrial setting versus
academ c work?

BOYER. In 1952, Ben Branch, who was then head of the Plastics
Departnent, asked me to join his staff as the director of

pl astics research and devel opnment. This was a very pai nful

deci sion because it neant cutting all ties with the Physics Lab
where | could do research and did do research and kept different
things noving as long as | was over there. But again, | was told
it was nmy duty. So | went to work for Branch in a purely

adm nistrative job of following all the R& activities in the
polynmer field at Dow. It was a challenging, exciting job, and I
was learning all the tinme. | once told Branch | thought | really
ought to have a research man working for ne. He said, "No way,"
and that was it. But, | used to go to research conferences, |ike
t he Gordon Research Conference on polyners, ACS neetings, and
American Physical Society nmeetings. O course, | got into all
that new stuff about Ziegler-Natta chem stry, because Dow
eventual ly licensed those processes. | got to neet [Gulo] Natta
and [Karl] Ziegler and others, so that it was not a stagnant

at mosphere. It was just that | couldn't do nuch publishing. But
a CGordon Conference around 1960 got ne going on a field of
interest that was so challenging that | later wote a | ong paper
on that topic. Al ny witing had to be done in ny spare timne--
at honme, weekends, vacations, whatever. Three and a half years

| ater out cones this hundred page paper which | think | could say
opened up a new field in polyner science. That was done while |
was still at Dow. This is publication nunmber 51 on ny list (10)
and was to determ ne ny career at MM [ M chi gan Ml ecul ar
Institute].

BOANI NG \Wiich area was that?

BOYER Well, it was the dependence of transition tenperatures on
chem cal structure in polyners. It was a |landmark paper. It got
cited by Current Contents as a "G tation Cassic," one of the
nost cited papers in its field (11). It was translated into

Chinese, and it was intated.

BOHNING Is this where your work with [ Robert] Simha began?

BOYER  Sinmha's work goes back quite a bit earlier than that. He
was a Dow consultant. | hired himfor help on practical problens
that had a basis in fundanentals that | wanted to be aware of.

But returning to that particular paper, if you publish one paper
that's a hundred pages |long and pretty significant, it counts as
one paper. |If an organic chem st nakes fifty conpounds that are
honol ogues of sonething, and they are each a page or two pages
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long, that's fifty papers. (I just made this up by the way. |
hadn't thought of it that way before.) But those were | ean
years. Practically everything that |1've done at MM was an

outgrowh of a basic idea in that paper. | just defined a new
field that nobody el se wanted to listen to. |In fact, they have
spent years telling me | was crazy. | guess they're finally

changing their tune a bit. | had an open field to run it. The

experts either said it was wong (this included [Paul] Flory), or
woul dn't touch it. So, if you |look at the publications here,
there has been sone variety to the topics, but the mgjority of
them stemred out of the 1963 paper. It had one key idea in it:
the existence of a transition above T, which | called a Iiquid,
to liquid, transition.

BOHNI NG You were still at Dow another ten years after you
publ i shed that paper. D d you follow al ong those concepts?

BOYER: Yes, | really did, but in a lowkey. | published a
coupl e of papers in 1966 at an ACS neeting. | published a paper
in 1970 that was a follow up and there could have been one or two
little ones in between (12). But when | cane out here and had a
free hand, that's where | decided to concentrate,

BOHNI NG W have been tal ki ng about your nove as director of
plastic research. W should go back and | ook at a few of your

ot her research areas. | have two that I'"'minterested in. One
takes us all the way back to 1946. You had a paper wi th [Robert
S.] Spencer and [Ralph M] WIley on a density gradi ent tube which
al so becane an ASTM nethod (13). Wat was the inpetus for that
particul ar work?

BOYER  Well, the Physics Lab generally was the seat of
excel l ence for both polystyrene and Saran resins. The conmerci al
Saran co-polynmers were predom nantly vinylidene chloride, with a
m nor proportion up to fifteen percent or so of vinyl chloride.
Those two nmononers didn't go together very well. The net result
was that one got a drift in co-polyner conposition throughout the
reaction. The co-polyners species that were nade had a range in
densities. A colleague of mne was interested in that problem
and he was | anmenting one day that there was no conveni ent way of
easily measuring such things as a range in density of particul ate
polyners. H's name, R C. Reinhardt, is naned in patents.

Vi nyl i dene chl oride al ways cane out of solution because of the
crystallinities of its own nmonomer. The stuff canme out as dry
powder, and the polynmer made late in the reaction, having a

di fferent conposition, would come out as discrete particles.

They weren't blended with the initial stuff. Just by grinding up
the product, one had these particles with a distribution of
density.
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| used to read Nature a lot. | read it religiously because
it was a source of lots of newideas. And as this paper would
say, |I"'msure (I haven't read it in years), | noticed a paper by
[K.] Linderstro/mLang fromone of the Scandi navian countri es,
on a density gradi ent tube used in biological experinments (14).
| imediately realized that this would be an answer to the
problemthat my cohort was tal king about. W set up a density
gradi ent tube, and sure enough, it worked. Those pictures in
the publication (13) illustrated how well it worked. W could
denonstrate di fferences between co-polynmers that were made to
have a narrow distribution of conposition and those with a wi de
distribution. It was a sinple thing to set up. It was a sinple
experiment and it gave results. | think it wouldn't have
amounted to nmuch if polyethyl ene hadn't cone along. There were
all the different densities of polyethylene and stuff |ike that.
| think that's really what put it on the map as an ASTM net hod.
It's just that sinple. It was going to another discipline,
totally different and picking up a technique.

BOHNING | also wanted to ask you about styrene. You've witten
ext ensi vel y about styrene polyners in the ACS nonograph, the
Encycl opedi a of Pol yner Sci ence and Technol ogy, and Ray Seynour's
H story of Polynmer Science (15). Dow was the first conpany to
produce styrene comrercially in the 1930s. Wat was the status
of the project when you arrived at Dow?

BOYER  Styrene nononer was al ready being made on a pilot plant
scal e and done by the Physical Research Laboratory. As | related
in that Seynour article, the inpetus was encouragenent from both
Du Pont and the Bakelite Incorporation. They wanted a source of
styrene nononmer. Dow went ahead and (I think that was 1937 or
1938) put up this half-mllion pound a year comercial production
plant. | was certainly around when that was built. Then

Bakel ite was acquired by Carbide which had its own nononer
process. Du Pont did a market survey that said that styrene
woul d never get anywhere. Al of a sudden our market dropped to
nothing. | found, in sone of those historical searches, an order
fromDu Pont for five thousand pounds of nononmers. This was in
the late 1930s. They were deadly serious about it in research
and got cl obbered by the market research people. That's the
status of it. | think the facts in that Seynour story are
certainly the way | renenber them

BOHNI NG As a physicist, how were you first involved with
styrene?

BOYER. Through the light and heat stability of polystyrene,
started by ny i mredi ate supervisor, Dr. Matheson. Polystyrene
exposed to sunlight would devel op col or and haze. | know we set
up a haze neter that was devel oped at the Bureau of Standards and
sonme very primtive photoneter that woul d neasure the
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transm ssion of polystyrene after exposure to sunlight at three
di fferent wave lengths. | think that was it--red, green, and
blue. O course the blue was getting absorbed nost rapidly by
the yell ow col or which devel oped. Those were the sinple tools of
interest to a physicist.

Dielectric properties were another thing. That was at one
poi nt believed to be the big market for polystyrene radi o sockets
and the electronic industry generally. W were nmaking dielectric
neasurenents in the lab there. These were good legitimte
physics problens. Later on, it turned out that the styrene
nmononmer colums woul d plug up periodically with cross-Iinked
gels. By that tinme | was aware of the Flory-Reiner theory of
gelation. W had experinents going, and | published a paper with
Spencer (16). But | was in the mddle then of trying to solve
what caused the gelation in the styrene distillation colums.
Now t hat was an internal report that never got published. But it

occupied ne for a couple of years. It nade a fascinating
probl em
BOHNING | think | read that when those col ums plugged, they

literally had to be shut down and the contents chopped out.

