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ABSTRACT

Thisinterview with Frederick J. Karol begins with a short discussion of Karol’s family
background and childhood near Boston, Massachusetts. Following an early interest in
chemistry, Karol in 1946 enrolled at Boston University and graduated with a B.S. in chemistry
before enlisting for two years of military service. He worked for Union Carbide from 1956 to
1959, began afamily, and then entered a graduate program at MIT, studying statistical
thermodynamics and organic chemistry under Gardner Swain and conducting thesis research on
isotope effects. He continued catalysis research upon his return to Carbide in 1962, eventually
developing avariety of proprietary catalysts for use with a high density polyethylene gas phase
process. Karol’s contributions to the development of a gas phase process for making
polyethylene products under low pressure hel ped to revolutionize the industry, as Union Carbide
next developed this technology to commercial operations. The interview describes the
worldwide licensing of the linear low density polyethylene process, its economic and
environmenta advantages, and the extension of this technology into synthetic rubbers; also
discussed are the technical and management necessities for such innovative developments.

Karol contributed to Carbide's collaboration with Shell Chemical Company, which produced
polypropylene, improved the catal ytic system to make a wider spectrum of polypropylenes, and
eventually led to processlicensing. Here Karol discusses kinetic and analytic studiesto
understand the fundamental principles and mechanisms of polymerization; catalyst requirements
and testing involving screening of reactions, analysis of property indicators, and use of pilot
plants for testing; and hisrole in guiding development. After describing Karol’ s education and
subsequent research, the interview focuses on Union Carbide’s history and work environment,
support for R& D and publishing, and Karol’s career progress and professiona philosophies on
management and scientific innovation. Karol describes the history of linear low density
polyethylene, the development of both the Ziegler-Natta process and the UNIPOL process, and
Union Carbide' s licenses and worldwide ventures. The interview closes with adiscussion of the
future of R&D and the chemical industry, and the significance of the Perkin Medal.

INTERVIEWER

James J. Bohning is Professor of Chemistry Emeritus at Wilkes University, where he
was a faculty member from 1959 to 1990. He served there as chemistry department chair from
1970 to 1986 and environmental science department chair from 1987 to 1990. He was chair of
the American Chemical Society’s Division of the History of Chemistry in 1986, received the
Division’s outstanding paper award in 1989, and presented more than twenty-five papers before
the Division at national meetings of the Society. He has been on the advisory committee of the
Society’s National Historic Chemical Landmarks committee since itsinception in 1992. He
developed the oral history program of the Chemical Heritage Foundation beginning in 1985, and
was the Foundation’s Director of Oral History from 1990 to 1995. He currently writes for the
American Chemica Society News Service.
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INTERVIEWEE: Frederick J. Karol
INTERVIEWER: James J. Bohning
LOCATION: Bound Brook, New Jersey

DATE: 10 January 1995

BOHNING: | know you were born on February 28, 1933, in Norton, Massachusetts. Could you
tell me alittle bit about your father and mother and your family background?

KAROL: Okay. Welived in that areafor a short time, and then we moved from there to
Lowell, Massachusetts. | don’t recall much of anything in Norton, because | wasjust afew
years old when we moved to Lowell.

Both my mother and father were Polish, although they were born here in the United
States. They suffered through the Depression. My father worked for a gas company. He had a
high school education, but he was in charge of gas manufacturing—from coal, making gas. |
remember his operating this whole panel of equipment for that process. My father had lost his
job near Norton, Massachusetts, so we moved to Lowell. That’s what got us to Lowell, because
there was ajob there.

My mother’ s background was, she had a high school education. She was one of about
seven or eight in the family, and my father was one of ten or twelve—Ilarge familiesin both
cases.

| grew up in Lowell, which is north of Boston, and went through grammar school and
high school there. | had one sister who was about four years younger than | was, and all of her
bringing up was aso there in Lowell. I’m not sure there are any great events from those days—
except that when we lived in Lowell, we got dumped on with alot of snow. The only real
significant event was, | got into high school. | decided, “I ought to do something significant in
high school.” | said, “Why don’t | graduate first in my class; it'd be agood thing to do.” | was
rather well organized, so | set out to do that. | wasin aclass of about six hundred and fifty, so
that wasn't too bad.

| played musical instruments; | played in the band. | had afew other things in school—
the science clubs and things. Also noteworthy was, my first exposure to chemistry was in high
school. | had, probably, one of the most outstanding teachersin that area—very challenging and
motivating. Sincel did well at it, | figured, “ That’s something that | might want to continue.”



BOHNING: Isthisteacher Richard Conway?

KAROL: Yes, that's Conway. Y ou heard that from someplace?

BOHNING: You filled out aform for usin which you mentioned his name.

KAROL: Oh, yes. Good guy. He was really very challenging, an unusua person. It wasa
good experience for me.

BOHNING: Did you have agood lab experience with that as well?

KAROL: | found that | was better out of the lab than | wasin the lab, in terms of manipulative
skills. [laughter]

| ended up graduating from high school in 1950. When | went to college, | went to
Boston University.

BOHNING: Why did you select BU, as opposed to Northeastern University or any of the other
schoolsin the Boston area?

KAROL: | don't know. When I finished high school, | wasn’t sure what | wanted to do. Even
though | had graduated very high in my class, | actually didn’t go to college right away. |
worked for about six months.

I’ stough, in the middle of a semester year, to get in, and then | had an opportunity at
Boston University. | thought, “That’s a good place, go there.” | was at loose ends for awhile. |
did go back, and | did all right in college. | didn’t have the same motivation as| did in high
school. | was going through a period where | wasn't sure what | really wanted to do—an
identity crisis, maybe. | ended up four years at Boston University. | did okay, but there was
nothing outstanding.

BOHNING: You majored in chemistry?



KAROL: | magjored in chemistry. The thing | remember most was that all four summers, |
worked up at a Boston University location. They had a summer camp up in Peterborough, New
Hampshire. | don’'t really know that area. But there was a part of Boston University which was
called Sargent College, awomen's college. They had summer camp up there. My thrill was
working up there in the summer, four summers.

When | finished college in 1954, this was the end of the Korean War. A whole bunch of
us who knew each other enlisted in the service. You'd go in, you had to stay only two years.
Rather than wait to get called—they were calling people—we just went and enlisted. We
figured we'd get it over with.

| spent two years in the service, from 1954 until 1956. | was over in Germany during
that time. | recall that four or five months before | was getting out of the service, | said, “I've
got to figure out what the heck I’m going to do with my life.” | had inquired to a number of
companiesto seeif they had openings.

| interviewed here at Carbide in 1956—not at this location; we had another facility in
Bloomfield, New Jersey, which is north of here, thirty-some miles. | interviewed at several
companies, and | got a very nice offer—I thought it was nice at the time—from Carbide.

It certainly wasn'’t the facilities, because they had the worst facilities of the whole bunch.
It was really an old, old building. But | liked the people | met. | recall that the salary offer | got
was four hundred and thirty-five dollarsamonth. | said, “That’s kind of nice,” and | took it.

It was very significant because | worked for afellow, when | first camein, whom | really
liked and who was just beginning in awhole new area of chemistry. It’'sreally launched off
where | ultimately ended up, because it’ s the area that’ s known in the industry as Ziegler-Natta
catalysts. Discoveries were just being made when | was beginning. | did some work in the
laboratories, and | got very interested in the area. | had just abachelor’s degree at that time.

| worked there for a couple of years, and then | got married in 1958. My wife isthe same
wife | have today, from Massachusetts. Then | thought, “Maybe | ought to go back to graduate
school.” | thought the opportunities would be better, and | felt | needed some additional
background in science. We had one child. So we decided in 1959 to go to graduate school.

| left Carbidein 1959 and got a position as a graduate student up at MIT. It was a good
spot for us, because we were from Boston. My wife could be close to her family, and my child.
| worked up there in physical organic chemistry for afellow named Swain, Dr. C. Gardner
Swain, who was at that time doing some very important physical organic chemistry.

When | first got the assignment, we talked about it. It wasin the area of statistical
thermodynamics, which isredlly in the physical chemistry department. | wasin the organic



chemistry department. Swain said, “Well, you don’'t really have the background to do this
project.” | said, “I'll complete this project. Okay?’ [laughter]

| took a project on isotope effects in graduate school, doing alot of theoretical
calculations and calculating partition functions which, at that time, I knew nothing about. |
worked extremely hard in getting through the organic chemistry as well as the physical
chemistry. Plus, | had been out of school for a number of years, because | had worked and been
intheservice. Sol wasin alittle bit of a shock when | saw the challenge that was there. 1 got
very interested in the particular area. | learned alot from other graduate students working in the
same discipline.

| had awife and one child, and another child when we were at MIT, so it was some
motivation to not linger around too long in graduate school. One of my motivations was not
only to get my project done, but to also get out of there, get adegree, learn what | could. | got
out from MIT in two years and nine months, which was reasonably fast. | graduated from there
in 1962. | did all of my work in the areas of statistical thermodynamics and organic chemistry.

| decided where | was going to cometo work. Sincel’d worked previoudly at Carbide, |
interviewed a number of other companies at the same time, but | did decide to come back to
Carbide. The main reasons werethat | liked the kind of work | had been doing, | liked the
fellow | was working with, and it looked like there’ d be some nice opportunities there. So |
came back in 1962. | worked in some areas that were alittle bit unrelated to where | ultimately
ended up—»but | was doing work in polymerization catalysis.

BOHNING: Wereyou in catalysisthefirst three years you were there?

KAROL: Yes. I'vebeenin cataysis of one type or another during my whole career at Carbide.

| worked on a number of areasin catalysis—but not in polyolefin catalysis, which is
what | had worked with before | went back to school. Carbide was a big producer of
polyethylene. We were one of the ones running high pressure routes to make polyethylene, and
we' d gotten involved in low pressure routes. We were originally alicensee of Phillips
Petroleum, about the time that | was coming back into the program. Carbide was interested in
low cost processes and new routes for making polyethylene. We had some engineering people
who had been fooling around with gas phase processes.

