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ABSTRACT

Norman Li begins the interview with a description of hisfamily and childhood yearsin
Fuzhou, China. After World War I, Li’sfamily moved to Taiwan, where Li completed high
school. Li then attended National Taiwan University, where he mgored in chemical
engineering, recelving hisB.A. in 1954. Li’sfather encouraged him to further his education in
the United States. Li attended Wayne State University, where he benefited from the care,
support, and assurance of Professor Harold Donnelly. Hereceived hisM.S. in chemical
engineering in 1957, and then attended Stevens Institute of Technology, receiving hisPh.D. in
1963. Li accepted a position in the Process Division of Exxon Research and Engineering
Company. Early in his career at Exxon, Li began thinking about liquid-membrane technology
and applications. While with Exxon, Li received a combined total of forty-four patents on either
hydrocarbon separations or facilitated transport. Li was approached by Mary Good about a new
career opportunity at UOP Co. After much deliberation, Li decided to make the move from
research to research administration, becoming Director of Separation Science and Technology at
UOPin 1981. Assoon as he arrived at UOP, Li wrote a proposal that established aliquid-
membrane research program. Li left UOP in 1988, joining Mary Good at Allied Signal Co. In
1995, Li decided to “retire” from Allied Signal and establish his own consulting firm, NL
Chemical Technology, Inc. Li concludes the interview with adiscussion of the future of
chemical R&D, reflections on winning the Perkin Medal, and thoughts on his family.

INTERVIEWER

James G. Traynham is a Professor of Chemistry at Louisiana State University, Baton
Rouge. He holds aPh.D. in organic chemistry from Northwestern University. He joined
Louisiana State University in 1963 and served as chemistry department chairperson from 1968
to 1973. Hewas chairman of the American Chemica Society’s Division of the History of
Chemistry in 1988 and is currently councilor of the Baton Rouge section of the American
Chemical Society. He was amember of the American Chemica Society’ s Joint-Board Council
on Chemistry and Public Affairs, aswell asamember of the Society’s Committees on Science,
Chemical Education, and Organic Chemistry Nomenclature. He has written over ninety
publications, including a book on organic nomenclature and a book on the history of organic
chemistry.
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INTERVIEWEE: Norman N. Li
INTERVIEWER: James G. Traynham
LOCATION: Mount Prospect, Illinois

DATE: 5 May 2000

TRAYNHAM: Daoctor Li, | know from some things I’ ve read that you were born January 14,
1933 in Shanghai, China. Can you tell me something about your parents and your early
childhood there?

LI: Yes. You read that my mother actually died two weeks after giving birth to me. She had
this so-called “afterbirth fever.” Unfortunately, at that time there was no penicillin. Today this
wouldn’t be a problem. With penicillin | think the patient could be cured. But at that time, it
was deadly, so shedied. | must say that has been my lifelong great regret and sorrow.

TRAYNHAM: What was your father’ s occupation in Shanghai?

LI: My father wasawriter. He studied in France. In histime, going to Europe to pursue
advanced study was kind of the fashionable thing to do in China. So he went to France. He
stayed there for seven years. He actually met my mother there, and they married. Then they
returned to their homeland, China. They wanted to contribute to China, but as| said,
unfortunately, my mother died. My father continued hiswork. He became avery well-known
writer. Not only did he write alot of articles, novels, but he also translated well-known French
literature into Chinese so that people there can read them.

TRAYNHAM: Did you have any siblings or were you the only child?

LI: 1 have ayounger brother and a younger sister. They are half-brother and half-sister. My
father told me himself that he wanted to take care of me. Hewasn’t sureif he'd get married
soon. The woman, whoever he married, of course, would love him, but he wasn't sure the
woman would equally have love for his child. So he actually waited for eight years, and then he
remarried. It turned out my stepmother was avery loving woman, avery devoted Christian.
She lives with my stepsister now in Atlanta.



TRAYNHAM: During those eight years before your father married again, did he have any help
in taking care of you as an infant and young child?

LI: Yes, my grandmother helped alot. She moved into live with usfor afew years, and then
my father, for maybe up to two years, had me stay with my uncle because he was so busy with
hiswork. But by and large, he really was the one who took care of me. So that actualy
developed avery, very close, loving relationship between my father and me. | also had a
tremendous trust in my father’ s wisdom and judgments.

TRAYNHAM: Wédll, it was certainly atragic experience for you to be without your mother
during those early years. What was your school experience as a child?

LI: 1 wasdoing well, but | was avery shy student. | don’t know why. Maybe that’s part of my
personality. Maybe partly because | didn’t have amother. | didn’t want to participatein alot of
extra-curricular activities because of being shy.

TRAYNHAM: | note from some of the biographical information that’s available that you
attended National Taiwan University for your undergraduate education at the college level.
When did the family make the move from Shanghai to Taiwan?

LI: Right after the Second World War, actually from Fuzhou in the Province of Fujian. When
the Japanese were evacuating from Taiwan back to Japan and the Chinese government was
moving into Taiwan, my father went with the first group of people from Chinese mainland to
Talwan. So we went to Taiwan very early.

TRAYNHAM: So that was before the Communi st takeover?

LI: That'sright. Indeed.

TRAYNHAM: Did your father go to continue his writing career in Taiwan or did he have other
business to do there?

LI: No. He continued hiswriting then. He was a professor of French literature at the National
Taiwan University. And hewasin that position until the day he died, which wasin 1972.



TRAYNHAM: Thelapse of years between your birth and the years immediately following
World War 11 makes it sound as though you were still ateenager at the time you made the move,
S0 you must have attended high school in Taipei ?

LI: Yes, | attended the high school in Taipel.

TRAYNHAM: And then went to the National Taiwan University?

LI: That'sright. Yes.

TRAYNHAM: Did you have to take any entrance examsto qudify for the university?

LI: Oh, yes. Absolutely. You submitted your choices of universities. National Taiwan
University was always the first choice for good students, and | was one of them, so | naturally
put down National Taiwan University.

TRAYNHAM: Had your interest in an engineering career developed while you werein high
school, or while you were at the university?

LI: You bring up an interesting point. [laughter] | mentioned that during my Perkin Medal
speech. | wastornin between. | actually wanted to become awriter just like my father, but for
several reasons, | changed my mind and became a chemical engineer. Reason number one: my
father smply told me, “If you are awriter in China [at that time], most likely you'll be
starving.” And that was pretty powerful persuasion. [laughter]

TRAYNHAM: Yes, it's an unexpected warning from your father, since he apparently was a
successful writer.

LI: Yes, Jm, you're absolutely right. 1f you are successful, even as successful as he was, he
still had a hard time earning enough money for the family. 1 think in general, at that timein
China, including Taiwan, peoplein the liberal artsfield redly did have ahard timeto earn a
good living. So that’s the number-one reason. Number two: | found out that in high school |
was doing equally well between chemistry and the liberal-arts courses. So | really, indeed,
could choose either one. The third reason was that, as | told you, my mother died because of
me, so that really made me fedl deeply that maybe | should study science—because of the lack
of science she died, lack of good medicine.



TRAYNHAM: But you were not persuaded to go into medicine. Y ou chose the engineering
path. Can you identify any particular influences on that choice?

LI: Yes. | haveto admit, that was partiadly influenced by the society at that time. At that time,
engineering was considered to be the really top profession to have. And since | was doing well
in chemistry—I didn’t know too much about medicine—I said, “Okay, chemical engineering,
that seems good.” So | chose chemical engineering.

TRAYNHAM: So you went to the university aready knowing you were going to study
chemical engineering.

LI: Yes

TRAYNHAM: Did you have any particular professors at the university that had significant
influence on your studies?

LI: Cometo think of it, really not.

TRAYNHAM: You werejust already so sure of what you wanted to do that you were ahead of
the game, so to speak.

LI: Yes. You know, it's such a phenomenon that | must say this. Because so many students
tried to get into National Taiwan University as their first choice, those who got in, they are of
course the best students. So despite the professors, they were doing well on their own. That's
the way | observed it, including myself.

TRAYNHAM: Then you graduated from National Taiwan University with your degree in
chemical engineering.

LI: Yes

TRAYNHAM: What was your choice at that time?



LI: Well, I did say engineering was the top profession at that time, but Taiwan at that time was
aready isolated from the Chinese mainland because of the civil war, and Taiwan itself isavery
small, tiny place. So it turned out that whether you are a chemical engineer or not doesn’t
matter. It wasvery difficult to find jobs. So | decided | just needed to advance my study and
that was the time | decided to seek opportunity to study in this country.

TRAYNHAM: Wasthere any particular individua that guided your choice to cometo the
United States, or did more or less that come out of your own thinking about the possibilities?

LI: Both. My father encouraged me and | myself wanted to come to United States. You see, as
I mentioned, in my father’s time, people thought about going to Europe as their first choice, but
in my time, going to the USA was the first choice.

TRAYNHAM: What year was it that you came to the United States?

LI: 1955.

TRAYNHAM: You cameto which university?

LI: The nameis Wayne State University. But | must tell you the story.

TRAYNHAM: Yes. Pleasedo.

LI: You know that my father, of course, was not able to send me to United States, so it would
be entirely up to whether | could get a scholarship to come. And at that time, almost all the
students who graduated from the engineering college applied to the school s here in the United
States. Therefore, the competition was very keen. Usually, we just ended up getting an
admission but not a scholarship. But | remember | wrote along letter and sent it out to afew
schools here, and the late Professor Harold Donnelly at Wayne State later told me that he was
quite moved when he read my letter. So he arranged a scholarship. As| mentioned to you, Jim,
last night over dinner, what | got back was aletter saying, “| have arranged a full scholarship for
you,” which was one thousand two hundred dollars per year. That was very adequate for me to
support myself at that time. | was elated. So that’s how | got to the United States.