BOYER  That's for sure. | wote an internal report for Dow on
styrene columm plugging. Another thing that we di scovered was
that the discoloration of polystyrene in sunlight was directly
proportional to sulfur content in the polystyrene and that sul fur
was follow ng through fromthe distillation because it was the
first very effective inhibitor to be used in stills. As a result
of that, we got styrene production personnel to switch over to

ot her non-sulfur inhibitors. That was a case of going from

physi cal measurenents of discoloration, going back through

I nfrared and el enental analysis, tracing the sources of the

di scol oration, and then back to the stills and practices of
distillation.

BOHNI NG  Where did you stand in what you terned the ethyl
cel | ul ose- Sar an- pol ystyrene controversy?

BOYER Well, | was totally on the outside but partial to the
Sar an- pol ystyrene advocat es.

BOHNI NG Was this before you were involved as director of the
| abor at ory?

BOYER  Yes, before and after. | renmenber we'd have contact with
the chem sts in the cellul ose group so that on a personal |evel

they were always lording it over us poor polystyrene guys and the
Saran guys. | think | said sonewhere that we used equi pnent that
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they had in the Cellul ose Lab, extrusion equipnent and stuff |ike
that, which we could not afford. The cellul ose project was a pet
of Wllard Dow. It was a kind of a friendly rivalry.

BOHNI NG We had tal ked earlier about sonme rivalry between the
PRL and the ORL. At one point, PRL was follow ng steam cracking
of ethyl benzene, while ORL was | ooki ng at side-chain

chl ori nati on.

BOYER  That's right.
BOHNI NG Was this typical, to have this kind of conpetition?

BOYER Yes. |I'mtold it was encouraged by H H Dow. He felt
that it's one thing to devel op sonething inside of Dow, but Dow
is not the world. Once you get into the outside world with a new
process, then you've got to be sure of conpetition. So he
actual ly encouraged this thing. That was one of the things which
| encouraged as director of plastics research, conpeting
processes for making | atex.

For instance, one was run by research and the other was run
by production. Production people solved production problens and
the research people canme along with new twists. Once the noney
peopl e took over at Dow, that was one of the first things they
killed--that duplication of effort. | guess that's the reason
mentioned it. Wen Dow Chem cal Conpany broke up into these
busi nesses, and you had a busi ness nanager who was responsi bl e
for a narrow |line of products--boy, he used to sob to ne about,
"Way this duplication?" Those were expensive pilot plants. Half
amllion dollars a year. As a profit-m nded nanager one coul d
understand it. But, Dow killed the goose that |aid the gol den
egg. | think there's no question about that.

BOHNI NG Sone of your witten conments about m ddl e and upper
managenent are not al ways the nost favorable. Wat changes do
you think woul d make that relationship between managenent and R&D
nore productive?

BOYER | don't know. The fellows tell me nowit's been getting
worse. It's worse than it's ever been. At one point, managenent
said, "Let's set aside a block of noney for new venture stuff.
That noney doesn't get judged by these business-nm nded people
with current products.” Well, the first thing you knew, they
were after managenent, saying, "Look, if you've got that noney,
why don't you give it to us to spend?" That's what happened.
Now, | think it's a universal problem
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My under st andi ng of managenent's side, circa 1968-1970, is
cited. Attorney Janmes G WIIlians, a nmenber of Dow s Board of
Directors and al so manager of the Plastics Departnent after
Goggin, would reply, when I was ranting at himabout nanagenent's
negl ect of research, "Ray, please keep in mnd that the
profitability on | arge volume products is nmuch | ower today
because of conpetition (circa 1968) than it was when profits from
caustic soda supported styrene and pol ystyrene until styrene
itself becane profitable" (not exact quote). | had to agree.

O course, | personally recalled that in nmy early days at
Dow there existed in isolated spots, nostly production
"l aboratories,” activity by individuals which resulted in
patents, new products, better processes. It was not necessarily
recogni zed as research until the bean counting began.

Mor eover, even | arge chem cal conpani es cannot escape the
views of prom nent financial conpanies who can and do recomrend
the sale or purchase of each conpany's stock, conmon or
ot herwi se. An esteened financial analyst recently (Spring 1991)
commended Dow Chem cal for its partnership with Merrill Drug
(itemin Mdland Daily News). Wether for that reason or not,
the price of Dow conmon pronptly went up with the nmarket.

Fi nanci al analysts tend to be critical of the unpredictable
cyclic nature of chemi cal and plastics products. They prefer the
rel atively dependabl e and expandi ng sal e of drugs, consuner
products and such. No current managenent group can ignore this
factor which already existed in the earlier years. For exanple,
President WIllard Dow was told by Wall Street, circa 1948, that
Dow Chem cal was spending too nmuch on research. One of ny first
unpl easant duties as director of the Physical Research Lab was to
di scharge sunmarily, with notice, ten percent of ny staff. At
that tinme the nost vul nerable group was the recently enpl oyed
hourly workers who were governed by the union priority system
Dow di d di scharge sone sal ari ed col | ege graduates who were not
perform ng to required standards.

A second such incident occurred, circa 1958, when Dow
managenent, with an eye on profits, ordered a ten percent across
t he board budget reduction in all departnents, including
resear ch.

On that occasion Turner Al frey, as manager of the Polyner
Research Laboratory, offered to resign for two reasons:

A He could readily find enploynment el sewhere as a
prof essor or researcher,

B. H's salary as director nore than covered a ten percent
budget cut.

| spent an anxious three hours on Saturday of Menorial Day
weekend trying to persuade Turner that such an action would hurt
his staff and that the ten percent reduction could be readily
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achieved in other specified ways. Alfrey reluctantly agreed--"a
man persuaded against his will," resulting in such subsequent
cooperative projects for Dow as nulti-layer film rotational

i njection nolding, Zetabon and many ot hers, plus nunerous
publications, many of themjoint with Turner.

Incidentally, C. B. Branch, as nanager of the Plastics
Departnent, approved (as ny superior) of ny action on this group
which reported directly to ne.

[ END OF TAPE, SIDE 4]

BOYER | stew about that problem | tell nyself, after all I'm
a stockhol der, that | ought to go to managenent and just tel
themwhat, in nmy opinion, is going on. | nmade such a pitch to

m ddl e managenment in 1963. That's a story that's never been
published. That's a dilly. | spelled all this out. 1In the

begi nning there was one cash register at Dow That was up in the
main office and it was run by H H Dow and E. W Bennett.
Caustic supported styrene and pol ystyrene, and Saran and Et hocel,
no question about it. As long as the total profits were good it
was fine. But when they broke up into ten to twenty cash

regi sters and each one had to make a profit, that was the end.
don't think you can cure nodern nmanagenent of that habit. Dowis
comng up with new products all the tinme in the research |ab

But when they take it to nanagenent they do a market survey right
away. There's no market for that. |It's not Dow, it's Du Pont,
it's 1Cl, it's everybody. So, | think it's hopeless. Please
note that | retired fromDow in 1975 and I do not know subsequent
events. But | still hear gripes.

BOHNING | read sonmewhere recently that the old Dow style was to
create a new nol ecule and then to go out into the marketplace to
find a potential use, but that the new Dow does not have the
devel opnent of products take place in a vacuum but listens to
what the custonmers want and then conmes back to research. Does

t hat nake any sense?

BOYER In principle yes, with many exanples, nore recently | ess
so. Mst anything that's said by nmany nmenbers of Dow m ddl e
managenent for publication, nmay not reflect events at the
research level. Now I've seen it happen. Research people don't
and shouldn't get to talk to journalists. And the guys in top
managenent are isolated from m ddl e managenent about the facts of
life. | feel pretty strongly about it, and the record shows that
no new products are coming out. It's nmuch easier to buy a
successful business and add it as an increnent to your operation.
You don't meke many m stakes that way. | was responsible for Dow
losing, I'd say, a mllion dollars on radiation chemstry as the
way of the future. | was a hundred percent wong. But in those
days, Dow permitted people to nake m stakes, and people did make
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m stakes. | wasn't the only one who | ost such noney. That's the
spirit that's gone.