We started out to develop proprietary catalyst technology. Initialy, there was acertain
amount of resistance. We had gotten alicensing from somebody el se—a certain amount of
comfort index there. To come in and bring new systems in was a challenge.



| worked in 1964 and 1965 on some proprietary systems. We had made some progressin
that area. Then | got transferred into another area of catalysis because they needed somebody
over there. Here |l was, back in the area—and then | got transferred out. | worked in some other
areas of freeradical chemistry. | assumed that | would not ever be back in polyolefins. But we
had some reorgani zations about a year or two later, and the fellow | had originally worked with
wanted me back into that area. He said, “Y ou’ve got to come back in this area.”

I went back with asmall group of people. Thiswas now 1967, 1968. We launched a
series of catalytic programsto develop avariety of proprietary catalysts that could be run on our
units. The process we used was a solvent process. With the emerging gas phase process coming
up, what we did was to merge the catal ytic technology we had with this new process we had. It
was trandlating catalysts into a process for making what was known at that time as high density
polyethylene.

BOHNING: Could I ask a question about the gas phase process? If I’'m correct, up to this point
amost al of the processes were solution and slurry processes.

KAROL: Solution and slurry processes, yes.

BOHNING: Wasit Carbide who made the decision to look at the gas phase process?

KAROL: Yes. Therewasafellow whom | personally had not met, but who said that Carbide
ought to somehow get involved in the lowest cost process. High pressure processes run at
twenty thousand to thirty thousand PSI and two to three hundred degrees centigrade, very
expensiveto build. Hesaid, “Why don’t we get rid of al that and look at that gas phase?’ It
was a business challenge.

BOHNING: Okay.

KAROL: That'sthe setting. The important feature was, there was areceptivity at alevel to do
some of these things that were radical.

We tested out varying catalysts. We tried to find out what would make them work in the
gas phase. No solvent here—we had a heterogenous catalyst making polymer. The process
consisted of taking solid catalyst particles, putting them in areactor, and growing polyethylene
on these catalyst particles up to acertain size. I'll talk more about that. | just want to capture



the challenge of saying, “Tossit in the gas phase.” It sounds simple, but there were | ots of
challenges.

We developed severa catalysts for high density polyethylene. We were ableto
demonstrate that they could run under commercia conditions. Commercial conditions meant
the catalyst residues were so low in the product, we never even took the catalyst residues out.
Productivity had to be close to one million pounds of polymer per pound of transition metal. A
typical transition metal at that time was chromium. Subsequently, there were others which
worked here.

We're talking about the period of 1968 to about 1971. We were doing this work for high
density polyethylene, and we were beginning to look at licensing this technology to other people.
We had an affiliate in Sweden and we had an affiliate in Australia, whom we licensed. So what
we saw emerging was a licensing concept, as opposed to our doing everything oursel ves.

BOHNING: Wasthislicensing new for Carbide, or had they done this before?

KAROL: Ohno, it wasn't. In the past, there was the concept that if you got something like that,
you kept it to yourself. You just don't go out and licenseit. Therewas an interplay going on at
this point, “Is this something we should or shouldn’t do?’ So thefirst entree wasto do alittle
bit with affiliates at thistime.

All of the focus up to this point was dealing with what we called high density
polyethylene. It was not attacking the major area of high pressure polyethylene, which was
known as |ow density polyethylene—nbillions of pounds of material. But what we did establish
was that a gas phase process could be credible for making some polyethylene.

Now, the challenges in just making polyethylene were, polyethyleneisn’t like acetone or
adiscrete molecule. It can be awhole variety of things—it has a molecular weight; it hasa
molecular weight distribution. We had to make the right molecular weight and molecular
weight distribution. Normally, we copolymerized ethylene with alpha ol efins such as propylene
or butene to get some branching aong the chain, but only alittle bit. All of these have to be
dialed into the catalyst, so that the catalyst does al of these things.

There were awhole variety of challenges to make that happen. When we ran in the gas
phase, we were normally running about eighty to one hundred degrees centigrade. If we were up
much higher than one hundred degrees, the whole bed would gum up. Even when we were
running, we had to be careful that the reaction didn’t run away on us, because we ended up with
an agglomerate that could be twenty thousand pounds to one hundred thousand pounds. There



were some challengesin getting it out of the reactor. There were alot of other challenges of that
type.

All of this was dealing with an arena where we got credibility from the gas phase, but we
hadn’t applied the gas phase to go after the high pressure materias, which had more branching
in the polymer chains. There's aset of properties associated with high pressure as opposed to
low pressure.

We started aprogram in 1971-1972. We said, “We know gas phase works. Let’sfind
out what it takes to do this under low pressure and attack this huge market.” It was an
interesting thing for Carbide. We were aleading producer of high pressure polyethylene, but we
were saying, “Hey, we're going to come in and replace all this technology.” Which | think, in
the history of science, is an interesting perspective. Normally, you have another company that
might attack your technology and other things. Here's a case where we were actually going after
and attacking our own high pressure technology.

We had facilities all over the United States, many, many reactors—some in Puerto Rico,
hereinthe U.S., and so forth. Some people were watching us al along because they wanted to
figure out, “Isthisreally going to happen?’ There were some doubts as to whether this was
really going to happen. Even if we made it, would the properties be satisfactory?

BOHNING: Who wasinvolved in making these decisions?

KAROL: Which decisions?

BOHNING: These were research decisions, business decisions. At what level were they being
made? Who was the champion of the cause?

KAROL: Clearly, in an effort of thistype, in order to make anything happen, we had to have
people at the top of Carbide. | particularly remember John Luchsinger, who was at that time an
operations manager. Back then, at about 1968, we were putting in our first gas phase reactor as
acommercia unit. | recall John as being the business operations manager and spokesman for
that area. He certainly championed this cause to the hilt. It was asignificant risk at that point,
just demonstrating the credibility of the process. Then the second part was, “What are you going
to do with this process, in terms of the kinds of product opportunity?’ He was involved, and
there were severa other people in the organization at the operations manager level. But the one
| interfaced with, in terms of providing the business perspective, from my point of view, was
John Luchsinger.



His challenge to uswas, “Thisis what we want to do.” Then we figured out how to do
it. “What is the mechanism which we're going to use?’ Because in this kind of program, where
we have lab people, we have product people, we have process people, and we have plant people;
the secret of thisthing isto integrate al of these things so that they all kind of work together.
One of the things I’ ve always felt very strongly about is that, in the research that we do, we need
to constantly interface and be part of the process, part of the product.

Part of my role was in the discovery and invention of these catalytic systems. But aso, it
was working with the process and product and manufacturing people, in terms of establishing
credibility for this and translating the technology from the lab to acommercia unit. When new
people camein, one of the things they didn’'t have is an exposure to thiskind of thing. Part of
my role was to be sure that people had this kind of education.

[END OF TAPE, SIDE 1]

KAROL: It'sinteresting. You have avariety of different people working, and with some
people thereis an attitude, “If we do the basic research, then implementation istrivial.” They
need remedial training. We have to teach them that that isn’t the case—that a significant part of
the success of any project is not that they understand the detailed chemistry, but they can take
care of that in terms of trandlating that into process, into commercial operations. That’swhat |
call innovation—tranglating the inventions that are being made into commercial reality.

What I’'m struck with over the yearsis how we do this, | think, quite well now. But at
the beginning, there was a period of having to do this and getting manufacturing even to talk to
R&D people. | think that those hurdles—in this area at |east—are not a problem today. They
were something that had to be incorporated.

We had a business climate that said, “We want to do thiskind of thing.” My role wasto
work with the catalyst people in terms of developing the technology, then to interface with the
product and process people, in terms of being able to show them how to use this and translate
that. Clearly, there were lots of peopleinvolved in this—engineering, product. We looked at it
as though the reactor provided the economics and the catalyst provided the product
opportunities. Do you understand?

BOHNING: Yes.

KAROL: Our philosophy has been to look at avariety of different catalysts. Any one catalyst
can take an awful lot of time to develop and study, but if you get hung up on any one system,
you find that you don’t have as much flexibility as you like. So, our philosophy was, if we run



into a stalemate with any one piece of catalyst technology, we are going to look at another one.
We' ve always carried several catalyst systemstoo, because they provide flexibility. Their
structure and formulation play an important role in commercial operations.

Anyway, we set off, in the 1970s, to try to make products as replacements for high
pressure polyethylene. We worked with certain chromium catalysts. We were able to identify a
chromium-based catalyst that made some attractive substitutes for high pressure polyethylenes.
But the materials that we made were satisfactory for special applications, in what we called the
wire and cable area. The big thing in high pressure polyethylenes is having the capability of
making products that would fall into the film arena. The catalysts that we had were not
satisfactory for doing that, although we did develop this chromium-based technology. We did
show that we could make, in the gas phase reactor, some attractive products. So we made a step
forward. We went from high density polyethylene into low density polyethylene, but we hadn’t
quite gotten where we wanted to be. We wanted catalyst technology that would make product
replacements for high pressure. If we used the gas phase process, our economics were so much
better.

We set out on another research program, looking for another catalytic system that would
do that. We demonstrated we were successful with this new system in about 1977. We
developed some technology that allowed us to make products that |ooked as though they would
be very competitive with high pressure. We made announcements—going all the way up to the
Chairman of the Board—that we had been successful in demonstrating, in a gas phase process,
that we could make products equivalent to available materials. Some of the properties of this
material were actually superior to the high pressure materials that were there.

These discoveries create a huge new revolution, because you have high pressure reactors,
all over the world, making these materials, and Carbide coming along and saying, in 1977, “We
can do this by alow pressure process, with better economics, in terms of investment and
operating costs.” At the same time, we made a decision to license this technology in a serious
way around the world.

| mentioned earlier that the person | interfaced most with was John Luchsinger. The
person who was involved, after John, was a fellow named Bill [William] Joyce. | became aware
of Bill and his whole business involvement in this area around 1975, 1976. He has been the
major spearhead, business champion of this technology from that time on. Bill, at that time, was
an operations manager. Today heisthe chief executive officer of Union Carbide.

Bill was able to see that this technology had vast potential, in terms of being able to
replace a significant amount of high pressure. He recognized that Carbide didn’t have the
financia resourcesto put in al thisinvestment in these reactors. So he spearheaded a major
licensing effort at Union Carbide, to license thistechnology. The first licensee for this was
Exxon, which was very significant. Subsequently, there was Mobil.