TRAYNHAM: When you came to the United States, did you already have a command of
English language, or did that develop after you got here?

LI: 1 believe | had quite good command of English, not only because | learned it in school, but
also | was quite active in a Christian church. The name | still remember. It was called The
Youthsto Christ. And | aso remember the minister; his name was [Bob] Sparks. Hewas an
American. So | was very involved with Mr. Sparks and his associates, and that really helped my
English quite abit. | aso took private lessons from two American nuns. They were English
teachers at the National Taiwan University.

TRAYNHAM: What particular highlights do you recall from your graduate studies at Wayne
State University?

LI: 1 honestly felt | was very fortunate that | had met the late Professor Donnelly. He was
indeed a person who cared very much about his students. He had tremendous influence on me.

I remember the first summer | spent in this country, he just stopped by in my lab before the
summer. Hesaid, “Norman, | figure you need a summer job.” | said, “Yes. I've been thinking
about that.” He said, “Well, in Detroit there is a company called Parke-Davis [now part of
Pfizer, Inc.], afamous pharmaceutical company. | know some people there. Why don’t we try
to get you ajob there?’ Of course, | was very happy to hear that. | remember he personally
drove me—because | didn’t have a car—to Parke-Davis for the interview and, subsequently, |
got ajob there. So hereally showed his care—not only his care, but aso hisbelief inme. I'll
give you one example. He said, “Thereis a course you could take, which is called Plant
Design.” Then hesaid, “If you're going to work at Parke-Davis, maybe you should also take
this course. From what | understand you' |l beinvolved in that at Parke-Davis, and that could be
part of this course. You can write areport onthat.” | said, “Great.” Later on, after the summer,
| came back. | wrote abig, thick report. My supervisor at Parke-Davisread it, thought it was
great, released it, and | presented the report to Professor Donnelly. Y ou know what happened?
Hetook the report; he never read it. Hesaid, “I’ll give you an ‘A’ because | know you did a
good job. | knew you would.”

TRAYNHAM: That was quite abit of confidence. At least at that point, you had your
opportunity to return to your first love and become awriter. Y ou wrote the long report.

LI: Yes, and | should add that | have never forgotten his confidence in me.

TRAYNHAM: You received amaster’ s degree, | believe, from Wayne State University.



Ll: Right. Yes.

TRAYNHAM: What choices did you then make?

LI: 1 wasreally facing severa choices. | honestly was very eager to get afull-time job because
| was very eager to repay what my father did for mein the sense that | liked to send money back
to help my family there. Asamatter of fact, | got avery nice offer from Goodyear Tire and
Rubber Company in Akron, Ohio. But then my father encouraged me to continue to study. He
said, “ Although the economic situation is not so good and | can’t earn much money; | want you
to continue your study.” Thereason | ended up a Stevens Institute of Technology in Hoboken,
New Jersey, where | got my doctorate degree in chemical engineering is actualy financial.
They gave me not the usua graduate assistantship, which iswhat | got from other universities.
They actually offered me an instructorship. | still remember the salary at that time was seven
thousand dollars. To me that was awindfall! [laughter] So that’swhy | became an instructor at
Stevens, meanwhile doing my graduate work. So there | finished my Ph.D. and one thing led to
the other. Stevensisvery close to Exxon Research and Engineering Company, so before |
finished my Ph.D., | went to Exxon for interview and Exxon immediately made me an offer. So
after | graduated, | joined Exxon.

TRAYNHAM: You didn’t consider any other company at that time?

LI: I did. It wasavery interesting story. | interviewed only one other company, DuPont [E. I.
DuPont de Nemours and Co., Inc.]. At that time, Jim, you may remember, DuPont came out
with some kind of artificial leather, which was used to make shoes.

TRAYNHAM: Corfam, | think.

LI: Corfam. That'sit, exactly. They had abig laboratory and they wanted me to join them.
They made me an offer, and the offer was exactly the same as the offer | got from Exxon, to the
penny. Even to thisday, | never understand. It’sjust such acoincidence. Exxon wanted me to
join their Process Division and the work really appealed to me, so | chose Exxon.

TRAYNHAM: Wéll, tell me about your early career at Exxon. Y ou joined the Process
Division and what kind of assignment did you have?

LI: I really think | was very fortunate. | was able to kind of, if you will, cut my teeth, asa
young, Ph.D. chemical engineer in abig company. | learned alot of things. My first



assignment was on lube-oil processing, specifically on de-waxing, taking the wax out of lube
oil. Itisreally avery nice chemical engineering processthat | contributed. | got some patents
out of thiswork, and | learned tremendously. Later on, | perceived the idea of liquid
membranes.

TRAYNHAM: How early in your career did the liquid-membrane solution come to your mind?

LI: That was around 1965.

TRAYNHAM: Soit was acouple of years after you started work. Let’s back up just two years,
to the beginning of your employment at Exxon in 1963. Y ou had quite afull year in the sense
of important events. Y ou got your doctoral degree from Stevens. 'Y ou began your employment
with Exxon. | believe you also got married, and you became a U.S. citizen, al in one year!

LI: I forget which year | became U.S. citizen. [laughter] | could check [it was 1969].

TRAYNHAM Weéll, your biographical sketch indicates 1963, and | noted that alot happened
that one year.

LI: Of course, | did get married with avery loving lady in 1963, after we got to know each
other for three years. [laughter] My wife just finished her B.S. degree.

TRAYNHAM: Also at Stevens?

LI: No, at Hunter Collegein New York. So it wasavery good year that we got married. We
both finished school, and so that was avery good timing.

TRAYNHAM: Wéll, back to Exxon. Y ou had been employed two years, and this very
important technology of liquid membranes came to your idea and attention. Describe how that
got started.

LI: All right. That was a chance observation in thelab. | was measuring interfacial tension
between two phases. That’s where you have theinterface. The water phase is down below, and
the oil phaseisontopinadish. We used amethod called the Du Notiy-ring method. Briefly
describing it: you dip the ring below the interface and then you use a gadget to slowly raise the



ring. When the ring goes through the interface, it hasto break thisinterfacial tension and that
forceisrecorded as interfacia tension. So when the ring breaks through the interface, and
thereby getting from the water phase to the oil phase, | noticed the ring actually hooked up some
kind of aliquid film at thisinterface. My lab technician said that every time he did the
experiment, he got very different numbers. So | actually stood by him, | remember, and tried to
watch exactly what happened. Then | saw this very, very thin film that was hooked up by the
ring. | didn't know what that thingwas. So | started to analyze the water phase. It turned out
the water phase had some kind of surfactant, so it dawned on me that the surfactant formed this
interfacial film and the ring simply hooked it up. That was the very beginning discovery of the
liquid membrane. | became very curious about this phenomenon.

But also, as| said in the Perkin Award acceptance speech, | believe people aways say in
aromantic way, this discovery was done in a serendipitous way. Yes, maybe so. At that time
my assignment was changed from the de-waxing process to gas separation by polymeric
membranes. So | was working with membranes already, except it was solid polymeric
membranes. With all the membrane knowledge that | got, based on that, maybe consciously or
unconscioudly, | thought about liquid membranes from the point of view of separation. And |
also tried to compare: if | got aliquid membrane, how would that perform in separations? What
kind of advantage do | have as compared to solid membrane? So although the observation
maybe was a chance observation, a serendipity discovery, my mind was prepared, so to speak,
for the invention.

TRAYNHAM: You inferred that as you saw this adhering material to the ring coming through
theinterface, it was surfactant material in the water. Had that been deliberately added to the
water, or were you just dealing with impure water?

LI: 1 wasdealing with impure water.

TRAYNHAM: Sothat if you'd had pure water you probably would have missed it altogether?

LI: That'sright. Yes. Exactly! [laughter]

TRAYNHAM: | recall that one hundred years before, William Henry Perkin, for whom your
medal is named, discovered thefirst synthetic dye by the chance contamination of the aniline he
was using. Had he been using pure aniline, he would not have gotten the purple dye that he
managed to get. So I’ ve often wondered how many interesting developments we may be
missing because we now have the advantage of using very pure starting materials!

LI: That'sright! Good comment.



TRAYNHAM: It seemed to be carried through in your remarkabl e observation.

LI: Thank you.

TRAYNHAM: Wédll, from that observation of this very thin membrane appearing at the
interface between the water and oil layersin your experiment, how did you go on to develop the
whole concept of liquid membranes and their utilization?

LI: Well, first of al, at that time | was working with solid polymeric membranes, and my major
problem at that time was the so-caled “pinhole’ problem. A solid polymeric membrane usually
cannot be made in a perfect way without any pinholes. If you’ve got some pinholes there,
imagine you have gas on one side under pressure and try to get some molecules to diffuse across
the film, the gas molecules just all go through the pinholes and you don’t have any separation.
So that problem bothered me. When | saw the liquid membrane, | was very, very excited. |
said, “1 have no pinholes.” Y ou know why? Because | realized that surfactant molecules spread
naturally, being in aliquid membrane, according to their surface tension. Soit’s a perfect film.
It has no pinholes. It can be broken, but it has no pinholes, okay? [laughter] That intrigued me.