Vell, I've told the styrene nononer story in that Seynour
article, but |look at something trenendously successful at Dow
like latex for paints and paper coatings, rug backing and all.
Dow really pioneered that. The research people came up with this
sequenti al pol ynerization of styrene and butadiene. 1t |ooked
i ke a good cable insulator. Dow got noney to build a plant
during the wartine. By the tine the plant was built and running,
pol yet hyl ene canme along. That plant was idle, and sone chem sts
said, "Let's make sonme latex products in it. Not sequenti al
pol yneri zation, but co-polynerization with styrene and
but adiene.” And they did that. Soneone di scovered these co-
pol yners in the conposition range (not the styrene-butadi ene
rubber range) up around forty percent styrene or nore, were film
form ng and gave tough, strong filnms. And that was the styrene-
but adi ene | atex paint. It started right here in Mdland as a
non- pl anned sequence. No custoner told anybody what to do there.
But once the chem sts, the creative chem sts, realized that here
was an interesting phenonenon, then Dow went to didden and the
two of themtogether put |atex paint on the market. Any
managenent guy who tells nme that that was doi ng what the customer
want ed--wel |, that gets you small things. Recall the styrene
nononer story: it was started in the Physics Lab by one nan,

[ Robert R ] Dreisbach, and backed by G ebe, even |ater by
President WIlard Dow who published his views in the styrene
story.

| know damm wel| that GE cane to us at one point when their
Noryl was new, and they wanted a special inpact polystyrene to
t oughen Noryl. Dow managenent said to them "W can't be
bot hered. That's small potatoes,” and turned them down. Anot her
conpany in New Engl and, Foster Grant, accepted the chall enge and
it turned out to be a hundred mllion pound a year business. So
I lived through these things. | think nmaybe 3M operates a little
bit nore along that style because they're tailoring products to
specific needs, but that's not what nade Dow bi g.

BOHNING But if you tailor products to what the customer wants
you're really making nore of a nodification of sonething that
exi sts rather than noving into sonething that's totally new.

BOYER. Well, sure. |In this case of GE, few could have
anticipated that Noryl was to be an engi neering pol ynmer of
preference, that and pol ycarbonate. So, there went a hundred
mllion dollars of something we could do as well as, or maybe
better than, someone else. A mddle nanagenent person says,
"We're going after the big custoners. W don't want any of this
kid's stuff.” O course, they antagoni zed General Electric.
Wll, it's a sad story. As | said in nmy anecdotal history,
styrene wasn't planned, it happened--then nmanagenent let it
happen, until synthetic SBR el astonmer put it on top.
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BOHNI NG You nade the comment, | think in the Seynmour article
that there were nunerous irreversible changes at Dow bet ween 1935
and 1963. Do you care to coment on that, in keeping w th what
we' ve just been tal ki ng about ?

BOYER Well, | think the two changes that had the biggest effect
are the single cash register up until about 1965, and fi nding
that internal conpetition was too expensive. Going froma single
cash register to multiple cash registers or so-called profit
centers, that was a serious blowto research. And then there was
the lack of planned internal conpetition, sponsored internal
conpetition, again on the grounds of econony, the profit centers
and so on. | guess I'mstarting to heat up here a bit. 1I'd
better watch myself. [laughter]

BOHNI NG Around 1969 there was anot her reorgani zation, and you
becane director of U S. Area Research and Devel opnent in Pol ynmer
Sci ence.

BOYER: That was w ndow dressing. | was being kicked upstairs.
"Il tell anybody who listens. It's a high-sounding title that
is totally meani ngl ess. The young turks were taking over and
they didn't like ny style of nmanagenent of research. And

didn't care to adopt the new style. The new style was know ng
every fact there is to know about any given project, having it on
instant tap so you can tell your manager about it. So, this is
managenent. You know everything. And nanagenent says, "Cee thi
guy is good. He's right on top of everything." That, |I'm afrai
In my experience, is not where success lies. But there was this
| arge group of young fellows who could and did do that. That's
not ny style. You know, Oscar WIde once defined a critic as a
guy who knows the price of everything and the val ue of nothing.
[laughter] | don't know if you've ever heard that one.

S
d

BOHNING No, but it's very appropriate.

BOYER | hadn't thought of that particul ar anal ogy before, but
it's true. And the fell ow who appointed ne to this high-soundi ng
position was Julius Johnson. | don't know if you' ve run into

that nane. He succeeded Boundy as vice president for R&D. He
was a guy that didn't know what research was all about. But he
had conduct ed the narket devel opnent on Tordon, and ot her

chem cals like that that got used in Vietnam and Dow was m nting
noney fromthemlike crazy.

BOHNI NG What was hi s background?
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BOYER He was a biochem st. He studied under [WIliam C.] Rose
at Illinois and was a dammed conpetent man, but he had never been
on the firing line in research. Shortly after he got ne out
there to work with himand gave nme this high-sounding title, he
got booted out as director of research, when the Texans took
over. They realized he didn't know A from whatever about actua
research, and he was through. He got put on the shelf, too.

BOHNING In 1972, you becane the first Dow Research Fel |l ow.
What did that entail?

BOYER Well, it was a nice honor w thout obligations. And
judging from peopl e who have subsequently been appointed to the
same thing, it was really a select group at Dow, and | was

certainly honored by it. It was a newy created way of doing
sonet hing for outstandi ng peopl e whose career had been in
research. |'m pl eased about it.

BOHNING Did that give you nore opportunity to continue sone
research work?

BOYER It didn't nmean anything. It was just atitle.

BOHNING  You cane to MM in 1975. Judging fromyour |ist of
publications, that's where a | ot of your research interests
started to bear fruit.

BOYER Yes. | think it's sort of like striking a nother [ode in
a gold mne. (This refers to T,,.) Here was this sinple, basic

I dea that the experts said was wong (Flory in particular, but he
had | ots of conpany). Wen you have a whole field to yourself
anynore, it's alittle unusual. | still have ny fingers crossed
how right I was about it and so on, but |I'm gaining nore
confidence as tine goes on. O course, | will want out once the
"real" polynmer experts take over. | don't say that in any
derogatory fashion. | don't know if you' ve ever heard the
anecdot e about a coll ege professor who was | ooking for post-docs
or even graduate students. One of his coll eagues at anot her
school said, "I recomrend so-and-so because, when he says
somet hi ng about a project, that's the |ast word on the project.”
And the professor answered back, "I'm |l ooking for sonebody who
can say the first word."” [laughter] |[|'msure you' ve heard this
concept. | think I would have to say that ny whol e career has
been largely in saying the first word on sonething. Then the
experts take over, and that's fine. That's the way it should be.

They say the last word. | think this is an apparent success here
at MM, and | hope it's real with all these publications and so
on. |'ve just had a field day being able to say the first word.
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| made it easy.

BOHNI NG  On several occasions, you were invited to | ecture at
the Soviet and Polish Academ es of Sciences. How did these
i nvitations originate?

BOYER Well, ny wife and | would go to the I UPAC neetings for

t he polynmer group and we got to nmeet the international comunity
quite well. W very, very gradually struck up a feeling of

mutual trust with sone of the | eading Soviet scientists in the
polyner field. The initiative for visits came fromthem | went
to an 1 UPAC neeting in Moscow in 1960, but this | ater phase
started certainly while I was still at Dow and could afford to go
to all these neetings in the late 1960s and early 1970s.

BOHNING Is there any one person that was instrunental in
getting you these invitations?

BOYER Well, | think it was Nicolai Platé at Mdscow University.