Today, there are licensees all over the world. There are many, many reactors. It isthe
major process in the world today for making linear low density polyethylene. The processis
licensed in all parts of theworld. Theway I ook at it is, the sun never sets on these reactors.
[laughter] Wewerein Australia. Today we're in China, Japan, Saudi Arabia, Russia, South
America, Canada, and a number of placesin Europe.

The advantage of this was, this process has such improved economics. It’'s easy to run.
It's environmentally friendly: there are no solvents, and it runs under very mild conditions.
Instead of twenty to thirty thousand PSI, we' re running this at one hundred to two hundred PSI.
Instead of two hundred fifty to three hundred degrees, we're running this at eighty to ninety
degrees. There's about twenty billion pounds of this—somewhere in that vicinity—being
produced around the world today.

There' s been a huge development since the discoveriesin 1977 that we could make these
products. The market share, if you look at high pressure polyethylene, hasn’t grown much at
all—it's shrunk a bit. But in the United States today, the market share of linear low density
polyethylene is nearly fifty percent of the polyethylene market.

The detailed structure of these products that we made had some advantages versus high
pressure, but there are still some improvements we can make to capture more and more markets.
So there’safair amount of effort to develop and improve on this process. | guessit almost starts
from way back with the original discoveries; our continuous involvement in thisareaisfor alot
of years.

I’ sinvolved a significant management commitment, at the top, to let us go and do the
things we wanted to do. There’s no way we're going to do this without support. There’s been
some unusual leadership, particularly with Bill Joycein 1977. | don’t know whether |
mentioned it to you, but about ayear and a half ago, he got the National Medal of Technology
for business leadership.

I’ve been involved for alot of yearsinthisarea. | 100k at severd things. Oneistraining
people how to do catalysis work: how to interface, discover new systems, learn how to translate
them as quickly as possible. | think our cycleisfor evolving technology from the lab—process,
product, going around that cycle, identifying what’s important, bringing it to management’s
attention, and a receptivity from management to do that. | think it’s the unique combination of
things that come together for these kind of things.

In all the pieces, there' slots of challenging technical featuresto this kind of thing.
Certainly we could talk forever on that. But that’s a general flow of what’s occurred. | might
mention that a recent extension of this technology has been the ability for usto take this
technology, and not only make these types of materials, but also now enter into the rubber area,
making rubber such as EPR and EPDM. If you look at the significant challenges of materials,
such as sticky types of material with lots of the agglomeration issues, there was a belief for a
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long time that that couldn’t occur, but that is an extension of this technology that we' re now
pursuing, and it looks promising.

BOHNING: There'san interesting chart here.

KAROL: Yes, itis. [indicates chart]

BOHNING: ThisisFigure29inyour ACS Award address (1).

KAROL: It'svery good. It capturesalot.

BOHNING: It summarizesthingsin avery interesting manner. It'samost asif you're using a
catalyst to dial in the set of properties you want.

KAROL: Right. The molecular configurations, we think we know as well as anybody today
how to dia thesein. What's needed when we make high density polyethylene? What are the
kinds of structures we need? What are the catalyst requirements? It's an entree into linear low
density polyethylene where, in essence, what we're doing is we're putting in more branching.
Branching means that we add an alpha ol efin—such as butene or hexene—to the system.
There'salinear low density area. Then there’saflexomer in the area. Aswe drive the density
down, we get materials that have unusual flexibility, used in hosing or tubing, things of that
nature, where flexibility is particularly good.

Then what we did was, while we were working in this area, we wanted to get involved in
polypropylene by a gas phase. We'd made high density and linear low, so we wanted to get into
polypropylene. Since we hadn’t been in polypropylene—but we knew we had a process that
would make attractive polypropylene in a gas phase—we had a collaborative effort with Shell
Chemical, joining our resourcesin thisarea. They would provide a certain perspective in certain
areas. We formed ajoint venture and demonstrated that polypropylene could be produced.

Originally, Shell brought the catalyst and we brought the process. Then we jointly
worked on an improved catalytic system that made awider spectrum of polypropylenes. There's
aunit that makes around two hundred million pounds of polypropylene down at Seadrift. We
elected to license this technology aswell. Just like we have some licensees in high density and
some in linear low, there' s another licensing program that deals with producing polypropylene.

11



S0 here we were at this end of the spectrum. Then we felt that we ought to learn the
requirements to make EPR and EPDM. We were at the challenges issue from a process point of
view—nhow did we run aviable process, when aresin isintrinsically sticky at alow
temperature? A unit isin the process of being built, sometime for 1996, where we think we'll
have attractive products for EPR and EPDM. A dieneis used to provide cross-linking, whichis
important in alot of rubber applications.

We see ourselves as having the capability to do this. We found ways to adjust the
process. Then we've dialed in with the catalyst. 1'd liketo say alittle more about the catalyst.
There' saset of requirements for the catalysts that we have to meet. Thefirst oneis, it'sgot to
be high productivity. All the catalysts have to be high productivity. In the polyethylene area and
the polypropylene area, as | said earlier, that’s down to afew parts per million or less of a
transition metal. Transition metals are things like titanium, chromium, and sometimes
vanadium. Second, we have to make the right molecular weight. So we have to have—dialed in
the catalyst—the capability of adjusting molecular weight. The catayst also has to make the
right kind of molecular weight distribution.

Some applications for polyethylene and polypropylene demand a narrow molecul ar
weight distribution. Other applications demand a broadened molecular weight distribution.
Generdly, the nature of the catalysts that you produce provides the capability of making narrow
or broad distribution, and we have the technol ogies to do those.

The catalyst also has to be able to introduce a comonomer, because frequently you need
catalysts that put in branching like butene and hexene, and various catalysts, depending on their
structure, can determine how much branching you can put into the polymer. Some catalysts are
good at it, some are not as good. We know what factors control that.

The catalyst morphology isimportant. Typically, you have cataysts particles that might
be around thirty to fifty microns. We have a catalytic species put on asubstrate. The substrates
that people use are substrates like silica. There’s away of formulating the catalysts on silica.
These particles are around thirty to forty microns, during the polymerization converting to a
polymer. The polymer particleis five hundred to one thousand micronsin size. That's
important, because we' re fluidizing this bed in a gas phase fluidized reactor. The size of this
particle and shape are very important, because they influence the dynamics of fluidization. So
it'snot atrivia factor. Usually, the polymer particle isfifteen to twenty times larger than the
catalyst particle.

In addition, the catalyst particle at the end has to be fragmented. During the process, we
literally blow apart the catalyst particles. Polymerization takes place in the particles. Thenwe
fracture these thirty-micron particles into fragments less than one micron. Now, that’s very
important for us, because if these catalyst particles didn’t fragment, first, they wouldn’t be very
active. Second, these fragments would appear in the polymer as discrete gels—you could
visually see them.
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So there’ s awhol e technol ogy of using the right supports to get this factor to blow these
particles apart. There are literaly many, many man-years that go into the science of doing this
kind of thing. That’s very important in order to be competitive.

The end result is, you need to do al those things—high productivity, molecular weight,
molecular weight distribution, morphology—and you need to do it with catalysts that are not
very expensive. If the catalyst were to contribute afew cents per pound to the cost of
polyethylene, it istoo expensive. Y ou have to be down around a penny or less per pound of
polyethylene. So we had to do al of those things with something that was not only simple, but
reproducible. In catalyst systems, sometimes they want to misbehave on you, so we have to
learn to be conscious of the economics with thiskind of thing, at the sasmetime. That's
important.

BOHNING: When you started doing catalysis work in the 1960s, how much of it wason afirm
scientific basis? How much of it was more the art of screening large numbers of materialsto see
if they would work, to get the proprieties you wanted in the polymer?

KAROL: Thiswhole areawas so new then. We had to go back to the excitement of the origina
discoveries—a surprise to everyone that any of this change even occurred at room temperature
and atmospheric pressure. We didn’t have any background on that. So there was a huge amount
of just running polymerizations, playing it out, to see where thiswas applicable. Out of that,
there started to emerge a picture of what was important. We did alot of kinetic studies, we did a
lot of analytical studiesto try to understand what were the fundamental principles and
mechanism of polymerization.

The mechanism of polymerization is still debated today when people hold symposiums.
| think there has emerged through al of this period of time an understanding of some of the
principles of what’'s going on. Thistechnology is called coordination polymerization. It was
recognized that certain oxidation states of a metal wereimportant. A lot of this came out of
empirical work. Then we had, starting to emerge, some organometallic chemistry to support
these principles. So it was a matter of proposing, “Thisiswhat | think is going on,” based on a
lot of empirica information, checking that mechanism out with various studies, and building an
evolving mode.

Looking at where the state of the art wasin 1994-1995, and where some of the newer
systems are going, there has emerged alot of computational chemistry. There was lots of
computer modeling going on around the site. There was afeeling that alot of the things done
empirically through the organometallic chemistry are much better understood today. Clearly,
thereis abank of technology.
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A lot of the catalysts—in fact, the majority of them—are heterogeneous. There was a
reluctance for alot of academic people to learn about heterogeneous catalysts as opposed to
homogeneous. | think what has evolved over aperiod of timeisalot of support of the
organometallic chemistry that provides an interpretive perspective on alot of what is going on.

Clearly, when we were doing this in the 1960s, there was alot of empirical work. | think
the thing we did was, we said, “Thisis our model. Let’'s check this out against some things and
have that guide our experiments, and refine the model.” It was the philosophical approach that
we took during that time.

[END OF TAPE, SIDE 2]

BOHNING: Again, going back to the early days, how did you go about testing the catalysts?

KAROL: How? In credibility?

BOHNING: Yes, its effectiveness.

KAROL: We have one-liter |aboratory reactors here. Typically, we' d use something like
hexane as adiluent. We would prepare the catalysts and react them in this one-liter autoclave at
afew hundred pounds pressure, a around eighty to one hundred degrees. We would make one
hundred to two hundred grams of polymer.

What we would do is, we would screen alot of reaction—variable effects of supports,
catalysts loading, promotors. We had certain property indicators we would look at. There'sa
term, melt index, which is an indication of molecular weight. We'd measure the melt index
under several different conditions, and we'd get afed for what the molecular weight distribution
was. We' d measure the density.