So | kept on thinking, “Oh, maybe | can use that for separation—a membrane without
pinholes. Also the other ideathat intrigued me was that this membrane could be formed in situ.
Y ou don’'t have to go through a big factory to blow molding or to extrude the polymer film. |
can form a surfactant film at an interface, in situ. That kind of aso intrigued me. So | went
ahead; | wanted to develop that as a separation film. Now, | must say this: | was very fortunate.
| had what | called an enlightened management. | also mentioned this in my Perkin speech, it
doesn’t matter—big company or small company—you need an enlightened manager, and | had
one. HisnameisDon Baeder. He was the Vice President of Research at that time. He said,
“Norman, you can have time to explore this.” | know, normally, your boss would tell you, “Do
the assignment | give you, because that’s what | want to get done. | don’t want you to take a
detour.” But here | wastaking adetour. | wanted to do something new, totally on my own, on
company’s time and resources. So Don Baeder redly took a chance and said, “Fine, Norman.
Youcandoit. Goahead.” Initialy, | was part time. Later on, when things got to be very, very
interesting, he said, “Okay. Full time.”

TRAYNHAM: How long aperiod lapsed during that part-time activity?

LI: Maybethree years.
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TRAYNHAM: So it was amoderately long gestation period before the real industrial potential
was becoming apparent?

Ll: That'sright.

TRAYNHAM: During that time you were doing experiments on the devel opment of liquid
membranes and just seeing if they would function?

LI: Yes. Jim, | think it'savery, very interesting invention story, if you will.
TRAYNHAM: Wedll, please tell us about it.

LI: All right. Working in Exxon, of course, the first thought | had was to use a membrane to
separate hydrocarbons. When | mentioned | was doing gas separation, those gases were
hydrocarbon gases like ethane, propane, butane, and so on. But for liquid membrane, | was
thinking about heptane and toluene, those liquid-type of hydrocarbons. Here | learned
something that has been a benefit to me throughout the rest of my research life, which is that
you actually learn alot in developing oneinvention. Thisisjust like climbing amountain. You
get to the top of the mountain and then you begin to see there are other mountains beyond. 1f
you don’'t climb on the top of the first mountain, you never see other mountains beyond. The
first mountain in the liquid-membrane case is the hydrocarbon separation. When | did enough
of that, | realized the benefits were there but not sufficiently so to dislodge existing processes,
i.e, to build new plants to do hydrocarbon separations. However, | learned enough to find
there’ s another mountain, which to me, | think, could be the part of the reason for my Perkin
Award—that is for metals separation, using the so-called facilitated-transport mechanism.

The facilitated-transport mechanism exists in nature, in biological cell membranes, for
millions of years. People talk about it, but no one knew how to mimic that in a synthetic
membrane. Thewholeideais, you put achemical reagent in a membrane phase. You have
complexation reaction. Y ou complex the metal ion on one side of the membrane. Then you
move the complex to the other side where you do the de-complexation. In thisway the meta
ion getsto the other side. Then the freed complexing agent diffuses back to the other side,
starting complexation again, so you do this cyclically. But people couldn’t do that. The reason
was, in asolid polymeric membrane, the diffusion istoo slow. Only when | formed the liquid
membrane was | able to join the two things, i.e., | can put facilitated transport mechanismin a
liquid-membrane system. Asyou know, the diffusion coefficient in solids compared to that in a
liquid arejust so different. The diffusion coefficients are 10° and 10°°, respectively. So|
believe, realy, my major contribution is the second mountain where, if you will, | had another
major invention, which was incorporating the facilitative-transport mechanismin aliquid-
membrane system so that it can pick up ions, like copper ion, on one side of the liquid
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membrane, moving it across the membrane to the other side. | think that opened up alot of
possibilities.

We nearly got two processes commercialized at that time, but unfortunately, both did not
go because of the economics, not because of the technology. One was the uranium extraction.
We actually went to Florida and worked in a phosphate plant. 1t’s nature’'s way—when you dig
up the phosphate ore, you can find uranium in the ore. We were trying to extract uranium using
liquid membrane. Uranium concentration was very low, like 200 ppm. However, we were able
to extract uranium from the phosphate solution and to concentrate it. We demonstrated the
processin apilot plant. The only reason that process was not commercialized was,
unfortunately, due to the Three Mile Island incident. Asthe chief scientist, | was the one who
actually recommend to Don Baeder, “Let’s stop this.” Because we no longer had the
economical driving force. The “yellow cake” for uranium used to be sold at thirty dollars per
pound, but after Three Mile Island incident, it dropped down to ten dollars. We lost the
economic driving force. No point to go on.

The other unfortunate case was the copper. Copper was a nice application for liquid
membrane, except we hit an economic depression era around that time. People did not build
new houses anymore. For thefirst time| realized the major consumption of copper isin new
houses. They use alot of tubings. This never dawned on me until I got hit with it. [laughter]
When they didn’t build new houses, copper consumption went way down. There’' s no market,
and we dropped that application. But I'm glad that as recently aslast year, two plants were built
in Baltimore Harbor, it was publicly announced, using my liquid-membrane system with
modification, to take out chromium from groundwater. So again, thisis acase of meta ionin
water phase; we get it to move across the membrane by facilitative-transport mechanism, and
concentrate it greatly.

Jim, you know, thisisthe power of the facilitative-transport mechanism. Let’susethis
actual commercia caseto illustrate this. The chromium concentration in groundwater was
about 150 ppm,; it was concentrated to 20 percent and that concentrate could be sold. So not
only do you clean up water, you also have this value-added product, if you will. Both plants are
now on stream. |I’'m very happy to see that.

TRAYNHAM: I'msureyou are. Was this process you discovered, devel oped, the first
application of facilitative-transport process? Y ou mentioned that it was known to be present in
nature but had not been duplicated from the lab, that this was the first duplication in the lab?

Ll: Yes. Asfarasl understand. Asfar as| know, in anindustrial lab. Maybe in some kind of
bio-science lab. | do not know.

TRAYNHAM: Wéll, thistransport of metals across the liquid membrane was the second
mountain that you referred to.
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LI: Yes

TRAYNHAM: Was there athird mountain then?

LI: Yes, indeed. [laughter] Y ou ask good questions, Jim. But before | answer that question, |
think we ought to first point out the novelty of incorporating the facilitative transport
mechanism in a synthetic membrane, if you will, by the fact that we are ableto get alot of U.S.
patents. My total U.S. patents number was forty-four. | did not count how many are for liquid
membranes, and | did not count how many are for the facilitated transport. But there are quite a
few about this innovation.

TRAYNHAM: Were al of those during your Exxon years?

Ll: Yes. They are. Exxon did agood job in covering everything, making sure nobody can
invade into thisarea. So my first batch of U.S. patents was on hydrocarbon separations; the
second batch was on the facilitated transport. Now that leads me to answer your question about
athird mountain. Having climbed the “ second mountain,” | saw that liquid membrane could be
used as encapsulation—not only for separation but for encapsulating liquids. We subsequently
developed a commercial application in Exxon. It was avery interesting application. When you
drill an oil well, you may hit some explosive gases, and when that happens, it might have an
explosion. If an explosion happens, of course, you lose the equipment; you may even lose life.
So what we did was we tried to form some kind of a seal down below in the drilled well.

[END OF TAPE, SIDE 1]

LI: Sowhen | thought about using liquid membrane to encapsulate something, | looked for
applications. Working at Exxon, | had the advantage of talking to oil-drilling people and they
told me, “Norman, we need something that forms a seal down in the well, several hundred
thousand-feet deep.” | said, “Oh, my God! How do we do that?” Then | got to thinking about
it. Can liguid membranes doit? But first | asked them, “What kind of seal do you want?’ They
said, “Some kind of clay, maybe.” | said, “Okay.” But they told me, of course, you couldn’t
pump this kind of gooey, sticky stuff down the drilling pipe. Y ou know, you just cannot pump
it. Besides, thewell isusually severa thousand-feet deep. So | said, “Okay. Give meaclay
that | shouldtry.” They said, “Bentonite.” | said, “Okay.” | went to thelab, and | remember |
put bentonite in water, and right away, when bentonite mixed with water, | formed this putty,
thissticky mud. So | began to understand that it could seal the explosive gas, but no way could
you can pump this sticky mud down thewell. So | said, “Let metry itin adifferent way.” |

13



encapsul ated bentonite with aliquid membrane and then slurried that with water, so water was
the outside phase, and bentonite was inside the liquid-membrane capsule.

TRAYNHAM: Just asasolid?

LI: Just asasolid. | can make that liqguid membrane very strong. It will not break. And as
long as you keep bentonite separate from water, they both can be pumped together as afluid
suspension. Now, how to get the liquid membrane to break later to form a seal—that takes
some other inventions. That’swhy, by the way, | always think asingle invention usually will
not bring one all the way to commercialization. Y ou need several inventions. | talked to my
chemist colleagues. | got hold of some surfactants that | used to form the liquid membrane.
Those surfactants get double bonds, which can be cleaved under temperature. So | was thinking
to utilize the increase of temperature down several thousand-feet deep inside awell. There'sa
temperature profile from above the ground to several thousand-feet deep. | therefore know,
roughly, what kind of temperature increase is down there, and | got the proper surfactant, which
had molecular-chain cleavage at that kind of high temperature. Therefore, the membrane was
basically weakened. That, coupled with this whole slurry, pumped through the drilling nozzle
bit under high pressure, the membrane can be broken. The weakened membrane can be broken
by sheer force, and you form the plug right there at the place you want it. So | was very proud
of that invention. | never even thought about this several years back. But that’sthe third
mountain—you can use liquid membrane to do encapsulation.