He was one of the several heirs to [V.] Kargin in the Soviet Union,
but he was perhaps nore personable and outgoing and gregarious than
some of the others. He had the |anguage ability, too. | think
that one has to recognize that those people were over here | ooking
for invitations, and I'msure that | was a conduit to a | ot of
that. 1 never |ost sight of that because the CIA was after ne
after any trip abroad. 1'd have a succession of visitors and |'d
get punped. So one had to assume it was going on on both sides.
think ny wife and | got accepted by them She's a very personable

young lady and friendly and tal kative and so on. | would say that
she did the work. They didn't want ne, they wanted to get Peggy
over. But they have to take nme along with her. (Well, you know
that's a joke.) | once sent a Dow plane to a Gordon Conference in

New Hanpshire to pick up Platé and bring himto Mdland, and the
Dow pilots flew himover Niagara Falls. Hell's bells! The
Russi ans coul dn't do enough for us after that. W got trips to
Thilisi, Samarkand, Leningrad and all over for free.

BOHNI NG You were also in Poland once

BOYER Yes. Well, the man there, [Marion] Kryzjewski, had been
comng to the States for a long tine. He had done a postdoc at
Brooklyn Poly and that's where | first got to know him He
invited ne through the Polish Acadeny of Science.

BOHNING | have a nunber of nanes I'd like to nention and see if
you'd care to comment. W' ve already tal ked about a few of them
But, there are two nanes that aren't on nmy list that you did
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mention earlier. You said you d net both Z egler and Natta.
What were the circunstances?

BOYER Well, in each case, Dow was considering patent |icensing,
and did get a Ziegler license directly from Professor Zegler
since he handled all of his own business arrangenents. So, a Dow
group of us went to Mil heimand net Ziegler and his whol e staff.
In Natta's case, one had to deal with Montecatini, but if you
went there to Mlan, you were invited to Natta's laboratory. So
those were the circunstances. Natta, of course, came to this
country and | ectured at Brooklyn Poly. | heard himthere, but
had no further personal contact.

BOHNI NG The other nanmes that | have are those that you were
associated with at Dow. Let me just nention sone of them Maybe
you'll have others to add. W talked for the nost part, about J.
J. Gebe and WIIiam Veazey, unless you have anything el se you
wanted to add about either of them \What about Ray Boundy?

BOYER  Well, of course, | had a | ong association with Boundy,
because he was assistant director of the Physics Laboratory when
| joined it. Then he was put in this styrene program toward the

end of World War 11, and that took himout of the Physics Lab.
Fromthere, he went to being director of research in 1952. For
any of ny research activities, | had to sonehow work with him

That was a |long and very pl easant association. O course, we
were co-editors of the Styrene nonograph (15a). He supplied
policy decisions and | did the technical side.

BOHNING W I Iiam Goggin?

BOYER | think he joined the Physical Research Laboratory around
1937 with an MS. in electrical engineering fromthe University
of Mchigan. He went off into managenent in the war period to
technical service in the business side of the plastics effort.

He | ater then becane head of Plastics Technical Service and stil

| ater (1964) he succeeded Branch as head of the Plastics
Departnent. | worked for Goggin for I've forgotten how nmany
years, until he went over to be president of Dow Corning. | had
close to a fifty-year association with him He's on our board of
directors here at MM so | still see him (He died of cancer
about 1988.)

BOHNI NG  Sylvia Stoesser. She was the first woman in Dow
research. | noticed you acknow edged her in that article for
Seynmour' s book too.
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BOYER Yes. Her nane is on the Styrene nonograph because she
hel ped out a lot on that. She's a very conpetent chem st. She's
still alive. | saw her about a nonth ago.

BOHNING That's something else | need to ask you about and that
is people that you think we mght talk to. W can do that a
little later, but you m ght keep that in the back of your m nd.
Bobby Dreisbach. | guess a | ot has been said about him

BOYER A lot has been said and it's all true! [laughter] |

i nherited hi mwhen | took over the Physics Lab. He was a real
nut. But he introduced styrene nononer and the steam cracking
met hod of producing it.

[ END OF TAPE, SIDE 5]

BOYER  Who's next on your list?

BOHNI NG Ben Br anch.

BOYER. He was a man of outstanding ability who, in ny opinion
certainly deserved to go right up. He was executive nmanager of
Dow Chem cal, executive general manager and he was president of
Dow I nternational and then he was president of Dow, chairmn of
the board and so on. He had one of these renarkabl e nenories

t hat renenbered everything you ever told him Well, nearly
everything, if it was inportant. He had pretty nuch instant
recall and trenendous association of different things, people,
events and so on, which nade himquite an effective manager.

have not hing but the highest regard for him | worked for him
for seven or nore years. It was a wonderful association. He was
extrenmely conpetent. He had consideration for his people. He is
now retired for sone years (1981). He maintained hones in

M dl and; Houston, Texas; and Marbella, southern Spain for nmany
years.

BOHNI NG  We've tal ked about E. C. Britton already. | don't know
If there's anything you wanted to add.

BOYER. No, | don't feel qualified too nuch to judge hi m because
of nmy lack of background in organic chem stry.

BOHNI NG  Larry Anos
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BOYER  Anpbs was a very good chem cal engineer. He was a person
who knew how to do things. He could solve the nmaze probl ens at
Dow and did sol ve the maze problens, including getting along with
top managenent and getting his ideas into comercial devel opnent.
So, he was very capable. | think he wanted to be director of the
Physi cal Research Laboratory, and | think he felt very frustrated
when upstarts |i ke Boyer cane along and took over. | don't

consi der nyself a manager, but 1'd say that he was even |ess so,
except when it cane to picking people at the bench to do jobs and
get jobs done. Things really happened with him

BOHNI NG Robert Spencer.

BOYER  Spencer was ny full-tinme technical assistant. W
certainly published enough together. He always carried his share
of the load on that, and then branched off on his own and turned
out some very nice work at Dow. Somewhere along the |ine he was
done with research. | never knew why, but he got off then into
conputers and into managenent jobs, and |'d say ended up far
bel ow his research capabilities and perhaps even his intell ectual
capabilities. He died about two nonths ago. He was only in his
sixties. (This was late 1986.)

BOHNI NG The last person | have on ny list is Turner Alfrey.
BOYER  Well, have you seen the green book (17)7?
BOHNI NG Yes.

BOYER | couldn't top that. [laughter] | wote a |lot of that,
and believe it all. | think he's the only person in research
that | really mss, in the sense of going back and saying, "GCee,
I wish Turner was around. 1|'d take this problemto him" He
coul d hel p anybody and everybody who ever canme to himwth a
problem | once hit himwth a problemduring |unch hour with
others. He thought about it and soon gave ne the answer.

Here is a nore extrene exanple: | wanted to construct for
| ecture purposes at MM a polystyrene tuning fork for
denonstrating one fundamental difference between polystyrene and
steel. | recalled that the key factor was nodul us/density which
I's about the same for each material. But | could not recall the
exact equation. | bothered Turner, who didn't renmenber, but he
eventual |y derived the exact equation from principles of
mechanics. | then recogni zed his solution as the one | once
knew. The denonstrated difference presented to audi ences was
sinple. A steel tuning fork (say mddle C) would vibrate for a
m nute or nore. A polystyrene tuning fork designed for mddle C
vibrated for a few seconds because of internal energy absorption.
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| also had tuning forks fromother polyners and nmaterials such as
pol ycarbonate, glass, etc. Each had a characteristic pattern.
denonstrated that a polystyrene fork at dry ice tenperature

vi brated several tines longer. | hinted (with tongue in cheek)
that PS tuning forks m ght be sold to Eskinbs. Then | introduced
the hard science of dynam c nmechani cal analysis. The tuning
forks were | ong renenbered.

BOHNING M | ast page of notes says "summing up."” Do you have
any general comments about what you have seen happen in your
career, changes you've seen, what the future mght hold for
anyone starting out today?

BOYER  Not right off hand. | would have needed | ots of warning
on a thing like that. I'mreally so deep in research now that
think it. | wake up with it in the norning. I'min the mdst of
all these problens, and | don't read anynore, | don't ponder
things that woul d be responsive to your question except in a kind
of a fleeting sense.