The key thing we were looking for was, what kind of molecular weight distribution did it
make? What kind of melt index did it make? Wasit highly active? The battle that took place
in the laboratory—a significant one—was impurities. We were dealing with ethylene and trace
amounts of catalyst. Freguently, we' d make runs and nothing would happen. We'd make arun
with atrace more catalyst, and the thing would roar away on us and we' d agglomerate.

One of the findings in this area was that the impurities are critical. In production
facilities today, asaresult of alot of thiswork, we have rigorously controlled feedstream purity.
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The levels of impurities are down to parts per million. So there’'s a constant battle in the
laboratory during runs.

When we had something credible—which meant we thought it was fairly active in the
laboratory and it looked as though it met some of the needs—we would take it to our pilot plant.
We would produce large quantities of catalyst. A pilot plant, to us, meant that we were making
twenty to fifty or sixty pounds an hour of polymer in areactor. We started off with just onelittle
reactor. Today we have seven or eight pilot plant reactors that run around the clock, almost
every day of the year.

We would test under steady-state conditions, control conditions, and make pounds of
material. We would make on the order of one hundred pounds of material, and we' d study the
process features of the polymerization. The facility we were doing this in was Charleston, West
Virginia. Typicaly the chemists would go and work with the process engineers. The product
would come back here to Bound Brook, which is where our product testing is, and we do
product evaluation. They would say, “Y es, some things are good, but some things aren’t good;”
or, “Nothing’s good and bad, you need us to go back and go through this process cycle again.”

Onething | found, which | think was important, is our philosophy that certain things you
could learn in the laboratory, but you need to go to the biggest scale unit to learn what other
problems there were. The point I'm trying to make s, you want to work on the right problems;
but the right problems, in alot of cases, aren’t al that obvious, based on just plain laboratory
work. Over the years, we' ve learned that some things are better done in the pilot plant reactor—
studying factors such as agglomeration, operability and so forth.

So our philosophy is to move things quickly through the units to establish just how the
overall operations perform. We started off with just a couple of |eftover autoclavesin the
laboratory. Now we have more than twenty batch reactors here, and we have our pilot plants
down in West Virginia. We also have catalyst manufacturing facilities here. If we want to make
larger batches of catalysts, we can make them here and test them out in our laboratory to be sure
they’re okay. Then they can get shipped down to Charleston or to the plant at Seadrift, Texas.

A protocol has evolved out of this. But the main initial evaluating tool for acatayst is
these batch reactors. We use them both to support our pilot activities as well asto do basic
research on new catalysts that we think would be promising in the future.

BOHNING: Your primary function was developing the catalysts. Isthat correct?

KAROL: My responsibility was to define the catalysts, and to work collaboratively with the
pilot plant and product people, to be sure the technology we were aware of was effectively done
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in the pilot plant—also, that we understood what the deficiencies were in the product
evaluations so that we could correct them through changes in the catalyst.

The key thing was thisinterplay. If we discovered something, and we waited for
somebody else to ask us about it, we' d never get anywhere. So part of my role wasto create
awareness and to guide the technology as it went along—as well as to create the motivational
environment today and perspective on what should be done. So many thingsin catalysis could
be studied that we had to be selective, doing things that had relevant meaning.

BOHNING: | know of several examplesin which once the basic discovery was made, the
individual responsible for it was no longer involved. It fell to awhole new team to work up the
technology in going from bench scale to commercialization.

KAROL: There'san overlap. Let'stake asituation. We have acatalyst here that we want to
scale up in the pilot plant. What do we do? We get together with the pilot people. Wetak to
them about this, and tell them what we' ve observed. Then we have one or two of our people
participate in pilot trials where the run is done by the pilot plant people, but with the perspective
of our knowledge.

We have to now find out whether the product has any value. The catalyst people are
involved to the extent that they need to understand what the deficiencies are, because the
product people might say, “Thisis not right for thisor that.” There’ s an iteration between the
product people and process. There' s also an iteration between the product people and the
catalyst people, so that they can go and change things around. That is an important iteration for
the success of our development. If each of these units were working independently, we
wouldn’t get anywhere. We look at it as a collaborative effort.

The business setting is such that this is actively encouraged. The idea of continuing—
what | call rolling over resources—is built into our whole business strategy. When we moved
the resources from high density into linear low, then moved them from linear low into
polypropylene and then EPR, there was awhole support basis for doing this. That’s where we
are.

When people take things into the plant, there are run teams and technology managers. A
whole variety of new people comeinto thiskind of thing. But we don’t abrogate our
responsibility that, if there’s a catalyst problem that exists in the plant, we shouldn’t worry about
it. We have run teams that do this under business sponsorship. There are business managers,
operations managers, awholefolio. The technical responsibility—when we hand something to
the pilot plant—doesn’'t end.
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BOHNING: I'm wondering if we could go back alittle, to get some dates and timesin a
framework. I’m also not quite sure about some of the places you mentioned. But | have one
guestion about Boston University, if | could go back that far. Was Newman there when you
were there?

KAROL: There s abuilding named after him.

BOHNING: Hewasinvolved in the history of chemistry. One of the rooms there had a history
of chemistry collection.

KAROL: Yes. Thenamel recall.

BOHNING: Asan aside, hewas very heavily involved in the history of chemistry and had quite
acollection then. We're trying to determine what’ s happened to it.

KAROL: | was on the alumni board in the chemistry department. The chairman of the
department, at least ayear or so ago, was Guilford Jones.

BOHNING: Oh, yes.

KAROL: He rediscovered me, in away. When | won the Perkin Medal, he asked me to come
to Boston University and talk with them. | gave lectures and ended up renewing some
acquaintances from way back. Arno Heyn wasthere. | don’t know whether you know Arno.
Hewas in the analytical end; he'd been there alot of years. Also Gil Jones and Norman Lichtin.
So | have renewed acquaintances up there, but | think it’s through the library that | know the
name, Newman.

BOHNING: Apparently, much of it was put in boxes someplace. We're not surewhat’s
happened beyond that.

Did they have a history of chemistry course when you were there?

KAROL: | don't recall that.
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BOHNING: Okay. Y ou had two papers published with Wayne [L.] Carrick when you were at
MIT (2). | had assumed those came out of the work you had done in that first three-year period
at Union Carbide. Also, you indicated that Carrick was another influential person in your life.

KAROL: Yes. Hewasmy first supervisor. | had just come out of the service. | had graduated
from Boston University. It was the beginning of Ziegler-Natta catalysis. He gave me an initia
assignment to look at something. | got fascinated with copolymerization, the capabilities of that.
So | worked in studying copolymerization and studying alot of the rules of the game in that
regard. Wayne was very supportive of the work we were doing at that time.

We were very interested in what made these catalysts work, what were the factors? A lot
of the publications focused on methods to probe the nature of the active site. It wasavery
stimulating environment. It was an interesting thing; it was an old, dilapidated building, really
not much of afacility. No air conditioning, two- to three-man laboratories, not very much room,
no elaborate cafeteria or anything like that. But there was an environment of excitement because
there was really an emergence of organometallic chemistry. That’s what drove a number of us
to work. We thought we were finding out alot of things. It looked at that time as though we
might even have had a catalyst of our own.

For me, just starting, it was a nice environment. | had alot of freedom to do some things
and work very hard. | remember coming in evenings and working. Wayne was there, and we' d
have discussions. So it was avery stimulating environment. I’ m certain that’s the reason | came
back to Carbide, because | got better offers at other places. He and | worked well together.

BOHNING: It amost sounds like an academic environment.

KAROL: It had alot of that. We weren’t worrying very much about the business end. It was
more, “Gee, thisisinteresting stuff. Let’'sdo it.” [laughter] It wasjust very open at that time.

Carbide was already in high pressure polyethylene, from way back. Anything we were
doing in polyethylene was okay. The company had alot of money; things were going well. We
had freedom to do research. We never dwelt much on budgets, as| recall. At least, | wasn't
exposed to much of that. We were pretty excited about what we were learning.

| hated to leave. | was doing thiswork, and | thought it would be very productive. |
decided to leave in 1959 to go back to graduate school. | hated to leave the research area. Then
when | came back, | was asked whether | wanted to work in several other areas perceived by
management, perhaps, as more important than what I’ d been doing before. | said, “No, | don’t
want to do that.” 1 figured I’d get back to my first job. Again, arelationship did that.
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BOHNING: In 1972, you had two more papers on chromocene catalysts (3). | wanted to ask
about the attitude of Carbide towards publishing papers at that time. Did that attitude changein
later years?

KAROL: Wéll, there' s the whole issue of proprietary technology. We had devel oped the
chromocene catalysts. We had received some U.S. patents on them. We thought we had some
very important things to say about them. What we did was, we wrote the things up, submitted
them, and gave justification for why we wanted to publish. It wasreceived favorably.

If something is protected with patents, and it looks like an important contribution—to go
through putting it together and submitting it, | think alot of times people don’t want to go
through that effort. But if you go through that effort and people can see what the document is,
as opposed to some vague proposal, it helps. | found it’s afantastic learning tool for me
personally to do that, because | find out what we really know. Evenif it didn’t get published,
I’ve had an important learning experience in that regard.

| think part of my role has been to be a spokesman for technology at Union Carbide of
the catalysis that we're very proud of. Thisthe most important arenain al of Union Carbide.
We could license the technology. It’simportant for people involved in the technology to
represent these. It's good for licensing; it's good for the individua personally.

So, my philosophy again regarding thisis, there are various attitudes about, “ Should we
or shouldn’t we publish?” What | have doneis, when | think there’s something that ought to be
said, | put it together and submit it. 1'd say, “Thiswent okay.” Thisis covered under these
things. We go through a dialogue as to how much proprietary stuff isin there. I, over the years,
have given a significant number of presentations around the world at various meetings.

| think it'sagood thing to do. Butit’'saprivilege | don't want to abuse, in the sense of
getting into situations where we disclose it prematurely. That was the attitude in 1972. “Here
are some catalyst results. Wethink it's good; we're proud of it. Here, thisiswhat the papers
are.”

Most of my writing of papers| never do here at work, anyway. | doit at home. There
are long, sustained periods of quiet time. Thisisthe only way | can write apaper. | don't liketo
spend ahalf hour onit. I’d never get anything done or get into atrain of thought. So that’s been
my attitude: put it together, let somebody take alook at it.
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BOHNING: You vefollowed the research ladder at Carbide. | have afew questions about that.
However, before | move to that, did you ever think of moving into the management side of the
company?