From there | devised another thing, which | really wanted to commercialize, but
unfortunately, Exxon said it’s not within their core business. The other invention | had was the
artificial kidney. For kidney patients, when their kidneys do not function, of course toxins build
up in the blood, and that’ s why they have to go to hospital for diaysis. So | thought about it,
and then being a chemical engineer, | thought about mass transfer of these toxins. The toxins
are in the blood—where do you pick them up? It turns out to be in the intestines. Becausein
the intestines around the wall you have many minute blood vessels, their total surface areais
very large. That’swhere you get the mass transfer of the toxins from the blood into the
intestines. So | said, “Oh, okay, I'll just pick out a mgjor toxin, which isurea, to study.” The
other good thing about working in alarge company is, you have bioscientists and chemists and
all the people with different experience and background. So | talked to a bioscientist. “Give me
something | can useto react with urea.” Hesaid, “Well, Il give you the enzyme urease, which
would decompose urea.” So | said, “That’svery good. But how am | going to protect urease
going through the stomach?’ That’s when | thought: “Well, why don’t | couple the two.
Encapsulate urease so that it would not be digested in the stomach and can be put in the
intestine. And then the ureawould diffuse into the capsules and be reacted by this enzyme.”

But then | realized that when urease decomposes urea, it forms ammonia. Ammoniawould
diffuse back out into the intestine. That would not help the patient at all. [laughter] You
remove his urea, but you give ammoniato him. So | simply had another type of liquid-
membrane capsules. | encapsulated citric acid. When ammoniawas created, it was neutralized
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by the citric acid. So | ended up making a milkshake, if you will, that has two different
capsules. Onetype of capsule gets urease enzyme, the other type of capsules get citric acid.

TRAYNHAM: Sofor it to operate, the ammonia has to diffuse out of one capsule and enter
another capsule.

LI: That'sright. But if you have sufficient concentration gradient, you can do that. Asamatter
of fact, | decided to work collaboratively with Professor H. W. Wallace at the medical school at
the University of Pennsylvania. He actually did in vivo experiments with dogs and the results
were very good. Inthisresearch, there were two interesting small stories. Onewas that |
wanted to get fresh blood. | actually found a slaughterhouse near our laboratory. | found out
the way they killed animals, which was the kosher way. We preferred this way, because the
animal is killed by cutting the throat and the blood is drained immediately. So | went to the
kosher slaughterhouse and talked to arabbi. Hewasvery helpful. Hesaid, “Thisisfor a good
cause so I'll do everything | can to help you!” So | got lots of blood for our artificia kidney
experiments.

The other story isthat CBSin New York got wind of it. They had a Science program. |
still remember the person in charge of the program was Mr. Crawford. | think heiswell known
intelevision. So Mr. Crawford called me. He wanted to interview me and | said, “Fine. Come
over tomy lab.” So he came and actually they aired the interview in New Y ork, on the CBS
evening Science program. But instead of being elated to become famous on TV, | was saddened
because after they aired that interview, | got alot of phone calls from kidney patients, telling me
they wanted to be my guinea pigs. They wanted to experiment with anything new. They were
in adesperate situation. That was really sad for me to realize that kidney patients were in such
an unhappy state. | asked them, “Why do you want to try this, as I’ m still years away? Why are
you so anxious? Why can’'t you just do your dialysisin the hospital?’ They said, “Dr. Li, do
you realize that | go to the hospital threetimes aweek? | have no life. | cannot travel. | want
to take your medicineso | can travel.” That was really the whole idea. But the ending was not
too happy because, as | said, Exxon believed they should not get into the pharmaceutica or drug
business, so that work eventually didn’'t go anywhere. | think after | left Exxon they licensed it
to another company and | lost track of it. | don’t know what happened. | believed | could be the
driving force behind that, if | could follow that project. But once | left Exxon, they licensed it to
somebody else and maybe that was the end of it.

Anyway, there was the third mountain: encapsulation, which had alot of potentials.
Unfortunately, some potentials did not relate to Exxon’s core business. For instance, there's

another big potentia about encapsulating pesticides, and insecticides, but that’s the agriculture
business, which Exxon wasn't going to get into. It was kind of unfortunate.

TRAYNHAM: Has anyone else picked up on that possibility?
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LI: No. But you see, Jim, you really need somebody to push. You need the inventor who has a
strong desire to see that hisinvention is being used, somebody who's the primary driving force.
I’ll give you one more example. I’'m still fascinated about encapsulating insecticides together
with sex-attractants like pheromones. People did that. I’'m not the first one who thought about
it. But they used solid capsules. That, to me, was not effective. The solid capsules don’t stick
to the leaves. They would just eventually drop to the ground. But when you use liquid
membrane, they stick to the leaves because they are liquid. It would be so much more effective,
so much more. And | would really love to see that kind of application being commercialized. |
think maybe with time, somebody can eventually commercialize that.

TRAYNHAM: Isthere any moreto your Exxon story that we should include?

LI: That wasit. Those were the highlights. Of course, we do have other things to talk about. |
did alot of, as | say, the refining processes. But my highlight at Exxon was the liquid
membrane, and as | have pointed out, | think the magjor contribution thereis the coupling of
facilitated transport with the liquid membrane.

TRAYNHAM: Isthat still being used by Exxon?

LI: Exxon patents now have expired. That’'s why Commodore Company built the two plantsin
Baltimore Harbor in 1999. They didn’t have to obtain alicense; it’s free for everybody to use.

TRAYNHAM: Wéll, then you made a change in your employer?

LI: Yes. That wasvery interesting. Dr. Mary L. Good, at that time, moved to UOP, Co. herein
Chicago, and she became Vice President of Research. Under her there was a Director of
Separation Science and Technology. That gentleman retired, and so | understand they
interviewed quite afew people, and Mary was not too happy, | guess, with the candidates. So
out of the blue, she called me. She said some people had recommended my nameto her. She
had heard about my name, however, she didn’t know me at that time—only through my
reputation. She wanted me to come for an interview. At that time, because of the liquid-
membranes research and my early work on the de-waxing process, which resulted in patents, |
was doing very well in Exxon—I never thought | would move. | was pretty high up in the R&D
organization as ascientist. | didn’'t get into management. Exxon does have the ladder system.
One the technical side, you can be very handsomely paid, have a high position, recognition, but
no administrative responsibilities. | was on the technical side and | really enjoyed the freedom
asasenior scientist. So | was very happy doing my research. But here Dr. Mary Good called
me, saying, “We want you to be interviewed as adirector.” So | said, “Wow, that’s quite a
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change from a laboratory researcher to aresearch administrator.” That wasreally aone-
hundred-ei ghty-degree change. | didn’t know whether | wanted to make that change. So
initialy, | didn’t even want to go for an interview. | didn’t want to waste her time and my time.
But she persisted with afew more phone calls, and finally, | think she said something like,
“What do you haveto lose? You come here, you get to see things, talk to us. All just in one
day’stime.” Findly | said, “Yes.” Jim, just like you said about well-meaning people. Sheis
one of them. Besides, it wasjust oneday’stime. Sol said, “Fine. Let'sdoit.” | camefor the
interview, and | still remember the way Mary Good did the interview. At the end of the day, she
had all the other directors with her in oneroom to seeme. So it was like doing aPPh.D. oral.
[laughter] She was the one asking me questions. So | was standing there answering those
guestions. | remember she asked me about liquid membranes, and so | answered alot about this
question. | think after the interview she was happy. She made an offer to me. But, Jim, you
probably can see that my wifeand | are very close. Therefore, immediately, | realized severa
things | had to resolve with myself and with her. First, | needed to make up my mind: “Am |
going to be aresearcher for life, or am | going to change the career to become a manager?’
That was one thing. Secondly, my wife by that time had aready gotten her Ph.D. in statistics.
She also worked for Exxon. | was with Exxon Corporate Research, and she was with Exxon
Chemical. Shewasdoing very well. Asamatter of fact, they actually told her they earmarked
her to go up—she had great future with Exxon and she could have become a director in Exxon,
quickly. They had great hopein her. Especialy of course, they really wanted to nurture,
cultivate, if you will, awoman manager. Once they saw she had the capability to manage, they
really wanted her to go that route. So she had a great future with Exxon. If | relocated, what
would happen to her, her career, and all that? | had to really face that question as well.

| decided that | wanted the change immediately. | happened to like not only Mary Good,
but her directors aswell, and | thought | would enjoy working with them as one of them. But |
wanted my wife to meet them, too, to help me make the final decision, as| always trust her
judgments. | thought that if | talked to my wife about the job, “Mary has five directors, and they
areall nice guys, et cetera,” she would have no idea as to exactly what I’ m talking about. So |
did something | think very few people ever did. | called Mary Good and | requested another
interview. That of course was considered normal, because people do request another interview,
or sometimes the company wants another interview. But the strange thing of my request was
that | wanted to use the same schedule. In other words, | wanted to see the same people,
everybody the same. | don’t know whether they suspected anything, but that’s the way | told
her. 1 said, “I'll bring my wife, go through the same schedule one more time.”

TRAYNHAM: Did you request that your wife be in the interview aso?