There's no question that | joined Dow at a kind of gol den
age in Dow where | coul d devel op according to ny own personality
and drives and interests, with a mninumof interference. |
shudder to think what woul d happen to ne nowif | were joining
Dow as Ray Boyer at the grassroots level. It's not idle
specul ati on, because | get to neet sonme of these younger people
and | don't think I ever was or am now or ever would be the kind
of person who's in demand wi th nodern managenent. |'m sure that
Dow wi | I survive and get along and that people will have
successful careers, but they're not going to have science careers
unl ess they get out of Dow and other |arge conpani es because
noder n managenent doesn't want that. They can only see the
dol l ar sign. Research people fromDow don't cone out to synposia
at MM unl ess they can see a dollar sign on the subject matter.
| have been told that. A non-Dow research manager has comented
recently and privately to a Dow research nanager about the | ow
visibility of Dow researchers at key neetings (CGordon
Conf erences, ACS, | UPAC, etc.) as well as the poor showing in
publications (added in 1991). Gone are the days, | amtold by
many outsiders, of the Turner Alfreys, etc., etc.

BOHNING Is there anything else that we haven't touched on that
you' d like to comment about? |If not, 1'd Iike to thank you very
much for an extrenmely fascinating norning and for sharing your

I nsi ghts and your observations and your experiences.

[ END OF TAPE, SIDE 6]
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| NTERVI EVEE: Raynmond F. Boyer

| NTERVI EVER: James J. Bohni ng
LOCATI ON: M chi gan Mol ecular Institute, Mdland, M chigan
DATE: 19 August 1986

BOHNI NG Dr. Boyer, you have nentioned that there was anot her
Ray Boyer for which there's a very fascinating story. Can you
tell me about that?

BOYER | first heard about a Canadi an chem st by the nane of
Raynond Boyer when there was a newspaper article published with
phot ograph saying that he had been giving Canadi an warti ne
secrets to the Soviets [see followi ng page]. Sone of the details
are given in that particul ar newspaper account, which appeared in
1946. Even ny aunt in L.A saw the picture in the L.A press and

was convi nced that "my Raynond” was in deep trouble. | never saw
any nore about it and had pretty much forgotten the entire
i ncident until | went to Europe in the spring of 1952. It was ny

first trip abroad and | sailed on the Dutch ship, the New
Ansterdam W had a wonderful tinme and | thoroughly enjoyed al
the people | ran into. | then had to | eave the boat at

Sout hanpt on, while the boat went on to Holland. W transferred
to a tender after going through custons on the New Ansterdam

I mm gration seened just a formality because people were goi ng
through the line as fast as they could show their passports and
get them stanped. O course, this was British Immgration
Ser vi ce.

But when | came up, | could see that there was sone del ay,
sonme hesitation about me, even sonme consultation anong several of
them and | was asked to step out of line. | was thoroughly
puzzled by this at the tinme. After we got on the tender, | was
asked to sit up in the very front deck seats (they were benches,
as a matter of fact) with a man who said he was from Scot | and
Yard. Wthout expl aining why, he began interrogating ne about ny
background. The main thrust of it seemed to be connected with ny
record as far as going into Canada was concerned. O course,
had been to Canada many tinmes because The Dow Chem cal Conpany
had a production plant in Sarnia and offices in Toronto and I
knew a nunber of the Dow Canada people and sone Dow Canada
scientists. | had even gone to Canada one time to give a lecture
on glass transitions in copolyners. So, | faithfully related
these different experiences without hesitation and at first
wi t hout any clue of where this was all |eading.

But then, sonmetine toward the end of the interview, and
apparently fromthings that were said, or questions asked, |
began to get the connection with the other Raynond Boyer. It was
alittle bit upsetting. |In fact, quite a bit upsetting, to have
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MONTREAL, March 26.—(UP)
«Dr. Raymond Boyer, assistant
professor of chemistry at McGill]
University, acknowledged in court
i{oday that he had given one of
Canada’s top war secrets to Fred;
Rose, Communist member ofj
Parliament, for transmission to!
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a thing Iike this happen on ny very first trip to Europe. |
proceeded to London by train and registered at the Dorchester
Hotel. | was so upset that as soon as | could get established in
the hotel room| went down the street and wanted to wal k across
the street to visit the Dow Corning offices, which were just
twenty or thirty feet away fromthe hotel, on a side street. |
knew sonme of the English representatives of Dow Corning, and I
knew t hey had an office right there. | needed a shoulder to | ean
on, because | was absolutely upset. | did talk to one of the
peopl e there who had visited Mdland a nunber of tines. WlIl, he
tended to nmake rather light of the thing and to assure ne that

not hing was really going to happen to nme, and that | should stop
WOr ryi ng.

When | went back to the hotel, there was a very suspi ci ous-
| ooki ng man there, who seened to be taking quite an interest in
me. That further caused ne sone disconfort. But al npst
overnight | pretty nmuch forgot it, and really stopped worrying
about it. Later on, on that same trip, | went on to France to
attend a scientific neeting and give a lecture there, and
eventually stayed in a hotel in Paris. There | was intervi ewed
by sonme official who began asking nme questions about ny
background. It was rather clear that it had to be connected with
t he Canadi an Raynond Boyer incident. But, nothing really
happened and | had an enjoyable first visit.

| then went back to Engl and by boat-train. 1In the first-
cl ass conpartnent, seated opposite ne, were two Anerican | adi es.
| got into a conversation with them In fact, | knew the husband
of one of the ladies. As it turned out, | knew his name through

science and we had a very enjoyable conversation all the way to
Calais. Then we were on the boat for the crossing. Wen we got
back on the train at Dover, | thought | had the same seat again,
but the |adies were mssing. | never saw them again, but sitting
opposite me was a rather distinguished-Iooking gentleman who
seened to take nore than a usual interest in me. W never
exchanged any words all the way to London and | never saw him
again. But | think that there was no question there was sone

kind of surveillance. | always inmagined that they woul d hope
that 1 would try to get away, or that | would do sonmething to
throw themoff the trail. O course | didn't, and I went about
my normal business. | had all sorts of contacts there and the

whol e thing then bl ew away.

A few years later, | was in Zurich and | was visited one day
in my hotel roomby a man who was sonme kind of official of the
police force. He too began questioning me. O course, these
were all well-mannered sessions with no attenpted intimdation or
anything like that. But this man had a trick that | think was a
dead gi veaway. We'd be talking along in English, and he woul d
speak quite understandable English. Then, all of a sudden, he'd
drop sonme French phrase into the conversation. O course, the
Canadi an Raynond Boyer from Montreal was presumably quite capabl e
of speaking French. So, | realized that this was an attenpt to
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trick me. Since | never spoke French in ny life |l couldn't fall
for the thing, and eventually the whol e epi sode passed.

| went to Russia in 1960 for the | UPAC neeting there, the
first one in the Soviet Union. To the best of nmy know edge,
there were no such interviews or anything like that in the Sovi et
Union. In the Soviet Union, | naturally supposed after all, they
knew where he was, and they knew that | was not the other Raynond
Boyer. The whole thing seened to die out until we went to the
| UPAC neeting in Budapest in 1969. M wife and | were sitting in
a restaurant one night. W were in a booth with two other
strangers across fromus, young ladies as | recall. Sonetine
during the neal, a well-dressed nan canme and sat down at our
booth, forcing hinmself in on the two | adies across fromus, and
maki ng things rather crowded. H s excuse was that they were
about through eating. The ladies did |eave and he stayed on
behi nd and tal ked. While we conversed he spoke excell ent
English, but he was Hungarian. It all seemed so natural that |
didn't think anything of it at the time. But one night when |
got back to the hotel there was sone kind of reception for the
newly arrived guests and here was this man. | think his nanme was
Herr Schneider. He hadn't said anything about being any part of
the neeting, but it just seenmed that he was sonehow keeping track
of me. | ran into himseveral times during the neeting that
week. He kept popping up at places where we were, but then the
whol e thing ended like all the others had.