KAROL: Yes, sure. | looked at that. | was concerned that | might get removed from
technology, which is, | think, an important strength | have. I’ve had a group working with me
since 1968. It'svaried in size. I’ve had afew people, as many as fifteen or so—Ph.D.s,
something of that order. It varied from onetimeto another. So I’m not sure whether I'm a
traditional scientist or amanager with ascientist’s hat. But right now, a number of people work
with me.

There' san administrative organization. Then there’ s afunctional organization. | have a
lot of interface with regard to the programs that go through the pilot plant, product, aswell as
some line responsibility. So I’ m a scientist-manager or manager-scientist, depending on how
you look at it. I'd always had, at least since 1968, people working with me—I don’t know what
you want to call it. Asopposed to a manager doing budgets and personnel, without having a
significant technical component, I’ ve not been in that role. But | have had people working with
me.

BOHNING: You started out smply as achemist. Then you became, successively, a project
scientist, aresearch scientist, and a group leader. Did each of those changes involve more
responsibility?

KAROL: Yes. What happensis, there saset of grade levels. Thetitlesrefer to acertain grade
level with a certain aspect of responsibility. In general, as we progress up the ladder, our span of
responsibility increases, and also the credibility we' ve established in the organization. So aswe
move up, the freedom to do thingsincreases. So, yes—it’s credibility; it’s responsibility; it's
independence as we go up the ladder.

BOHNING: In 1978, you were research associate and group supervisor. | would like to know
what happened beyond that time.

KAROL: In 1980, | got promoted to corporate fellow. Thetop ranks in Carbide are corporate
fellow and senior corporate fellow. A corporate fellow is equivalent to, say, an associate
director. Thenin 1984, | got promoted to the highest technical rank at Carbide, senior corporate
fellow. That's equivalent to amajor director.
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BOHNING: Again, | would liketo fix some datesin mind. Thefirst pilot plant in Texaswasin
1965.

KAROL: You'retaking Texas, there'sno pilot plant there. The pilot plants arein South
Charleston.

BOHNING: That’'sright. The prototype reactor was 1968. That wasin Texas.

KAROL: That'sin Texas. That was the first Carbide fluid bed commercia reactor. In 1968.

BOHNING: Wasthat still primarily HDPE?

KAROL: It wasjust HDPE at that time.

BOHNING: Oh, just HDPE.

KAROL: In 1968, that was HDPE. In 1977 was our announcement of linear low density
polyethylene. We were actually manufacturing it afew years before, but not the really preferred
film grade. Inthe 1970s, that would have been. The dates that the public is aware of are 1968,
then 1977 for linear low-density polyethylene.

BOHNING: The pilot plant for LLDPE was made operational in the time period 1972 to 1974.

KAROL: Yes, thepilot facilities.

BOHNING: The first commercial production occurred in 1975.

KAROL: Yes. Then the announcement wasin 1977.
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BOHNING: At the sametime, in one of your papers, you discussed first-generation catalysts
(4). Later in the same paper, you then discussed second- and third-generation catalysts. Were
these first-generation catalysts the titanium-magnesium catalysts, or were they chromium?

KAROL: In 1970 to 1974 were the first-generation chromium-based catalysts.

BOHNING: Those were chromium.

KAROL: They werefor low density polyethylene. In 1976 to 1980, the second generation for
LLDPE were the titanium-based catalysts.

BOHNING: Where did the name UNIPOL come from? Union Carbide registered it asa
trademark name.

KAROL: Yes. It came out of our headquarters. | did not coin that name, but it’ s the
combination of Union Carbide with polyolefin. | got involved in naming all of the catalysts—
we have our own way of describing them—~but the description for this was done at headquarters.

[END OF TAPE, SIDE 3]

BOHNING: Theorigina Zeigler-Natta catalysts were in the early 1950s.

KAROL: In 1953, 1954.

BOHNING: Was catalytic research going on in different petroleum companiesin this country
before that time?

KAROL: Clearly, there was not necessarily any research to make polyethylene. No one would
believeit. But there waswork going on in the very early 1950s at Standard Oil of Indiana and at
Phillips Petroleum.

BOHNING: Okay.
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KAROL: Phillips discovered a chromium oxide catalyst at about the same time, or maybe a
little bit earlier than, Ziegler and Natta had discovered polyethylene—1953, 1954. The whole
Ziegler-Natta areamerged. Phillips concentrated on that catalyst and was the main licenser of
the catalyst throughout the 1950s. We were alicensee of Phillips.

[J. Paul] Hogan and [Robert L.] Banks got the Perkin Medal afew years before we did,
for their initial entree into this area back in that period of time. It was an impressive operation,
in terms of being able to take a composition and then trandlate that into process. The process
that they sold was a combination of a solution process and a slurry process, using their catalyst.
In the United States, for alot of years, the Phillips process was the dominant process for making
polyethylene. In Europe, the Ziegler-Natta process was the major one.

Now, as time went on, we established our own identity, in terms of our own proprietary
catalysts. One of the problems with the chromox [chromium oxide] catalyst, when you runitin
agas phase, is you couldn’t make awhole range of products in terms of molecular weight,
because the catalyst was one that basically did not have any chain transfer to hydrogen; so you
couldn’t control molecular weight. Phillips spent an incredible amount of time trying to
understand this behavior—a phenomenal amount of effort.

One of the things we discovered was—if we went away from the chromium oxide
catalyst and used our chromocene catal yst—by converting from one chromium compound to
another, it allowed us to control molecular weight very easily, because our catalyst had a very
good hydrogen response. It was one of the main reasons we were able to make a variety of
products back in 1970. We would not have been able to run chromium oxide catalystsin the gas
phase to make awhole range of products for high density, if we didn’t, at that time, have a
chromocene catalyst. So we were in a sense competing with what was going on with chromox.
Phillips continued to study their system.

| began to recognize and have a greater appreciation that the way to change the
capabilities of catalytic systems was not just to concentrate on one, but to look at a variety of
systems with different ligand structures. This approach was a very important contribution back
in 1968. One of the driving forces for why we published that paper in 1972 was because it
showed that ligand design around cataysts is very important (5). Today this perspective is very
important with other systems. There’s awhole family of new catalysts where people are using
the ligand design—what we were using with chromium. It was very important. It created a
sense of departure for us.

Also, with the Phillips slurry process, when Phillips tried to make linear low density
polyethylenes, the solvent gets to be a complication because it tends to swell the polymer, so you
couldn’t drive the density down too far. Although, as| said, Phillips was a very important
contributor to early technology, from 1951 on, for many years.
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Have you talked to Hogan and Banks?

BOHNING: I'm supposed to see them in late February (6). | have atrip planned to the
Southwest.

KAROL: | think they're both retired. | know Hogan isretired.

BOHNING: Asan aside, I've been at Phillips severa times, and | know their archivist. Phillips
has a very good archival collection of material.

KAROL: They seem to be conscious of history abit.

BOHNING: Yes.

KAROL: I've been trying to capture that sense here at Carbide, on the history. My experience
with the Phillips people was that they’ re very conscious of that.

BOHNING: Their corporate headquartersin Bartlesville has that. The second floor istotaly a
museum.

KAROL: Oh, really?

BOHNING: It'svery, very nice. It capturestheir history al the way from the first filling station
to the North Sea drilling platforms. They’'ve done avery nice job. They have a beautiful
photographic collection, and they have afull-time archivist who does nothing but maintain it.
It'sagood research facility. I’ ve gotten nice documents on some World War 1l synthetic
rubbers, another interest of mine. Their photograph collection is enormous.

KAROL: | wastrying, afew years back, to take our reception area and use it to show some of
Carbide' s history. | thought we ought to make it more the kind of thing you were talking about.
I think we need to do something in that regard. We're renovating some of the buildings, and we
need to capture the sense of history, more than we have in the past.
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BOHNING: The American Chemica Society runs what’s called the National Historical
Chemical Landmarks program. Thisis meant to be a grassroots movement on which
nominations come in regarding collections, sites, and products. We recognize these as being
historical chemical landmarks. We ve put a plague on the Chandler Laboratory at Lehigh and a
plague on the Priestley House at Northumberland.

Y esterday | was at Dupont’ s first nylon plant in Seaford, Delaware. They're talking
about building alittle museum at the plant site, open to the public, which would capture the
origina production of nylonin 1938. It's going to be very nice whenit'sdone. A lot of
companies don’t do that.

KAROL: Have you noticed Leo [H.] Bagkeland, who started things here many, many years
ago—also a Perkin medalist, deceased. They put the Bakelite autoclave, which was hisfirst
reactor, in the Smithsonian Museum in a specia new branch they have.

BOHNING: Yes. That was the first Historical Chemical Landmark, actually.

KAROL: Yes, yes. Right.

BOHNING: That wasto get the program kicked off. Now we' re working with the Sun people
on the Houdry process. Part of the problem with an industrial processisthat it’s hard to know
where to put the plague. 1t's meant to be educational for the public, but most plant sites are not
available to the public.

KAROL: Oh, | see. Certainly the UNIPOL reactor, in terms of the history of chemistry in
polyolefins, isamajor landmark. But again, it sitsat aplant site.

BOHNING: To go back to that ACStalk (1), in table 18, you listed the factors that were present
in the climate in the UNIPOL world. I'd liketo list them and have you respond to them in some
specific way.

KAROL: Yes. Freguently, we get caught up in al of the chemistry without an appreciation of
the atmosphere. My intent was to try and capture some of that.
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BOHNING: Youdidit very well.

KAROL: Herewe are. [indicates tabl €]

BOHNING: | waswondering if you could comment on some specifics for each of these. We' ve
talked alittle bit about “Leadership.”

KAROL: Inthe context that | was looking at |eadership, there was leadership at the very top of
the organization relative to this. Therewasaplan. There was motivation provided by the
leadership: “We're going to do this. We're going to give you the financial support for your
R&D, and it's very important.” I’ ve mentioned to you two peoplein the very early days—John
Luchsinger and then Bill Joyce, who has had a very significant impact not only in this area, but
inal of Union Carbide.