LI: Yes

TRAYNHAM: Shewasto go with you?
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LI: Yes. Inmy first interview, | got to see the individual directors, then at theend | saw the
group. As| mentioned to you, Mary Good chaired a group meeting with me. So | requested the
whole thing, except the final group meeting, because | didn’t think my wife needed to see that.
But I did want her to see the individual directors. So we did the second interview and we talked
with them, every single one of them, one more time, only this time my wife was there with me.
We talked not only about the science, the program, the administrative stuff, but also about living
in Chicago, and the kids going to school. When my wife came back, she agreed that if it was
under Mary Good, it would be a good environment for me to work.

So that kind of began to further strengthen my ideathat maybe | could change my career.
But | didn’'t solve the second problem yet. The second problem was, “What happensto her? |
don’'t want to have an unhappy wife sitting at home.” Again, Jim, you can see my wifeand | are
very close. | cannot be selfish and just say, “I want to go. You just follow me.” No, I’'m not
that type. 1I’m the opposite. So | told Mary, “No, | probably won’'t come.” Just like in your
case, you know, with the Chemica Heritage Foundation. Mary said she understood, but then
she said, “Y ou know something? UOP doesn’t have a single person who has the statistics
background and experience as your wife does. UOP Company isachemical engineering
company. Such a process company should use statistics, and they don’t have a person to head
the effort.” Shethen said, “Let mework onthat.” Inthe end, they created a position for her as
the manager of their data analysis, the computer and statistics, things like that. And they did an
interview with my wife. Thistimeit was not under Mary Good. It was under another vice
president. His name was Frank Adams. They interviewed my wife, and they made offer to her.
But | sat on Mary’s offer for about a year. Toward the end of ayear’ stime, | remember Mary
called mein New Jersey and she said, “Norman, | cannot wait. | made this offer to you so long
ago. | really need you to be here.” So finally we decided to accept the offers. The whole
family moved, uprooted, if you will, because we' d been in New Jersey for aling time. | worked
for Exxon for eighteen years. That was indeed avery long time!' Our two kids, they really
didn’t want to move. They had alot of friends down there. But anyway, my family moved.
My daughter, fortunately, played piano and she was very smart, in that as soon as she joined the
high school here, called Hersey High School, she joined their band, played the piano in the
band, and right away she made alot of good friends. | think that was very smart. My son was
much younger, so for him it wasn't as important to leave friends as my daughter felt. Shereally
left quite afew good friendsin New Jersey.

TRAYNHAM: Shewasin high school at the time?

LI: Yes, | think so. So, we settled down in Chicago. But, I'll tell you, | don’t regret the move.

I think Chicago, overall speaking, isanicer place than the part of New Jersey close to New
York City. | think Midwest people are more leisurely, if you will, and that part of New Jersey is
just like New York City. There’'swhat | call the “subway mentality.” [laughter] They would
push their way through the crowd and rush somewhere, you know. Always rush, rush, rush.
Also, | remember avery well known professor, his name is Professor Edwin Lightfoot at the
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University of Wisconsin. Heisavery good friend of mine. | invited Professor Lightfoot to
give alecture at Exxon and he subsequently told me, “Norman, do you realize there' s a cancer
belt in New Jersey? In that area, people have ahigh potential of acquiring cancer.” Because, |
guess, of industria pollution, whatever. And we lived in that cancer belt. But moving to
Chicago, as you know, it’sthe Windy City, the air isaways fresh. We just enjoy it. We
enjoyed this move.

TRAYNHAM: When you moved, did you set up residence in the suburbs as you now live,
outside the city itself, or did you actually live in Chicago?

LI: No, we never lived in Chicago. We lived outside. We kind of enjoyed both worlds. We
like the quietness outside of city, but we go into the city for the culture things: museums, the
symphony, and so on.

TRAYNHAM: Wéll, what was your beginning assignment and activity with UOP once you
made the move from Exxon? Y ou were now in a new role as manager. Y ou had experienced
enlightened management, and | trust that you were an enlightened manager when you came to
UORP, but what did you do?

LI: Well, | wastaking care of the separation programs for UOP, and UOP’ s company has two
major business areas. Oneiscatalysis. They studied alot of catalytical reactions. Based on
those reactions, they have manufacturing processes. So they do alot of licensing in the catalysis
area. The other areais separations, and they have the so-called Sorbex technology, whichisa
liquid-phase absorption. They have many commercia applications. One big, money-making
processis caled Parex, where they use absorption to preferentially absorb para xylene, over the
other two isomers, because para xylene is used to make, eventually, polyester. These are the
two major business areas. Therefore, the separations program is very important for UOP, and |
was in charge of that program. One of UOP’ s ways of doing thingsis that they would send
marketing peopleto visit different companies, like DuPont, find out what they need in terms of
separations, and then they would come back to me saying, “ Okay, if you can do this kind of
separations, maybe we can sell that later on.” So we got alot of good feedback and we did alot
of exploratory work. Then if exploratory work turns out to be successful, we'll move to pilot
plant studies. Once we finish the pilot plant work, the process will be ready to be licensed.
UOP isacompany that’s strictly doing business by licensing technology. So technology isvery
important for them.

TRAYNHAM: Were you ableto bring your interest in and experience with liquid membranes
to your UOP responsibilities, or was that left behind at Exxon?
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LI: That was left behind in Exxon. | should tell you one thing of which | feel very proud.
Maybein asmall way | contributed to the U.S. Apollo Program, Moon Landing Program.
Excuse me for taking aside trip here. When | was with Exxon, | got aphone call. They wanted
me to be their consultant on the U.S. Moon Landing Program, the Apollo Program, because they
used polymers to make so-called fuel bags. They put the liquid fuel inside a polymeric bag and
then by changing the pressure outside the bag, they would squeeze out the fuel. They told me
thiswas avery precise way you could inject the fuel, by just using aflexible container, if you
will, and you control the injection rate by controlling the surrounding air pressure. They wanted
me as a consultant to study the diffusion rate of fuels through the polymers. So | was very
proud. | contributed, maybe in asmall way, to the Apollo Program.

When | left Exxon, there was no point in continuing my work on liquid membranes.
Exxon did such afantastically good job in getting al the patents. They monopolized the whole
field. However, asillustrated by my consulting work for the Apollo program, | never truly left
the solid-polymeric-membrane field. It was very interesting, at that time, when | took over the
job, 1 noticed there was no membrane program in my department, only an adsorption program.
So | wanted to start a membrane program. But UOP was not familiar with membranes, and |
foresaw that | would have trouble getting money to support a new program on membranes. Asl
remember, | told Mary Good, “I am going to write a proposal for the Department of Energy
[DOE] and see what happens.” Actualy, the idea about writing a proposal for DOE came to me
when | was at Exxon, just about to leave. Assoon as| got to UOP, | sat down in my office. |
just started to write. Of course, during the day | had to manage alot of things. But | spent the
first four weekends writing the proposal. There it was—an unsolicited proposdl. | just had a
strong drive. | wanted to get a membrane program in this new place. | put down someideas|
had—three or four ideas—into an unsolicited program and sent it out, just like that. Then the
news came. DOE saw it. They told methat they liked it. They gave me 1.2 million dollars for
the next three years. That wasin 1981. So, 1.2 million dollars for three years was very good
money to get something started.

TRAYNHAM: Oh, yes.

LI: 1 waselated. But it shows you that sometimes you have to—I don’t know how to say it—
you just have to have faith in yoursdf to drive it, because nobody encouraged meto do that.
And the odds were unknown. 1, as anew director, personaly wrote this proposal. If it didn’t
get funds, you can just imagine, maybe people would laugh at me or something. But | didn’t
care. | wroteit, and it was not even asolicited program. | just sent it in based on my own idess.
That's how UOP got started on its membrane program.

TRAYNHAM: If it were not liquid membranes that you had pioneered at Exxon, what was the
nature of the membranes at UOP that you were concerned with?
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LI: Well, as| mentioned, | got three or four ideas in that proposal. One ideawas to use solid
polymeric membrane for natural gas separation, to separate out H,S and CO, and only have the
methane left. That was one sub-program. The other program was to use membranes to separate
solvent from heavy lube oil. Thisis going back to my experience with the de-waxing process.

Y ou hit the heavy lube oil with alight solvent, like pentane, then separate the wax from the
lighter phase. Now there was this very light component, solvent, mixed with avery high-
molecular-weight lube oil. When you try to recover the light component, the conventional way
is by distillation, but | proposed to do it by membranes for lower energy consumption. So those
arethethings| got started.

And then | got involved with reverse-osmosis membrane, because UOP had a company
in San Diego. It'scalled Fuid Systems. Their businessisin making reverse-osmosis
membrane. Since UOP was its parent company, we did alot of work to support them. So | was
getting into reverse-osmosis membrane at that time.

TRAYNHAM: For therecord, briefly, tell us what reverse osmosis entails? What does it
mean?

LI: All right. In nature, if you take pure water, put that on one side of a semi-permeable
membrane, and on the other side you put seawater—seawater typically has a salt concentration
about 3.5 percent—if you set up something like that, water on one side, seawater on the other
side of a semi-permeable membrane, the natural way is for pure water to diffuse across the
membrane to the seawater side, and that tendency is characterized by the so-called “osmotic
pressure.” It'sthis osmotic pressure that drives pure water to the seawater side. It's
proportional to the concentration of the salt. In other words, seawater has 3.5 percent salt. If
you change that to brackish water, which has only 1 percent or less than 1 percent of salt, then
the tendency for water to diffuse to the other side would beless. Thisis called osmotic
diffusion. Now, think about it. If you put pressure on the seawater side, with that pressure, you
are kind of forcing the water to go the reverse way. Instead of losing your pure water to the
seawater side, you want the water from the seawater side to diffuse to the pure water side. This
iswhat the reverse-osmosis membrane processis all about. So you take seawater, for instance,
and subject it to high pressures because of its high salt content, to maybe 800 pounds to 1,000
pounds. You are able to produce potable water by using reverse-osmosis membrane. Reverse-
osmosis membrane can be used for not only desalination purpose, but also purifying industrial
waste water.