In 1972, | received the Swinburne Award fromthe Plastics
Institute of Great Britain and went over there to receive the
award and present the lecture. Incidentally, the |lecture was
held in the fanbus room at the Royal Society where the Friday
| ectures had been given. It was a social occasion as nuch as
anyt hi ng because a |lot of wives were there. | had anticipated
this and had actually prepared a rather semi-scientific |ecture.
After the lecture, there was a banquet. It turned out that at
the concl usion of the banquet | was expected to nake sone kind of
general remarks. So on the spur of the nmonent, w thout too much
preparation, | naturally thanked the conmttee for ny award, and
nmy wonderful accommobdations in London at the Brown Hotel and the
big suite we had, and everything else. Then |I said that ny
reception this time was certainly far different than it was on ny
first trip to England. | recounted this experience with Scotland
Yard. Well, Cecil Bawn was sitting at the head table and as |
was telling this story, he was nodding his head. It turned out
t hat he knew t he Canadi an Raynond Boyer, because Cecil was in
expl osi ves work during the war. |In that connection he got to
neet this professor from Mntreal who was al so in expl osives. He
said sonething to me across the table while I was still on ny
feet, and | said, "Well, Cecil has just confirned ny story about
t he exi stence of the other Raynond Boyer." [l aughter] Ceci
believed that this man had in fact betrayed these secrets as the
newspaper had stated. So that was the end of the story.

BOHNING Do you know if this other Raynond Boyer stayed in
Canada?
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BOYER Yes. A visiting professor, Dr. P. L. Kumer, SUNY,
Fredoni a, New York campus found on the current journal shelves at
MM a copy of a Journal of Chem cal Education review article
dealing with wartine research on RDX, an explosive (18). [See the
foll ow ng page which shows a conposite fromthe franed
arrangenment which now resides in Boyer's office.] In it were an
artist's sketch of Raynond Boyer and a brief biography. He did
go "to prison for sone years." "He now lives in retirenent.”

This makes it clear that the Raynond Boyer of this interview
was needl essly harassed in several countries except the Soviet
Uni on.

BOHNING Is there anything else that we should tal k about? |
had indicated that I wanted to talk to you about Paul Flory and
you' ve got nost of that docunented in your other files. Wuld
you recount for nme again the story of the European neeting when
you were giving the paper and he was chairing the session?

BOYER Yes. | had been invited to the University of Manchester
for a several -day synposiumin the spring of 1970, as an invited
speaker expected to give a one-hour |ecture on a subject of ny
choice. The subject matter that | tal ked about that day was an
outgrowh of nmy review article on nultiple transitions in
polyners (10). That had nade quite an inpact in England. On
this particular norning that | spoke there were two ot her
speakers. The first was Professor [G] Rehage from d austhal in
West Germany, and speaker number two was Dr. John Hof f man, who
was then at the National Bureau of Standards in Washington. |
was the final speaker of the norning, and of course I was then at
Dow Chem cal Conpany. Rehage gave a lecture on the

t her rodynam cs of the glass transition, a topic which he had
publ i shed on before and tal ked about before. It was quite an

el egant lecture. It was the sort of thing that Flory liked to do
and the kind of thing that Flory hinmself would tend to do when
tackling such a problemw th rigorous thernodynam c

consi derations. Hoffman tal ked about sone of his dielectric
studies, particularly the alpha transition, which is a pre-
melting kind of transition for which he and [J. |.] Lauritzen
were wor ki ng out the theoretical concepts. The main part of ny
| ecture was concerned with the nultiple transition behavior of
atactic polystyrene, which | had been studying in great detail
for about five years. That pretty well took up nobst of ny
allotted tinme.

Then | said | wanted to discuss a subject very briefly, one
whose inplications |I didn't fully understand, but it concerned a
rule of thunb for which | had made a certain reputation, nanely
to the effect that the glass transition tenperature for many
pol yners seened to occur at about two-thirds of the nelting
tenperature, when both tenperatures were expressed in Kelvin.
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WHICH RAYMOND BOYER DO YOU KNOW?

The Political Aftermath

A Soviet technical mission to the United States in Augqust 1943
made enquiries about RDX, and a year later (8 August 1944) two
soviet experts (B. Formin and P. Solodon) visited the Shawinigan
lant in Canada. It is not clear how much they learned on this
ccasion.

In September 1945 Igor Gouzenko, a cipher clerk in the Soviet
_embassy in Ottawa, defected with a mass of documents which
.indicated the existence of a Soviet spy network in Canada. A
_number of Canadians and Britons were arrested, and several were
_brought to trial on the charge of releasing secret information.
one of these was Raymond Boyer, professor at McGill University
(see Fig. 3), who along with J. H. Ross had supervised several
graduate students (including the author of this article, Ph.D.
1942) in research on RDX. Boyer was identified by Gouzenko as
"The Professor," a code name for one of the agents in the
network organized by Col. Zabotin of the Soviet embassy.

At Boyer's trial it came out that the Soviet technical mission
of August 1944 had contacted Fred Rose, a Member of Parliament
belonging to the Labour-Progressive Party (the successor to the
Communist Party of Canada, which was banned early in the war) .
Rose in turn had contacted Boyer in an attempt to learn details
of the Shawinigan RDX process. Boyer gave Rose some details, the
most important being that acetic anhydride was used. Boyer did
not deny these allegations but claimed that the technical details
were trivial or common knowledge.

The first trial ended in a split jury. In the second trial
George Wright testified on behalf of Boyer. However, the latter
was found guilty and went to prison for some years. After coming
out he became a criminologist, worked as a Research Associate in
the Institute of Forensic Psychiatry of McGill University, and
wrote one book about his prison experiences and another on crime
and punishment in Canada under the French regime, before the
British conquest. He now lives in retirement.

We may note that after May 1945 the Russians probably knew
everything of practical importance about German processes for
making RDX through their occupation of eastern Germany, and hence
any information transmitted to them in August 1944 had only
fleeting importance.
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poi nted out that after | had published several papers docunenting
this finding, | learned that Charles Bunn, who was then in the
research |l aboratory at 1Cl, had predicted such a relationship
sonme years earlier, in fact around 1952 (19).

[END OF TAPE, SIDE 1]

BOYER. | had never been aware of his book since it had to dea
with textile fibers, which was then of course a subject of great
interest to ICI. | then proceeded to present the evidence which

| thought supported this concept of Bunn. What Bunn said in 1952
was that there is long-range order in the crystalline state and
that the nelting phenonmenon signifies the breakup of that |ong-
range order. But there is short-range order at the gl ass
transition and that short-range order breaks up in the anorphous
state, but since the order in the glass is of nmuch shorter range
than in the crystal, the glass tenperature should be | ess than
the nelting point. So he had sinply predicted an experi nent al
fact which was di scovered i ndependently by nyself and al so by
[Ral ph G ] Beanan at Du Pont. | presented evidence for various
pol ystyrene derivatives which seened to support the Bunn

hypot hesis. This whole thing was a mnor part of mnmy |ecture and
| asted at nopst ten mnutes. It was designed to do that.

Flory was in the chair, although he had nothing to do with
the selection of the speakers. After ny lecture it was the
chairman's duty to nmake sone comments on the lecture and try to
get a general discussion started. There had been discussion
after each of the three talks. He had very kind words to say
about the brilliant |ecture given by Rehage. He was sonewhat
anbi val ent about Hoffman's |ecture but it was pretty clear to ne
t hat Hof fman was not getting the royal treatnent that Rehage had
received. O course, | had |long been aware of the feuding
bet ween [ Leo] Mandel kern and John Hoffrman fromthe period when
Mandel kern worked at the Bureau of Standards. So | just ascribed
these comments to Flory trying to protect one of his own graduate
students. Then Flory began discussing ny lecture. | can't
remenber a single word he said but it was quite obvious that it
was a pretty scathing rebuke for sonmething or everything that I
had said. | was thrown into a status of sem -shock by this
unexpected outburst. | renmenber Professor [Leslie] Trel oar
com ng down front afterwards and saying to ne that Flory didn't
understand what | was tal ki ng about, otherw se he woul dn't have

made such comrents. Well, | was pretty m serable about the whole
t hi ng because | thought | had organi zed a very good | ecture and
it had this rather unhappy ending. | still remenber | sat with

Trel oar for lunch choking down ny food because | certainly had no
appetite for eating.