But there was leadership at lower levels, guiding components of the program along the
line. They created an enabling environment, a financial environment to do things. “We' re going
to spend the money and do it, and we' re going to get the bureaucracy out of theway.” When we
needed something, we had an ad hoc group who made sure that, if there was something we
needed, we'd get it without going through all the bureaucracy. That’swhat | meant.

You cometo “Vision.” We knew, way back, that the industry should move in this
direction. We knew we had the lowest cost process. We had the licensing vision; we were
going to be amajor licenser of this technology around the world. We knew we wanted to do
that. We set up an organization to do it, and then we basically did it. Soit’saworldwide
process, and UNIPOL isaword that’s used and known by anyone in the industry. Coming with
that goal, there was a commitment of dollars and resourcesto doit. It wasn't that we got it for
three to six months. It was alonger term commitment to provide the funding to do it.

BOHNING: Was there ever any danger of the plug being pulled?

KAROL: Inthe early 1970s, when we were trying to establish credibility for the technology and
we weren't being successful, we had one interesting situation. We were up for budget for the
coming year. The question was, “What did you do in the past year?” I'm talking 1972 or so.
We hadn’t seen much happening. So | got together with a couple of people, because we had a
very small group. | said, “We have to establish some credibility for our catalyst program. Even
if it's not al finished, we're going to do something.” | felt that there could have been a period
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where, if we weren’t going to demonstrate something soon, we might lose resources. They'd
think thiswasn’t viable.

I think once we got beyond 1977, nobody was going to pull the plug. We knew we had
what we wanted. Beforethat, we didn’t. But we had what amounted to a very specialty
business. After that, 1977, it was just a question of putting in the manpower to develop the
technology.

BOHNING: Do you think that people like Joyce served to insulate you from those above them?
Y ou say they were the leaders, but they had to account to somebody el se.

KAROL: I'm sure, for aperiod of time. There was aways this question of whether we should
be moving more towards specialties, as opposed to commodities. There was amindset, “Arewe
ever going to make any money on polyethylene?” We used to have aranking of businesses. For
awhile, polyethylene wasn't at the top by any matter or means, because it was viewed as
cyclical. 'You made money for one year, and then you lost money for a bunch of years, and then
you made money. How can you run a business like that?

When we put the licensing business into our portfolio, we had a source of more steady
income. Then we could ride the cycles, using licensing income. That changed the perspective
on the polyolefin business. But yes, | think that if we hadn’t done what we did with UNIPOL,
we would not even be in polyolefins today. | think that alot of the business aspects of this,
relative to commitment—selling the board of directors alone—had to be very difficult.

Tom Tomfohrde, Joyce' s boss, was aso, | think, important in terms of being supportive
and committed to the UNIPOL process and licensing. He was on the same wavelength that
Joyce was, in terms of direction. We had people for licensing versus not licensing. “Why
would you give this away to anybody? What will you gain by doing that?’ There was a mindset
that had to be changed. No doubt there was resistance.

BOHNING: Atapre-World War 1l styrene development project, Willard [H.] Dow said, “It was
an example of patient money and a prayerful attitude” (7). That seemsto sum up alot of things.

KAROL: It came out so many different times, in atechnical setting. You're a a point where
you need to do something to demonstrate credibility, so you go take more risks than you might
want, because you need to demonstrate a point. If you look at just the lab date that we had at the
time we went and scaled up to the pilot plant, just looking at the raw data, there was minimal
justification to do therun at all. What tended to happen was, in a gas phase setting, we got
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improved performance over the laboratory. Now, it turned out that those improved
performances were due to some factors that we hadn’t recognized at the time. We kind of had
luck.

| have at the bottom, the last item here, “Luck.” We were working in an environment,
and as aresult of that, we wanted certain things to happen. Welook back in hindsight and say,
“If this had happened and that had happened in the reverse way, we may not have had this.”
Eveninacommercia setting, if we hadn’t done things in a certain sequence, it’s unlikely that
we would have had the credibility to do this.

I guess luck comes to people who are out there, willing to take chances, and can do some
things. But we've had several circumstances where we were very lucky, in just how things fell

into play.

| guess I’ve covered this “Can-Do-Attitude.” My feeling, and the feeling of the people
involved was, “Yes, we can do this. It'salot of work, but it can be done.”

We certainly were focused. When you come up with anew area, there' s about twenty
different ways you can go. | think it wasimportant, at al levels, to focusin on exactly what we
wanted to achieve. We put the resources on it; we moved the resources. Here'sawhole
existing business of high pressure polyethylene. We took people out of high pressure and put
them into low pressure—even at the risk that maybe this business might not run quite as well.
We said, “If there’ s an emergency, we'll have them there. But we're moving out of that area, so
let’s move these people.” A number of the people who ended up working in the low pressure
area had worked with the old technology before.

I think we had some good people, outstanding people. Therewas alot of creativity in
terms of people being alowed to use their imaginations. Asin any large industrial organization,
therewas alot of teamwork going on.

Everyone wanted to make the thing work. 1t’sfun to be in asituation where you're
going to change the industry around. Thisindustry is so huge. We're not dealing with fifty or
one hundred pounds, we' re dealing with billions of pounds of materials—the world’s largest
thermoplastic—and we' re making it by an entirely new process. It'skind of different. You had
a sense that there's some history; you’ [l remember this when you get old.

I understand, in some of the courses in business technology at some of the big business
schools, UNIPOL is cited as an example of new technol ogy.

Thefellow at Kinsey Associates, Foster, used to give seminars about technol ogy

development. His attitude was that generally, when there’ s new technology coming out, it
comes out by someone el se attacking the people trying to preserveit. It was an interesting case.
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We were attacking our own technology, which seemsto be alittle bit different than the normal
situation.

BOHNING: Y ou changed the whole economics situation at Union Carbide so drastically.

KAROL: Oh, yes, very significant—just the cost of equipment to run under high pressure
conditions, and the maintenance. A number of the products, they're better. Some products were
still better by the high pressure route. We are still evolving with low pressure technology. We
think that, as time goes on, some of the remaining high pressure products will give way as
well—it will be more and more low pressure. | don’t know how much construction of high
pressure equipment has taken place since 1977, but it isn’t very much.

That coversthelist, | guess.

[END OF TAPE, SIDE 4]

BOHNING: | want to look at table 19 (1). But before we do that, | want to turn to the whole
concept of teamwork. Some people prefer to be loners working in a research environment.
How do you identify team players?

KAROL: When | have new people comein, | make ajudgment just from talking to them: “This
person would be good in doing research in the laboratory.” Then | had afellow comein,
looking back some years ago, where | said, “He would be very good in an interface role. We'll
get him involved in our pilot scale activitiesin the plant.” So in my own case, | make some
judgments by seeing persons. We try them out and see how well they work.

Asfar astheloners are concerned, if a person functionsin that category, that’sfine. |
want them to have an appreciation for the fact that just because they’ re doing research in the
laboratory, doesn’t mean that their research is a thousand times more important than anything
else. There samindset. You need to understand what other people are doing. Even though
you're doing research alone—being an individual contributor—you ought to understand the
context of the work you’ re doing, because ultimately, the work you’ re going to do must have
some impact in the organization. Y ou’'ve got to understand what the rest of the organization is
about.

Some people do better doing laboratory work, although a lot of people like the interfaces

that occur—particularly if they’ ve got their own thing they’ re doing. They want to carry it with
them so that everybody doesit right. [laughter] We don’'t have much of a problem with people
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interfacing with each other. Now, some people do it better than others, and some people are
more conscious of this.

It's built into what we're doing. We' ve operated in such away that when people come
in, they just get involved in the culture. If aperson isaloner and works aone, that’'s okay—
provided he has appropriate perspective as to the context of the work.

BOHNING: Let'sgototable 19. Here are some other generalities about the UNIPOL process.
Thefirst phraseis, “The Wedding of Many Technologies.”

KAROL: Catalysts, process, fabrication, stabilization—all of these things need to be integrated.
UNIPOL is acombination of disciplines: the purification of the monomer, the control of
reaction rates, the construction of the facilities, the ways of making catalysts. There'sawhole
string of pieces, all of which must work together in order to make the product. An incredible
amount of work went on among engineering, manufacturing, R&D. If we don’t talk to each
other, there’s no way we're going to get this thing to go—that’ s what that means.

With many inventions here, we set out to cover the aspects of the catalyst, the aspects of
its manufacture, the operation of the fluid bed. We have patents and know-how on alot of these
aspects. The bottom one, “Important Contributions By Many Investigators,” isalot of creative
people doing things. Y ou always run into the issue of individual recognition of visible group
efforts, in terms of the balance of this.

| wanted to acknowledge that here | am, I’'m given thisaward by the ACS. | didn’t want
to leave the message that, “I’m doing all of this by myself,” because that is not the case. | spent
alittle time emphasizing that from the management point of view, we give awards to an
individual—but in an industrial context, thisis agroup effort. That’s what that was about.

BOHNING: Whose names were on some of the crucia catalyst patents? Was it your name and
many others, or just yours alone?

KAROL: It'saspectrum. If you look at the key patents, there are some with me and maybe one
other person, some with five or six names on them, and some where I’ ve just got my name on
the patent. The names are scrambled. Some of them, another person’s nameisfirst. There
seems to be concern sometimes about first names on patents. We scramble them. Wetried
alphabetical for awhile, and we' ve ended up with just a whole spectrum of different approaches.
| told the attorneys—in alot of cases | gave them guidance as to how to put the names—that this
was not created as a one-man show. We've reversed names on many of the patents.
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So the answer is that some have just one or two, or they could be five or six—
particularly for ones that involved the interface between the laboratory and the pilot plant, where
we contributed a piece and the pilot plant contributed a piece, and there was lots of discussion
going on. In those cases there could be a number of people, because each one is contributing
some aspect of it. It varies.

BOHNING: What was the approximate size of the UNIPOL team?

KAROL: At what time?

BOHNING: At thetimewhen it was ready to go in 1977.

KAROL: Waédll, let’sgo back alittle bit before that. 1n 1973 and 1974, the catalyst effort
involved one fellow and me in the laboratory. There was maybe one process person and a
supervisor down in Charleston, and maybe a couple of product people. We're talking anywhere
from two to six people, depending on what particular year, 1973 or 1974. But it was just one
person in the lab. From that effort to where we are today, where we have lots and |ots of
people—I don’t have a count, but it’s certainly huge compared to where we started off in 1973,
1974.