TRAYNHAM: What was the nature of the membranes that permitted this reverse osmosis to
operate?

LI: You ask avery good question. The membranes have tremendous selectivity for water, but
to this day, | don’t think we fully understand why. When you have sodium chloride, say,
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dissolved in water, you have sodium ion and chlorine ion and the water molecules, being polar,
form solvated molecular clusters, as we know. But when water diffuses through the membrane,
it'sonly water. It'snot carrying salt going through it. A very, very small amount of sodium
chloride can be found on the other side of the membrane due to diffusion based on the salt
concentration gradient, but it’s not like amgjor carrying over. No. The whole detailed
mechanism of why just pure water is going through this particular membrane is not known.
There are severa types of membranes you can use. Why do these few types of polymers alow
pure water to go through? | don’t think we have a complete understanding yet.

TRAYNHAM: Wasthis utilization of the idea of reverse osmosis original with you and UOP,
or was it a specific application of previously existing technology?

LI: The very early mention was made maybe sixty years ago. UOP certainly was not the
inventor. Thereal practical applications may be as old as thirty years.

TRAYNHAM: But you devel oped new membranes to accomplish this? Isthat the idea?

LI: Yes, the whole ideawasto develop new membranes, and the membranes with various
chemical resistance. For instance, in the United States, the municipalities purified their water by
chlorinating water. Theresidual chlorinein the water would cause damage on membranes. So
wedid alot of work of developing polymers that resist the chlorine attack.

TRAYNHAM: What other developments occurred in your management at UOP? Y ou
indicated that was the initial undertaking that you did.

LI: Well, yes. The main thing was still adsorption. That technology | should mention alittle
bit. It was called Sorbex. The whole idea was, when you do the liquid phase adsorption, you
have a certain adsorbent that absorbs certain material, but then you have to add a desorbent later
on to desorb the material that has been adsorbed. The whole thing hasto be carried out in a
liquid phase. UOP had avery, very bright chemica engineer. His name was Don Broughton,
who died maybe ten years ago. He was very bright, and smart enough to figure out on paper the
simulated moving-bed theory. In general, we need a counter-current flow process. In other
words, in an adsorption column, the solids flow one way, the liquid flows the other way. That
would give the best, most economical system. But in reality we cannot get all the solids to flow.
They are heavy. So Broughton said, “Instead of having solids flow, | am going to change the
inlet and outlet positions of al those streams with time. If | have atime clock that can make the
changes of positionswithtime.” Say all the positions are moving up one notch that simulate the
solids going down one notch—it’s just like two trains, you know. One train moves, and if
you're sitting in the other train, which is not moving, but you feel you are moving oppositely.
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Sameidea. And he proved it mathematically that this so-called simulated moving bed would
give the same economical advantage as the real moving bed. That was the basis for UOP's
invention of the Sorbex system. This so-called simulated moving bed, to me, isavery amazing
invention. It'slikeagold mine. The core technology is the foundation. From there, you keep
on coming up with different applications. | mentioned Parex, to separate para xylene from
xyleneisomers. There are many other applications. So our job at that time was to develop new
applications.

For instance, one application | worked on—this one we happened not to be able to
commercialize—was with fish oil. In the fish oil, as we know, there’s a compound called
omega -3 fatty acid, which is very valuable for depressing high blood pressure. | remember we
worked on that separation using adsorption. So we tried different applications. Wetried to
develop new applications based on the Sorbex fundamental invention. That was the main job of
the separations department.

But | should mention something here: when | first came, | found that | really needed to
reorganize the department. That took me quite a bit of time. Reorganizing actually meant
letting some people go and hiring some new people.

[END OF TAPE, SIDE 2]

LI: Thereason | can work very well with Mary Good is| find that alot of times, we think the
same way. | happened to think it’s important to find bright young people, but not necessarily
the people with the skill and experience that fit into our projects. | believe strongly that if | can
find ayoung Ph.D., for instance, who is very bright, then by his Ph.D. training he should be able
to learn things quickly. Mary also believesin that. So we were able to hire quite afew bright
young people to join the department. But that took quite abit of my time, and | can be honest in
telling you that | al'so met alot of resistance within the existing staff. Of course, they felt
uncertain about their future and so on. But my purpose was simply to make the separation
department much more efficient and competitive.

TRAYNHAM: Did you do much of the recruiting visits yourself or did you have others who
did that?

LI: 1 didn’t have to make the plant trips to other companies, but | had people coming in and
then | always participated in the interviews.

TRAYNHAM: Were most of your new hires fresh out of university education, or were they
brought over from other companies where they had been employed?
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LI: We had both, but | think most were new Ph.D.’s. A few came from other companies. So,
yes, | think Mary was right. She believed it was one of my major contributions as a manager to
bring in very bright young peopleto join the old-timers.

TRAYNHAM: Did you have any pangs of discontent over the fact that these young people you
were bringing in were the ones who were doing the actual bench work, which you used to do,
and you were now recruiting and managing their work? Did you have any feelings of missing
the direct involvement in the bench chemical engineering yourself?

LI: Yes, | did. Except | realized, maybe | wasin even a better position because | could offer
them my ideas and have them try my ideas, if they believed my ideas sounded promising. So
instead of doing it myself, which would be slower, | now could have more people working,
perhaps, on my ideas.

TRAYNHAM: So you were beginning to find some enjoyment in being a manager?

LI: Yes. | waskind of avery involved manager, if you will, and | subscribed to what Mary said
about an open-door policy. In other words, my door was literally always open. Anybody could
just stop by. Didn’t need to make any appointment with me, although | had a secretary. So |
believe | was very close to my researchers.

TRAYNHAM: Y ou made a change of employer again after the UOP experience, | believe.
What led to that change?

LI: Yes. That wasadifficult change, you know. | realized alot of times you cannot think
purely based on the work. People are another important element. When | faced the change of
either staying with UOP or go to Allied Signal, where Mary was going, | decided to follow her.
Although technically, | don’t think it was a good choice simply because at Allied Signal,
separation is not nearly as important as at UOP, and separation is my speciaty. | have
mentioned separation is one of the two large businesses for UOP. Allied Signal is much bigger,
with alot of things going on, but even chemical engineering is not amajor part of Allied Signal.
But | think here the people-factor became important. | really feel that Mary Good iswhat | call
an enlightened manager, and | followed her to Allied Signal.

TRAYNHAM: Did you know who would be replacing her at UOP before you made your
choice to move with her?
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LI: No. At that time, | was mainly concerned about whether | could have someone above me
that | respected and received support from, which | was confident that | could get that from
Mary Good. But actually, it turned out to be also a good move from atechnical point of view
because, athough Allied Signal did not do that much separations work, | did end up doing alot
of catalysis work, which was a new experience for me. For instance, Allied Signal isbigin
making therefrigerants. By the way, DuPont’ s trade nameis freon®. Allied Signal and DuPont
are two major competitors. In making the refrigerants, you need to have good catalyst.
Especialy later on, when we tried to produce the so-called “ozone friendly” refrigerants. That
meant awhole new process with anew catalyst. We did it in my laboratory—my job title was
changed too. It was no longer Director of Separations Research, but rather Director of Research
and Technology. You can see from that title, my responsibility increased tremendously. So not
only did I have the separation programs, | also had quite afew catalysis programs. Allied also
is big in automotive catalysts, so we did alot of work on automotive catalysts. Allied isaso
very big in making nylon fibers, and nylon fibers are used to make carpets. Again, Allied and
DuPont are the two major suppliers of nylon fibers. So we did alot of work on things relating
to extrusion and to fiber surface properties.

One major project at that time was how to change the chemistry of the fiber so that the
fiber becomes stain-resistant. Y ou can pour coffee to your carpet and it will not stain. You can
wipeit off. Wedid alot of research on those kinds of things. So in hindsight, my going to
Allied Signal got me into some separation research, but more into catalysis and polymer
chemistry. So | consider that as agood move. | must say, that was not a determining reason for
me to move in the beginning because | did not know | would get into those areas. The reason,
as | mentioned, was because Mary Good was there, sheinvited me to go, so | decided to go.

TRAYNHAM: But her career at Allied Signal was cut short by her becoming Assistant
Secretary of Commerce. Where did that leave you at Allied Signal ?

LI: Well, as| mentioned, the people-factor isimportant, indeed. After she left, the person who
took over was, frankly, a disaster. A disaster to the degree that upper manager in Allied decided
to abolish corporate research altogether. | guess her successor didn’t show the benefits of
corporate research, or couldn’t convince the upper management that they should continue to
support corporate research with that kind of huge funding. So the policy was completely
changed. They abolished corporate research. They laid off some scientists, and sent the rest of
the scientists to different divisions to get them to work on the division-sponsored, very-applied
research. So Allied then decided to quit from the long-range research. To me, | think it'saloss
to the company.

TRAYNHAM: Soit was acontrast to the management you had experienced up to that time?
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LI: Yes, that'sright.