After | got back to Mdland | began trying to sort out why
this attack was made on ne and it becanme pretty clear that | had
vi ol ated one of the commandnents in Flory's "Principles of
Pol yner Chem stry"--that anorphous polyners are free of any
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order. So then | was curious about the evidence behind Flory's
conclusions and | did a lot of reading of the literature.

di scovered that there was a rather w despread preval ence of
feeling anong many pol yner scientists, without regard to Flory's
book (20), that certain phenonena, particularly in connection

wi th rubber elasticity, could best be expl ained by the assunption
of some order taking place in the elastoner. Ceoffrey Gee, who
was then head of the chem stry departnment at Manchester, was one
of them He was certainly a respected scientist, a fellow of the
Royal Society, and an authority on rubber elasticity. But he was
just one of nmany peopl e.

So | began doing a | ot of reading on rubber elasticity and
things |i ke the Money-Rivlin constants. | canme to the
conclusion that it didn't seemright to sinply dismss the
subj ect as Flory had done, based on really a theoretical concept.
| talked to various people. | renenber talking to a Goodyear
chem st who was here in Mdland for a synposium He had
publ i shed sonething that seened to be indicative of order in
anor phous polyners and | questioned himabout it. He said that
he never started a problem w thout assum ng that he was going to
run into some order in the polynmer. For himto explain his
experimental results, he had to assune and postul ate the
exi stence of order. This whole thing then began buil ding up
nmy mind that maybe Flory was not dealing with the facts of |
He had a theory but hadn't really tried to prove it yet.

in
i fe.

| cane across the proceedi ngs of the Wl ch Conference on
Pol yners, which was held in Houston, Texas in 1966, and publi shed
in 1967 (21). [P.] Corradini, who was Dr. Natta's x-ray
speci alist, gave a lecture there on x-ray crystall ography. He
al so i ncluded sone studi es he had made on anor phous
pol y(al pha) ol efi ns, which had been prepared in Natta's
| aboratory. In this series was anor phous pol yethyl ene,
pol ypropyl ene, pol ybutene, and | think polypentene. He showed
t hat except for polyethylene, there were two anor phous scattering
hal os on all of the x-ray patterns. |If one interpreted those
angles in ternms of Bragg's Law, one of the distances was constant
and smal |l whereas the other distance increased with increasing
size or length of the side group. That's indicating an
i nt ernol ecul ar spaci ng, which depended on structure, so that that
spaci ng was bi gger for the butene polyner than it was for

pol ypr opyl ene.

Well, after Corradini's talk, Flory got up and di sagreed
rather violently with Corradini about his interpretation of the
Xx-ray data, claimng that there was no such thing as structure or
order in anorphous polyners. This discussion is all a matter of
record, published in the proceedings of the Wl ch Foundation for
that particular synmposium including discussion remarks (21).

The di scussion was long and lively, with the people |ike Bruno
Zimm [Maurice L.] Huggins, and others getting into it and trying
to sonehow rationalize these conflicting opinions between Flory
and Corradini, suggesting the possibility of sone internediate
situation--perhaps |less than the perfect order in the crystal,
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nore than the total |ack of order predicted by Flory. But Flory
woul d have none of that. He said there are two extrenes--there's
the crystalline state and the anorphous state. There the matter
seened to rest. But here again was an opinion by Corradini who
was considered an x-ray expert in the field of crystallinity (a
co-wor ker of Natta) tal king about order in anorphous pol yners.

| becane increasingly convinced that Flory was not stating
the real-life situation. He was giving a hypothetical argunent.
At the I UPAC neeting in Helsinki in 1973, Flory gave a plenary
| ecture and his topic had to do with the question of order in
anor phous polyners. He summari zed several |ines of evidence
having to do nostly wi th behavior of el astoners--polyisobutylene,
rubber, and pol ydi met hyl si | oxane, and these were thernodynam c
l'ines of experinmentation. Then he brought up the subject of
neutron scattering, which was then very new. It had to do with a
series of experinments perforned in Germany on bl ends of
deut erated pol ystyrene and regul ar pol ystyrene as a function of
nol ecul ar wei ght. The neutron scattering data showed very
clearly that the radius of gyration obtained fromthe neutron
scattering data was proportional to the square root of the
nol ecul ar wei ght, which was expected of the random coil nodel and
was what Flory had predicted for unperturbed dinmensions of an
atactic polynmer. That seened to settle the nmatter in the m nds
of very nmany peopl e.

Prof essor Gregory Yeh fromthe University of M chigan had
evi dence fromel ectron mcroscopy for what he considered
structured regions in atactic polystyrene. Sonewhere about this
time, Professor [V. A/ ] Kabanov, from Moscow University, was in
M dl and and | questioned himat great |ength about the position
of the Soviet school because they had taught for a long, |ong
tinme that there was i ndeed order in anorphous polyners. They
showed all sorts of experinmental data, including photom crographs
i ndi cating ordered structures that had been found in pol ynmer
sol utions. Kabanov was a protege of [Valentine A ] Kargin, who
was the | eader of the Soviet polynmer school. He had lived with
Kargin's thinking and experinmental work and concepts fromthe
begi nning and had in fact just published a | engthy review article
outlining the current views of the Soviet school on this question
of order (22).

Yeh, who had just cone back froma trip to Europe, had
reason to doubt the findings of the neutron scattering results
and had particularly run into the feeling in Germany, and even in
France, that neutron scattering could not tell anything about
order smaller than about 25 angstronms. Since the objects which
Yeh had seen in the electron m croscope were about this size or
smal l er, he was convinced that the neutron scattering couldn't
and didn't disprove Yeh's findings. To ne this whole thing added
up to a pretty convincing, but not really thoroughly proved thing
yet, that there was some | ocal order in atactic anorphous
pol yners.
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Then in 1975, there was a synposium sponsored by the ACS in
Atlantic City on the general topic of structure in anorphous
polyners. It had been organi zed by Geoff A len from Engl and and
El aine Petrie from East man Kodak. The speakers are a matter of
record. O course, Flory was the openi ng speaker and sone of
[Erhard W] Fischer's coll eagues from Mai nz, CGermany, were
speakers and various Anericans--Dick Stein, and others. 1In
general they seened to be agreeing with Flory. Professor Yeh was
back in Germany and could not attend the neeting and the only one
in favor of any order or structure was Professor [Phillip H ]
Geil, who was then at Case. He didn't hesitate at all. He had
been Yeh's major professor for his Ph.D. thesis, and they shared
rat her common vi ews about structure in anorphous polyners. So
here was CGeil all al one, defending the existence of structure--
and he was literally alone. He didn't hesitate to argue with
Flory. At one point Flory cited a statistical calculation that
indicated 5 x 10?' configurations possible in a given anount of

polymer. Geil's reply was, "I'mnot going to count them"
[laughter] But it was a bit acrinonious. It was a one-sided
story.

| happen to know, by having read the program that not on
this program but lecturing in a nearby auditorium was Don

Patterson fromMG || University. He had been for sonme years
coll ecting evidence for structure in normal al kanes, based on
heat of m xing. He had really, | thought, persuasive evidence,

and since normal al kanes are prototypes of polyethylene, it
seenmed hard for me to avoid the conclusion that there had to be
some order in the anorphous regions of polyethylene. After the
al | -day synposi um was over | was wal king on the boardwal k with
Petrie and Geoff Allen, and | said that | was really disappointed
in the one-sidedness of that synposium They apol ogi zed and said
they had tried to do sonething about it but couldn't get people
i ke Yeh, and apparently others, and that they too were not happy
with the biased outcone. So | said | would be willing to wite a
rebuttal to the synposium and they accepted that. | spent that
sumer up at our cottage working hectically on preparing the
manuscript. | should say witing a manuscript because all ny
homewor k had been done. | had been collecting reprints ever
since 1970. | had a whole file drawer full of them

[END OF TAPE, SIDE 2]

BOYER  Charles Bunn's paper was sinply the first in a |long
sequence. So | put this story together and it eventually got
publ i shed (23). Petrie and Allen stated in their general remarks
that they didn't agree with everything | had said but sinply
agreed with the principle of having a dissenting opinion. So |
had of course thereby cut nyself from any possible reconciliation
with the Flory school and had undoubtedly danmaged nysel f
professionally. There was plenty of evidence that Flory does not
brook disagreenent. It's shown by the chain-folding battle and
ot her events.
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Flory is one of four Nobel Laureates in the polymer field;
St audi nger, Ziegler, Natta and then Flory in 1974.