We looked for new catalysts because we felt that was key, to get to these new materials.
We did that in 1975, 1976. We still weren’t sure whether they were going to work until we went
to the pilot plant. In 1976, | guess it was, when we made those runs and evaluated the product—
we knew as soon as we saw the product that we had what we wanted—the effort went up very
rapidly, just afew people to ahuge effort. We have hundreds of people in R&D today who
associate, one way or another, with UNIPOL. It was abig, big change.

BOHNING: Would you say that UNIPOL is the business that keeps the company afloat?

KAROL: Probably, yes. | think it's the most significant businessin Union Carbide today. It
certainly is aworldwide business. We have a number of joint ventures—one that we' re just
trying to complete now with Enichem in Italy, and one with Atochem in France. We have a
huge complex in Kuwait. Theintent thereisto put an ethylene cracker in to get the ethylene,
then to use that ethylene in the UNIPOL process for polyethylene, as well asto make ethylene
glycol. Glycol and polyethylene are two large businesses. Polyethyleneis doing very well in
licensing.
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One licensee has large facilitiesin Saudi Arabia. We're having an entree into Europe
now. In Union Carbide, we went—at the same time—from almost one hundred twenty thousand
employees down to less than twelve thousand empl oyees, so the whole nature of the company
has changed. Lots of business areas that Carbide was in, they’ ve been sold or spun off. Praxair
was spun off. Some of them were sold. We've gone out of some businesses. Sowe'retruly a
chemicals and plastics company now. In the past, we were involved in al kinds of things—
carbon products and consumer products. UNIPOL technology is amajor business today for
Union Carbide.

It'sahuge change. It’s the reason why we want to have credible technology where we
have the leading technology. We certainly believein thisarea. We're going to do whatever we
can to continue to reinforce that.

BOHNING: The next thing I’d like to look at is your Perkin address, which you’ ve entitled,
“The Roots of Innovation” (8). You' ve aready talked about how you’ ve defined innovation.

Y ou said it depends on teamwork, and we' ve aready talked about teamwork. Y ou also said that
innovation depends on a strong marketing network.

KAROL: We' d established that we had a process that could make a product. These products
were different from high pressure ones. They happened to be better in a number of applications.
But we had to educate people that different wasn't adeficiency but an asset. These materials
fabricated somewhat differently from high pressure material. We needed to convince people
that changing the extrusion behavior would be a benefit to them. So we addressed the status quo
of, “Thisiswhat we have today. Why are you coming in with something like this?’

How do you educate people, as you create what we call a polyethylene revolution? Since
it's made by a different process—even though it’s an improvement—the public had to be
receptive. | think that’s characteristic when you come up with something different. Theinitial
reaction is, “Who needs you? Y ou're creating problemsfor me,” as opposed to an opportunity.
That’s what | meant by the marketing aspect.

BOHNING: Another aspect is related to that: learning to listen to what the customer wants. |
think the chemical industry has changed alot from the old days, when their attitude was, “We
are making all this chlorine, come and get it.” Now I think they realize that they have to develop
something for the customer’ s needs, instead of finding a customer to buy their products.

KAROL.: 1 think the whole industry has changed, in terms of customer focus and understanding
what are they trying to tell us—to listen to that, as you have mentioned. | thought it was
important to capture that aspect in the presentation.
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BOHNING: You aso discussed your ideas about innovation being motivated by what you
called fear, or competition.

KAROL: Inthisindustry, there are alot of players. Everybody’sworking to develop something
new and different. The last thing you can do is be complacent—assume you' re sitting at the
peak. Infact, if you think you're at the peak, you probably ought to be running as hard as all,
because there's a bunch of guys who have you targeted to knock you off the peak. [laughter]

So it’'s an important concept, to recognize that you' re not donein the world. People are
going to compete with you. If you stand still, you won’t do anything. Y ou want to get out there.
When you think things are going well, you probably ought to run with as much fear as any, as
opposed to polishing the sails on the sailing ships. No one’s going to have a better idea—and
then you find out somebody who's got something entirely different.

BOHNING: Aspart of that, the increase in competition comes from both World War |1
activities and now global industry—as opposed to industry concentrated in afew countries.

KAROL: Recently, | had an opportunity to be in anumber of different countries—Europe, Asia,
Japan, China. There are big things happening there, the competition you see emerging. | was
struck by China, seeing the amount of construction going on. The people seem to be very active
in terms of motivation, from what | saw. We have to recognize what’ s happening in those
countries.

We have a number of licensee projectsin Chinatoday. They’re building new UNIPOL
process plants. But understanding the people, the culture, what they’ ve trying to do—how do
you adjust to their desire to be fully competitive? It’ s very different. Whole different kinds of
people need to be out there understanding that—not only from a management point of view, but
what about the technology things that are happening there?

When we were putting units over there, we were struck by the dedication some of the
people were putting into getting those units built up and running quickly. Many of them did a
very finejob. But astime goes on, they’ll be competition. There arelots of things happening
around the world.

BOHNING: You said there’ s another side of the coin. In addition to motivation by fear,
another motivation was the fact that it was fun.
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KAROL: Oh, yes. | think people, when they’ re working on something they think the company
cares about, are willing to put resourcesin. Y ou can take your own gpproach and tinker with the
whole business arena. People like that. The discouraging thing is when you’ ve started working
on aproject, and there's no funding six months later—just as you think you' re getting started.
The threat of pulling the plug within six monthsis not as much fun as working in an areawhere
you'’ re doing something that’s important, management cares about it, and it’s scientifically
interesting. It'sabig combination. Peoplelikethat. It's fun playing around with that.

BOHNING: Aslong asit’s fun for the people who are doing it, you get alot more productivity
at the same time.

KAROL: Yes. It'safragilething. You need to be sure that those individuals who areinvolved
in the specifics are having the same kind of fun you’re having. [laughter] That’s something you
have to watch out for.

I think climate, atmosphere, and an enabling environment are critical. Monitoring just
what that environment is, isimportant. Y ou think, “I created this environment.” Then you find
that it isn’t really that environment. [laughter] It'satouchy issue. It affects motivation. It needs
to be monitored. It'savery intense level of motivation, thiswork. We' ve gone into phases
where we' ve consolidated our gains before we took the next plateau. So we go through plateaus
of demonstrating, consolidating, reinventing.

BOHNING: You listed afew factors that would help you identify potentia innovators. One of
these was people who were in a hurry.

KAROL: Yes, asense of urgency. | think that’s important. There are so many things we could
do. We could study something forever with the sense that, “If | do this and maybe publish a
number of papersin this area—if | get it done this week or next week, it doesn’t matter.” We're
in arace with other countries, but they’re not taking that attitude. They’re out there, they want
to make something happen. So we have to have a sense of urgency. Time s very important,
between first identifying a major discovery, then taking advantage of it. We ought to treat it as
urgent. Why does it take seven to ten years to commercialize something? Why can't we do it
sooner? It creates a sense of urgency.

BOHNING: Another factor you listed in identifying potential innovators was an independent
spirit.



KAROL: Just because | go to somebody and say, “Y ou want to do this? You might want to
look at it thisway,” doesn’t mean they haveto do it that way to get an answer. Frequently,
people say, “He didn’t know how to get there. | know how to do it.” We ve got to create that
atmosphere so that we all have the same objective, but we know there are many pathways to
creating something. Theideais, “You’re smart enough to figure out some other things.”

Y ou want to be sure they have the opportunity to look at some other things. If we say,
“We believe those things have better ways than what you thought about,” they have longer to
think about it. That’swhat that is about—as opposed to saying, “I'll doit. How do you want
meto doit?’

BOHNING: Thelast one was something | liked. You said that potential innovators see
difficulty as a challenge, not as a roadbl ock.

KAROL: Yes. |think it speaksfor itself. Good people like significant challenges, and they
want to go and do it. They look at obstacles as something to push out of the way—as opposed
to, “Thisistoo difficult; | don’t want to get involved in this.”

In terms of peopl€e' s accomplishments, people can list alot of things they’ ve done at the
end of the year. The question we're always faced with is, “Was it very difficult?” We can get
somebody who' s listed ten accomplishments during the year, and we say, “Why did it take you
so long to do those ten?” This other guy has overcome only one, but that one was so significant
compared to the others. That’simportant in looking at people. What are we asking them to do?
Are we giving them an easy job, or is it something really significant?

BOHNING: You aso said that innovation can be messy and disorderly.

KAROL: There' sno structure in the early stages of this. My people are groping: they have
some ideas, they want to do it thisway. They try it; it doesn’t work. A couple of other guys
think they have better waysto doit. They need to probeit. So we go through a period where
theinitial demonstration of credibility involves the creative interplay of one or several people.
To have a person fail once or twice—or not have rational explanations for everything he's
doing—is part of how this happens. There sarisk in creating too much structure too early.
That’ s not the nature of research.

| worry abit about that one, because | think there is frequently an attempt to put lots of
structure and order into a process that’s inherently disorderly. I’ ve seen it anumber of times.
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I’ve seen how it works. Preserving that perspective on being messy and disorderly, not for the
sake of being messy and disorderly—it’ s just the nature of it. I’m not sure how much you want
to systematize this kind of thing.

| constantly have interactions with my engineering friends who tend to be more
structured and orderly than | might be. In fact, the reason we're here, rather than in my office, is
that my office isdisorderly. | don’'t have alot of room for usto talk. | don't know whether
that’sagood sign or abad sign.

Thereis aprocess here. The people who have made inventions are now trying to go
through the innovation process. It’s amorphous; it’s squishy; and there' s not much structure.
But the thing that drives that is motivation. It’'s the perception that we need to get there. We
can’'t endorse chaos, but I’ ve said to all the people who worked with me, “Never let ignorance
prevent you from making progress.”

Sometimes we don’'t have al the answers—because we don’t even know the right
guestions to ask—but we haveto try this or that. Don't let the fact that you don’t know
everything about it disturb you from going to the next step, because, in the process of getting al
the information, the parameter you' re playing with istime. It can take you an awful lot of time
to do all that, and there’ s a balance between having a certain amount of information.