TRAYNHAM: Unenlightened management, | guess you would call it.

LI: That'sright. That led me to decide that it was time for meto leave Allied.

TRAYNHAM: So at that time, you had had how long a career as an industrial employee?
Eighteen years with Exxon, and then how long with the others?

LI: Fourteen with UOP and Allied combined. So thirty-two years.

TRAYNHAM: That, for most people, would be afull career.

LI: Yes. Butthen| thought, heath-wise, | was fine and, therefore, should continue to work.
My wife was doing great in UOP. Theinteresting thing is, UOP isakind of old-fashioned
company, if | can put it that way. In old days, they calculated everything with slide rules, so to
speak, and then when they got into computers, they didn’t pay too much attention to the
software. The engineers weretaking alot of data, but they didn’t have a good scientific way of
analyzing thedata. They didn’t really use the statistics in analyzing the data. | happen to
believe, and aso have learned quite abit from my wife, that alot of information istherein the
data. You cannot just eyeball them. You really have to work on them to extract the maximum
information out. | think UOP really learned from my wife because of her statistics background.
So UORP started to apply statistics to design of their experiments and to data analysis. Design of
experiments means that instead of rushing to lab and cranking out one thousand experiments,
you carefully design by using statistics. Instead of a thousand, you make, say, ninety-five or
something, a much smaller number of experiments. Once you get those experiments done, you
analyze them very carefully. Thisiswhy my wife’swork is very important at UOP, and instead
of thinking like a person would normally think after working for thirty-two years—retiring and
lying on a beach, enjoying himself—I decided to have this consulting company. So | took early
retirement and—well | don’t know how “early” this means—I was actually sixty-two years old
in 1995. But anyway, | decided to retire from Allied Signal and start this consulting company. |
decided to have some fun and not worry about all those bureaucratic thingsin alarge
corporation. So that’s where | am.

TRAYNHAM: The change from UOP to Allied Signal did not require you to change your
residence, | believe.
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LI: No. I'vebeen staying in the same house for fourteen years.

TRAYNHAM: The commuting route was alittle different, but other than that, it was not a
change of place.

LI: That'strue.

TRAYNHAM: So you didn’'t face the same problem you faced moving from New Jersey, asto
what would your wife do. She just continued in her employment with UOP.

Ll: That'sright.

TRAYNHAM: She continuesto do that?

LI: Yes, and she has, of course, advanced in her career. As| mentioned to you last night during
dinner, she' s now the Director for the Statistics Science Center and the director of UOP's
quality management program. She's doing exciting things.

TRAYNHAM: You retired from Allied Signa at age sixty-two and started your own consulting
business. That's where we are now. What’s the nature of the consulting business you carry on?

LI: Well, | do so-called individual consulting. In other words, a company would invite me to
go there—just like when | wasin Allied Signal, | invited professors to come to consult. But
also we do project consultation. That is, somebody, a company, wants to ask us, for instance, to
set up a membrane plant from the beginning to the end. So we have to do everything. Of
course, we don’t actually do everything. We don’t have enough people to do that. But we will
take care of the entire project. So that’swhy it’s called consultation by the project. If the
machines in the project have to be made, then we will contract machine companies and so on.
We do all that kind of thing.

TRAYNHAM: Do you find that all or most of your consulting business comes by companies
coming to you to request your services, or do you advertise your availability for certain
specializations?
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LI: We have aweb page, but other than that, we don’t send out brochures or anything. Asa
matter of fact, we don’t even have abrochure. | don’t intend to make this company grow into
thousands of people. If that were the case, | might as well have stayed at Allied Signal. | think
it should be small so we can be agile, we can do the things we want. We don’t have to worry so
much about overhead and cash flow. We can select the programs. In my situation, | can afford
to select the programs that | feel happy with because they have a direct impact on people.

I’ll give you one example. When | wasin Beijing, China, there was this university
called the Beijing University of Chemical Technology, where | visited. The President took me
for atour. The president was awoman and she said, “We have more than twenty thousand
students here, and once they leave the dormitory, come into the classrooms, they don’t have
water to drink. They either have to buy bottled water, or Coca-Cola. But they cannot drink the
water from the faucet. We used to have ahuge boiler. We tried to boil the water for them, but
we don’t have the money anymore. We cannot supply twenty thousand students with drinking
water.”

TRAYNHAM: Isthat the case al over Beijing?

LI: I believe that’sthe case al over China, not only in the universities, but also train stations, et
cetera. You go to the Beijing train station and you see so many people but the water there—
you'd better not drink it. So | said to myself, “If you could use membranes to purify water, it
would directly impact people.” Another example: | mentioned artificial kidney. One project we
haveisthe artificial kidney. Thisiswith the conventional dialysis technology, but we try to
modify the membranes so that it would be a better membrane. We work together with a
German company. Thisis also based on my early, sad experience that | mentioned with kidney
patients. They really need some good ways to help them. So | think, at my stage, | don’t worry
about money and stocks, you know, all these kind of things. | simply try to do afew good

proj ects.

TRAYNHAM: I'm sure you find it rewarding to have that undirected type of career
opportunity.

LI: Yes

TRAYNHAM: Well, you've had experience with at least two extremes of research and career
management, and happy experiences with both Exxon and UOP and the early days at Allied
Signal, and then followed by what was aless-happy research mode. Y ou have made reference
severa times along the way to the importance of people in your evaluation of your career
situation. What was your experience with industrial teamwork in terms of getting research
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done? Was your experience more of an individual project, or was it ateam research project that
carried through most of the time?

LI: Well, in my early days, it was more individual research, but later on | really subscribed to
the new thinking, if you will, of doing things with ateam—as a matter of fact, amulti-
functional team. | learned one thing, which isvery interesting and actually | learned it back in
Exxon, except it wasn't used very commonly. But | learned that very quickly. It'saskill. It'sa
way to solve problem by using teams. It'svery interesting. If | hit aresearch problem, and |
talked to my colleagues, we thought about something we applied, but we still couldn’t solve the
problem. One last way was to call a meeting, inviting people who had no background and
experience about this project. Asamatter of fact, you want to invite somebody who may be a
physicist, or amathematician. In other words, if you are working on a chemistry problem, then
invite somebody far away from chemistry. Y ou get ateam like that, and amazing thing usually
happens. At ateam meeting, you pose this problem to the team, and onerule | always haveis:
you cannot laugh or put down somebody’ sideas. Y ou have to respect peopl€ s ideas, no matter
how ridiculous they seem. Do they come up withideas! The amazing thing is that sometimes
their ideas will come out really helpful in solving the problem.

| remember my own experience—that iswhy | believe in this approach. | wastrying to
solve a problem with a surface-related problem. Exxon invited a professor to be my consultant,
which reminds me of what | am doing today, myself. The professor spent one day with me. |
remember he wrote all the theories on my blackboard. He tried to tell me my problem couldn’t
be solved because it was governed by certain theories. But | solved the problem in the end—I
was very proud. Asamatter of fact, | got one U.S. patent to prove that. | remember | didn’t
give up on my initial ideas. | agreed with him on the theories, but | was not intimidated by
them. | was maybe ignorant enough that | decided to attack this problem based on my own
ideas. So | learned in early times that you get a group of people with different backgrounds as
an idea-generating team. Thiswould be good. Now with this Six Sigma and Quality
Management approach, we tend to have a multi-functiona team. In other words, we have
researchers, we have marketing people, and all that, joining as a dedicated team for a certain
project. | certainly agree with that, too. But | do feel there should be some important element
here. | feel that good judgment has to be there, because when you talk about team, you most
likely talk about empowerment. Y ou empower the team, let the team membersto do things.
Invariably, good judgment becomes very important. Otherwise, they may be led astray doing
something unimportant, wasting time. | think that’s one important element. Thereis another
important element, which is: people have to be energized. Y ou form ateam and by the team’s
interaction, they should be energized. If they feel likeit's just aroutine thing, they just go to the
team meeting and put up withit. That would be very bad. So on one hand, | very much
subscribe to the team approach; on the other hand, | think one hasto be very careful in
organizing the team, and sometimes, as a manager, you still cannot relinquish your managerial
responsibility. You still have to exercise leadership.
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TRAYNHAM: Well, out of your extensive experience, how would you summarize your view
of what constitutes scientific innovation?

LI: Jim, you see, I'm an industrial scientist. All my career has been with industry. Therefore,
my view could be different from people at auniversity. My view about innovation isthat if it
cannot be commercialized, if it remains as alaboratory curiosity, then to meit realy wouldn’t
have much value. | wouldn’t even know whether it's an invention or not. If it’sinnovation, it
has to have some practical value. It cannot be alaboratory curiosity. That’s my view.

TRAYNHAM: What do you see as the future of chemical R&D in these times?