Experts in the several respective fields to be nentioned
openly questioned his opinions on:

A Chain Folding: He was proven wong by scientists like
Andrew Keller in England, John D. Hoffman in the U S. A
and ot hers.

B. Rubber Elasticity: Experts tell ne that he savaged a
pi oneering paper in this field by Guth and Janes.
Later, he was third in line with a theoretical paper to
justify the existence of the Money-R vlin Constants.
A theoretician in this area told ne that Flory's
estimated value for one of the constants--the critical
one, C,, was low by a factor of 3-5. Flory seened at
first to resent these Money-Rivlin enpirical constants
because C, was not predicted by his theory of rubber
elasticity.

In brief, Flory was a nortal and fallible, deserved Nobel
Awar d notw t hst andi ng.

This has been a kind of a najor area of interest with ne--
that of whether or not there is order in anorphous polyners. M
studies on the liquid-liquid transition, which was first
announced in 1963, only began in intensity, in depth, after |
joined MM in 1975. The T,, studies eventually seened to be
I ndi cative of order in anorphous polyners. Two of the chief
lines of evidence for this were the theoretical argunments of [S.
Ya.] Frenkel in the Soviet Union and of sone rather surprising
and unexpected work being done by Eric Baer at Case. Baer and
his students found that if you take ordinary, |ow nol ecul ar
wei ght pol ystyrene bel ow t he entangl enent nol ecul ar wei ght and
dissolve it in any of a variety of solvents and cool them down,

at sonme point the solutions will gel. They wll undergo
thermally reversible gelation. 1In other words, any given atactic
solution will gel on being cooled and will ungel at the identical

tenperature on being preheated. This can be recycl ed back and
forth as often as one chooses. The question is, "Wat is the
gel ati on nmechani sn?" You have an uncrosslinked, atactic pol yner
bel ow t he entangl ement nol ecul ar wei ght .

Flory cane by Case, I'mtold (I wasn't there), and was shown
this work and he said, "Well, it's nothing but a manifestation of
the glass tenperature.” In other words, he dismssed it as
evi dence, unless they were resolving the glass tenperature, of
whi ch he approved. | eventually joined forces with Eric Baer and
[A-] HIltner and we published a paper (24) summarizing the
evi dence that this gelation phenonenon was a result of structure
which forned in these solutions and that it was occurring well
above the glass tenperature. W could put together evidence from
the literature showng that it was a separate phenonenon from
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gl assification and occurred well above the glass tenperature and
in fact it occurred over the entire composition range back to
pure pol ystyrene.

The T,, story is a kind of end of the line on the
di sagreenent with the Flory school. [It's one end of the I|ine.
In the meanwhile, it has becone increasingly clear that neutron
scattering does not nean and cannot nean what Flory believed it
meant when he lectured in Helsinki. Not only Flory, but the
peopl e who did the work and a nunber of other scientists. So the
neutron scattering was out. Then | came across, in nmy studies on
T,,, a 1943 paper by [Kurt] Ueberreiter in Germany (25), in which
he had predicted there would be structure in the anorphous,
liquid state of atactic polyners (that early), and he gave a
mechanismfor it. That doesn't necessarily prove anything but
hi s nechani smwas al nost identical to the one Frenkel gave in
1968.

Parent hetically, we do not presune, even privately, an
ability to judge Flory's conclusions about these several cited
matters. It is a sinple fact that [T. G] Fox and Flory reported
an event in the liquid state above T, both tabular and
graphi cal, by thermal expansion (26) This was one of our
earliest citations in the 1963 paper which first suggests a T >
T, phenonenon in anorphous pol yners; page 1339 ff, including
Flgure 18 on page 1341 and | ater data copied from data of ot hers,
i.e., Figures 23-24, 26. One should note our cautious approach
toaliquid; - Ilqwd2 transition above T, tentatively |abeled
T,, i.e., Table | X, page 1339 and rel ated discussion. That
section clearly reads:

"C. One glass transition, T, or several glass transitions?"

g!
Only during the 1980s at MM did we |locate in the world

literature revealing repeated evidence for events above T, not

only T,, but others. These are sunmarized in a recent

encycl opedi a review (27).

This m ght be a good place to end the story. The battle is
far fromover. Some French scientist at Strasbourg has just
publ i shed a paper saying that the Boyer-Baer-Hiltner explanation
of gelation of atactic polynmer solutions is all wong, but this
is par for the course. W have to sinply await devel opnents.

BOHNING | did want to ask you to conment about one thing. You
told ne earlier that you had, even in view of this, at a later
date, suggested Flory as the head of MM.

BOYER. It was after the Manchester neeting. W had a |ist of
what we considered to be sone of the top polynmer scientists in
the United States and even abroad, who had the scientific
ability and personality, reputation, and presunmably sone
managenent ability to take on a job like this. So when M. [Ted]
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Doan, representing the noneyed interests, asked me ny opinion,
sinply said, "Flory is by and far the top polyner scientist in
the United States,” and he said, "Wll, let's go after him"
Since I knew him and since | even had his tel ephone nunber, they
asked me to call him which I did. Flory went to Ann Arbor to
see famly before and after visiting Mdland. He spent the
whol e day here, and gave a lecture. | was a key person in
getting that advertised around M dl and--posters in all the Dow
research |labs and so on. W had an auditorium the biggest one
then in Mdl and, packed to the eaves with over 350 peopl e who
came to hear Flory's lecture. | should say that this was soon
after Manchester and that | hadn't sorted out the reasons for
Flory's attack on ne. | certainly amnot one to sit around and
brood. | never have been and am not now. | think that
Manchester was out of ny mnd or at a very |ow | evel.

BOHNI NG  What year was that, that you were |ooking for a
di rector here?

BOYER It started about 1970. W went through a list of
people. Flory was the first we talked to. It's all a matter of
record here. There were people like [Walter] Stockmayer,

[Art hur] Tobol sky, Roger Porter. It was pretty predictable.
suppose that | ought to really verify these dates.

| see the gist of what you're getting at--what happened
when? What was the real sequence? It's entirely possible that
Flory was here pre-Manchester, the nore | think about it. By
1970 | had a talk in Toronto with Eric Baer. W' d gone through
a list of candidates and had gotten turned down. Then Eric Baer
proposed to us that his macronol ecul ar departnment at Case take

on this operation. | renenber we discussed that at the Toronto
neeting in 1970.

BOHNI NG That's why | was curious about that sequence.

BOYER Well, you're absolutely right.

BOHNI NG  The Tashkent affair is pretty well docunented. W can
tal k about that if you feel you have anything el se to add.

BOYER:  No.

BOHNI NG You' ve got a | ot docunented on that already.

BOYER. Thank you
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BOHNI NG Thank you very nuch, Dr.

BOYER  Ray, please

BOHNI NG  That was for the tape.

BOYER [l aughter]

[ END OF TAPE, SIDE 3]
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