My philosophy is not universally acceptable, but that’s how | see the thing and how I’ ve
operated in the past, at |east with some success.

[END OF TAPE, SIDE 5]

BOHNING: Y ou might want to inject some additional comments. One of the other things you
said about innovation was that it involves risk.

KAROL: If you're going to do something different, you' re sticking your neck out to a certain
extent. Y ou don’t know how things are going to happen. Y ou're going to find that things didn’t
work out. You have to be able to accept that. If somebody asks you, “How come thisisn’t
working? Why are you spending so much time?’ you have to be prepared to do that.

Most people aren’t risk takers, not really. Y ou have to do that, to do something new and
different. You're going to stub your toe. Y ou have to be prepared to do that. If there's an
enabling environment at the top of the organization that says, “ Thisisimportant. We recognize
that there’ s going to be risk associated with this project,” it's okay. Otherwise, you're just
making small incremental changes, and you always stay in the same box. If you want to get out

36



of the box, you have to take risks. Sometimes you get put in the penalty box, sometimes you
don’ t—depending on what happens.

BOHNING: Essentialy, you spent your entire career working on catalysts. Did you ever get
tired of that? Did you ever wish that you could go off to atotally new area and start something
else?

KAROL: That istrue. But when you look at it from an R&D point of view, what we're doing
in catalysisinvolvesalot of things. It involvesthe synthesis of exotic organometallics. It
involves interfaces with alot of different people. It involves worldwide interactions with people
in this process, as abusiness. | interface with alot of different peoplein alot of different areas.

| don’'t look at it as, “You' reworking in catalysis, in alaboratory with the door closed
every day.” That’snot what | do. | happen to play around alot with catalysts, but the exposure
I’ve gotten makes the job worthwhile.

BOHNING: Did you have any memorable frustrations, setbacks, or failures along the way?

KAROL: Oh, yes. You go back and try to establish credibility for these kind of things. A
number of times we' ve done things and they haven’'t worked. There's been frustration along
that line.

BOHNING: How have you dealt with that?

KAROL: My own dealing with thisisto continue to plow ahead. People have made those
comments—but at the same time, they haven’t. We haven’'t gone the process of, “We need
somebody elseto do this.” We're allowed to redeem ourselves.

There are always organizational changes that occur at any big organization. Some are
good; some you think should not have occurred. Y ou have to grapple with that over a period of
time, in terms of what you would have expected. Always the biggest issue is where you don’t
feel you'rein control of your own fate. That’s the worst thing, to me, that can happen—not
control your own fate.

Things occur in organizations where you feel you should be part of the process. Things

occur where you' re not part of the process and you have to take the outcome. They affect what
you do. Those circumstances were always difficult for me to deal with. When I’m in control of
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my own fate, | can overcomethings. But in big organizations, there have aways been situations
where there' s frustration. There' re so many people involved, and so many different parts that
impact on you, such as, “That’s not the way that should be done, and you can’t control it.”
That’s bad. | think organizations need to grapple with that—as opposed to individuals with
sensitivities of that type.

The human rel ations aspects always get to be part of any organization when you're there
for awhile—as to what you perceive as the best things to do, and what the organization
perceives as the best things. Sometimes they don’t match.

Some of those are difficult for me. What saved meisthat | could get involved enough in
the details of the work, that | could ride out some of those. If | hadn’t had something that was
challenging and interesting, that would have been more difficult. Those are always, always
difficult ones with organization. How do we best do this? As organizations change and new
people get involved, it's dways a dinosaur complex. They say, “You never did it that way
before. Why are we doing it that way now? It worked thisway. What's your experience that
saysit’s going to be any better?’

There are two partsto that. Just because they did it that way before, doesn’t mean it’s
right now. On the other hand, part of the history in chemistry is, “How does an organization
preserve what it knows are good things to do?’” A way to operate, away to think, away to do
things. How do you transfer that to people in an organization? Are they going to be receptive to
that, because they see things differently. That’s the big challenge in an organization—to
preserve its creativity and identity as the organization changes. This could be awhole study in
itsown right.

BOHNING: | think personality hasalot to do with that. It'sinnate. If acompany hasthe right
mix of personalities, it can get tremendous things done. If it doesn’t have the right mix, even if
people are competent, it isn’'t as effective.

KAROL: Absolutely. Over time, I've seen that. I’ve seen how things have changed. I’ ve been
at Carbide a good many years, and | think | understand what makes things work to be effective.
But—as | see other people coming in and looking at it differently—there’ s always tension that
gets created. | have to balance that with, “Am | aways right?’

BOHNING: That'sahard question to answer.

KAROL: My wife knows I’m not. [laughter]
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BOHNING: We've covered ailmost everything on the agendal sent you (9). | still have afew
loose ends, however. Oneis, how much interaction did you have with peers outside of the
company?

KAROL: | know most of the people who work in the area. | attend major international
symposia, which involve academics. Also, for anumber of years now, I’ ve given a presentation
on some aspect on UNIPOL technology.

We fund research at a number of universities, not only U.S. We gave some money this
year to afellow in southern Poland. I've been over there and visited with him. He's doing work
| think isvery interesting. The money we gave him was not atremendous amount, but he had
some funding. Hewill loveit, and I [l have agood relationship.

| interface with people in Korea and all over theworld. | paid avisit to Novosibirsk,
whichisin Siberia. Thereisalarge catalysis|aboratory at this location.

So my attitude isthat it’s very important. | try to go to meetings each year. Generally,
they’re international meetings. | think | know all of the major playersin the world personaly. |
work at it: | do go there, and we do have discussions. In addition, the UNIPOL process creates
an environment for people to come and talk, where they might not otherwise. It's a combination
of what' s happened and being present at the meetings. I've found it to be good, very
informative.

BOHNING: What changes have there been at Carbide over the years you' ve been here? Have
you seen any changes in the company’ s attitude towards supporting R& D, or towards R&D in
genera, in terms of their expectations of it?

KAROL: | can't speak for all of Carbide. Certainly, the support for our things has been
fantastic. It really hasbeen. Some years ago, we requested an increase in the number of people.
We might have asked for two or three additional people. The question was, “How come you're
not asking for five or six?’ Unbelievable, isal | can say.

We were looking at getting some additional help in computational chemistry. | had a
budget for thisyear. | adready had the manpower in there. | said, “We'll look at one of these
fellows, but if we hire them, we'll go over budget. Isthat okay?’ “Yes, that’s okay.”

It'struly aunique environment. A lot of the rulesin textbooks don’t even apply. | tell

that to people. People say, “I readly have to sell this project to my management. | haveto be
optimistic.” We almost have areverse situation. The management has already said that they're
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going to accept it, so we' d better be sure that we' re responsible in what we' re recommending.
I’ sinteresting from what historically you might read, as to what’ s really happening in our area.
It's supposed to be, “Why aren’t you helping the business? Why aren’t you doing more new
things? Why aren’t you requesting funds to do more of that? Where are the proposals?’

| think it’s attributed to environment. Bill Joyce, in particular, isaunique individual
who encourages alot of that. He just touches base with the organization. He's certainly been a
true supporter of R&D, to put funding—at times—even beyond what we might have requested.
That’s very good.

BOHNING: Inyour opinion, what is important for the future of R&D and the chemical
industry?

KAROL: Certainly, the recognition—by management—that R& D isavital link to the futureis
the key to the whole thing. Having avision of where they want to go that they can convey to
R&D. Where do you try to be ten years from now? What kind of businesses do they see
themselves wanting to be in? Which areas do they want to be number onein? What'stheir
strategy? There have been lots of discussions in the last few years about strategy. What isit?
Does everyone have a strategy? Recognize that R& D requires certain kinds of tools, facilities,
and capabilities, and be able to provide those things.

It'sstrategy. It'sfocus, vision, and trust in R&D, that they’ |l be able to do things for
you—as opposed to, “We can never trust you guys to do anything.” Everything flowson that. |
think there are high levels of credibility—and then you go through areas of less than high
credibility. That’s the nature of what we're doing now. | think the management that recognizes
that, and is willing to do that, is the management that’ s going to succeed.

Be sure that, as people |eave organizations and new people come in, to have a conscious
way of maintaining what things work well or not, we need to do some more things so that
people understand we can change the way we do R&D. Y ou need to recognize what did work
and what doesn’t work. Y ou’'ve got to avoid bureaucracy as much asyou can. There are always
attempts to systematize and organize. You can’t be against that, but you have to recognize the
environment.

I’ve been to Italy and made alot of friendsin some of the companiesthere. There’snot a
lot of organization that | can see over there. People are immensely creative in terms of things
they come up with. Yet they' ve asked me what’ s the right way of doing things here.

Joint ventures teach you alot, because you start working with other cultures. How do

they do things? The challenge for usis, we're going into joint ventures with lots of people.
WEe're going to be working with this company, that company. How do you take what’s good in
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what they do, and useit? How do you carry out joint research programs? That’s a big challenge
for us.

BOHNING: | have onelast question. What did it mean to you to win the Perkin Medal ?

KAROL: I'vegotten alot of awards over aperiod of time, but it's a special award, the Perkin
Medal. First, the ceremony really isan individual ceremony. It's done with great class. |
certainly appreciated it. It made me feel good, that thisis an important award in the United
States. It’sthe reason why I'm here. For the industry to say, “Yes. You'rereally specia, in
regard to what you’ ve done”—it’ s about as good afeeling as you can have, working in the area
wedo. | have avery warm spot in my heart for this particular award.

BOHNING: Isthere anything that | haven't covered that you'd like to add, at this point?

KAROL: Not that | can think of. I've rambled on. 1I’'m not clear how this all gets consolidated.
| felt good. You liketo feel you' ve accomplished something, somebody cares about it,
you had an impact. | just appreciated the opportunity to be in an environment where we could
do that and do something that for me is important, that somebody cares about the industry and
the challenge.
Having an enormous challenge to try to go and do something, then seeing an

organization and working as part of that organization and seeing it happen, iswhy | cameto
work in thefirst place. It's satisfying.

BOHNING: Withthat I'll thank you again, very much, for spending the morning with me. I've
enjoyed it.

[END OF TAPE, SIDE 6]

[END OF INTERVIEW]
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