LI: | thought about thistopic. In the future—first of al, I think we're going to live more and
more by the integral designs. What do | mean by integral designs? We have, | think at this
stage, so much intellectual capital, if you will. We have accumulated so much knowledge.
From an industrial point of view, what we' ve been doing is we always invent, develop, then sell.
Thisis aways the sequence: invent, develop, sell. Then you move on to do another project.
And thisinvented knowledge or developed knowledge is then set aside. Of course, it may help
you in an indirect way, but not consciously. What | am thinking now is that you have the
information technology, you have the computational methodol ogy technology, you have the
artificial intelligence, you have the combinatorial chemistry approach. We should now really be
utilizing our existing knowledge to try to develop new things. So that’s one thing.

| think in the future we aso haveto really very much keep in mind the speed. We need
to develop things quickly into the market place, at least from a company point of view, because
the competition is globa and thereis also the so-called “speed of life.” | think another
important factor is that—we need to pay attention to green chemistry; the environmental issueis
very important. | also think in the future, alot more inventions would come out from the
interface. For example, organic chemistry—not so much from organic chemistry itself, but
from the interface between organic chemistry and other sciences. That interface could give you
new inventions, new insights. If we take chemistry broadly—you put chemistry together with
biology and maybe new cataysts can be generated. | worked with enzymes, as | mentioned.
Now, in nature, enzymes are very specific. Their selectivity is extremely high, and their
requirements are so benign. They just need an ambient temperature, and enzymes always love
water. It’snot like our industrial catalysts, which sometimes require high temperature and all
these kinds of things. So if you put chemistry and biology there together, maybe at the
interface, maybe we can produce new catalysts, for instance. Or you put chemistry with
physics, maybe you can invent new materials. We are talking about nano materials. | think
they are definitely at thisinterface, where more new things can come out.

TRAYNHAM: Sounds amost as though you’ re proposing that we somehow develop liquid
membranes between disciplines so there can be facilitated transport of ideas!
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LI: Yes! Liquid membranes enabled meto get into different fields. |1 am never atraditiona
chemical engineer. Asamatter of fact, | consider myself really quite a bit on the chemistry
side. Theliquid membrane enabled me to work with enzymes, so | worked with bioscientists, |
worked with peoplein fertilizer industry to do encapsulation and al these kinds of things. The
more | get experience on this and make more inventions, the more | believe this interface
concept.

TRAYNHAM: Near the end of your career as an employee with industries other than your
consulting firm, you received severa significant awards from professiona societies and it
finaly led up to the receipt of the Perkin Medal thisyear. Tell me something about the impact
of those awards on you and your outlook.

LI: Well of course, with the Perkin Award, | felt very much honored, but also it really makes
me feel very humbled that | was given this great honor. It kind of made me fedl that | should do
more, maybe even better things—amost like to justify to myself and to the society that, you
know, the award indeed was properly given to me. [laughter] | could, of course, feel contented
and say, “Stop here. | already got the highest honor in chemical industry.” But | didn’'t have
that feeling. | didn’t have this contented feeling.

TRAYNHAM: Sinceit has comejust thisyear, it’s hard to assess its impact on your career.
What about the earlier awards that came in the late 1980s? Did you notice that those
recognitions by professional societies and your peers had an impact on your career with
companies you were employed with, or did they not?

LI: Well, no. | think that’s the sad part of it. | think industries usually only recognize your
direct contribution to the companies. However, | think those awards of course mean that you
are being recognized by your peers. | wasfortunate. | think in that time period that you referred
to, | have maybe three mgor awards or mgjor honors. | had a major award from the American
Chemical Society; that is the award on the separation science and technology. | had a major
award from American Institute of Chemical Engineers; that’s called Alpha Chi Sigma Award.
And then | had the third honor of being elected to the National Academy of Engineering. These
arethree honors. Although | didn’t see any immediate benefit from the company, like, “Oh,
okay, you got into the Academy so we promote you.” No, it’snot like that. But | think,
personally, it was just tremendous. | felt a satisfaction that | was recognized by my peers.

TRAYNHAM: Certainly. What has been your experience since your election to the National
Academy of Engineering? How have you been involved with the National Academy?
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LI: I wasinvolved in severa committee activities, actually three. Based on my separations
work, we studied certain aspects of separation technology as applied to industries, and one on
biotechnology. So these are my involvements. | told the Academy that | would be involved
more with them. So starting this year, | will be on their Nomination Committee.

TRAYNHAM: Y ou have mentioned severa times your wife, your close relationship with her,
and her success in an independent but related career. Tell me something about your children
whom you have mentioned. You've had two children. What has become of them?

Ll: Wearevery proud of them. We have two very good kids. We raised them in a Christian
family and they both are chemical engineers. [laughter] That’s amazing, but not by design.

TRAYNHAM: You didn’t discourage them from becoming chemical engineers as your father
discouraged you from becoming awriter?

LI: No. [laughter] Asamatter of fact, | encouraged them, but not to the degree they felt they
had to go into chemical engineering.

TRAYNHAM: You just told them what a good opportunity it was.

Ll: Right. What | told them wasthis. “If you know exactly what you’ re going to do, if you are
so talented in music, or you' re so talented in painting, you should be doing those. But if you are
not so sure about which way to go, then you may want to consider chemical engineering for the
simplefact, it'svery broad.” Chemical engineering will enable you to go into bio, or into
chemicals or petroleum. Asamatter of fact, when | gave a seminar at Princeton’s Chemical
Engineering department, the chairman told me, “We surveyed our graduates of chemical
engineering, B.S. degrees. They arein all walks of life. Some are even on Wall Street, doing
things relating to the technology, of course.” So chemical engineers can do many things. But to
that extent, | think if you are a civil engineer, for example, your field is narrow and well

defined. You know, like working on, highways, bridges. Y ou cannot do bio. [laughter] But
anyway, they both ended being chemical engineers.

Our daughter, who is older, went to University of Illinoisin Champagne for her B.S.
degree, then to The Johns Hopkins University to get her Ph.D. Shedid initialy want to go to
medical school and we actualy discouraged her because of her health. She used to have some
asthmatic attacks and we believed the medical school’ s training would be too strenuous for her.
However, since she went to Johns Hopkins, although she’sin chemica engineering, she got into
excellent bio research. Now she’ sworking with abio company in Boston in the forefront
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research of tissue engineering. So | think she'svery happy; instead of being an M.D., she'sa
Ph.D. doing bioresearch.

Our son has avery different personality. He has aB.S. degree from Purdue University
and heis not interested in going on to graduate study. Instead, as | mentioned to you last night,
he's now getting an M.B.A. degree, meanwhile working at the Cabot Company as a chemical
engineer. So he’smoreinterested in business. A fortunate thing from the parents’ point of
view—although our daughter lives pretty far away in Boston—our son livesright here. Helives
in Chicago. So many times he would come home and we go to church together. | should
mention that Chicago is very fortunate to have this church called the Willow Creek Community
Church. It'savery large church, non-denominational. Believeit or not, the membership islike
twenty thousand. We' re not members, but we enjoy going there for the Sunday service. Heis
engaged to alovely Irish girl who will bean M.D. Sheis studying for her M.D. degree at
Northwestern University. They will be married next year. My wife and | feel that children
would do well if the parents are good models and give them a strong family support. In that
sense, | feel sorry to see some of my friends; they divorced and they separated. | think it must
be painful for them and for their children as well.

TRAYNHAM: Isyour daughter married?

Ll: Yes. Sheismarried to avery caring person, who happens to be a physician.

TRAYNHAM: Any grandchildren yet?

LI: No, not yet. [laughter] So, we're still waiting. Anxiously waiting. [laughter]

TRAYNHAM: Y ou made reference two or three times during your interview to Christian
affiliation. Y ou remarked about your wife and just now about your son and the affiliation with
the Willow Creek church. Was it unusual for personsin Shanghai at the time to grow up
affiliated with a Christian denomination?

LI: Yes

TRAYNHAM: How did that come about? Were your parents influenced by missionaries?

LI: Not realy. In my case, when | was at National Taiwan University | had the opportunity of
talking to the people in the church. | mentioned The Y ouths to Christ organization. Asto my
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wife—I don’t know how she became such a devoted Christian. | don’t think her family gave
her any influence. Both our children are Christians and | guess that probably is by our influence
to some extent.

TRAYNHAM: But you and your wife both were essentially first generation Christians?

LI: That'sright. You can say that.

TRAYNHAM: WEéll, isthere any more than you think of that we should include to make the
story complete?

LI: Well, I think one thing | wanted to bring out is, as an immigrant, | think many people talk
about how bad this country has become, or things are going downhill, or they are angry about
certain things. But | think the perspective should be that thisis avery, very wonderful country.
This country gains its strength through immigrants. | guess amost everybody is an immigrant,
either second or third generation. But | really appreciate the opportunity to study here and to
work in this country. To that extent, | feel that native Americans may not appreciate nearly as
much as | do. | just hope that they live in other parts of the world for awhile and then they
probably appreciate more. Mary Good actually brought this point up when she introduced me at
the Perkin dinner. She said thisiswhat it’s all about in this country. She used me and my
family as an example to show that the immigrants who come to this country to get opportunities
and to do well in this society.

[END OF TAPE, SIDE 3]

TRAYNHAM: Y ou were speaking about your feeling about the country as an immigrant, and
how important it isto you. Please pick up and continue with that.

LI: | just wanted to say that thisis awonderful country that provides opportunity for education
to immigrants, for them to work to contribute to this country, and to excel in their professions. |
think truly it isawonderful country.

TRAYNHAM: | think you said that Mary Good used that as an example in the Perkin
introduction.



LI: Yes, that'sright. She mentioned that and she said, “Thisiswhat it's all about in this
country. That it’s basically a country of immigrants and they join force, so to speak, and build
up thiscountry.” Thisisawonderful country. It providesalot of opportunities.

TRAYNHAM: WEéll, you have certainly used your opportunitiesto give back to the country
and continue to do so in your continuing career. Thank you for your generous time and
interesting story that will become an important part of the Chemica Heritage Foundation’s oral
history program archives.

LI: Thank you.

[END OF TAPE, SIDE 4]

[END OF INTERVIEW]
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