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ABSTRACT

Peter Morris starts this interview by asking Donald G een
and WIllard Asbury about the early years at Standard Q|
Devel opnment Conpany and the influence of Frank Howard and Eger
Mur phree. The arc process is discussed as well as the |evel of
assi stance obtained from |G Farben; G een and Asbury recall the
| G research organi zation. The wartinme pressures during the
devel opnent of GRS, and the problens at the Baton Rouge pl ant
are di scussed by Green, while Asbury tells of his visit to
Germany with the U.S. Strategi c Bonbing Survey. The political
recrimnations of the prewar cooperation between Standard G| and
| G Farben are recollected as are visits to Germany in the 1930s
and 1950s. The interview ends with a survey of the postwar nove
into chem cals, the Ziegler process and the future of the oil and
petrochem cal industries.
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| NTERVI EVEES: W/l lard C. Asbury and A. Donald G een
| NTERVI EVER: Peter J. T. Morris
LOCATI ON: Westfield, New Jersey

DATE: 9 Decenber 1985

MORRIS: M. Geen, you nention your recollections of MT in your
menoirs (1). Now, of course, you went to MT in a very inportant
peri od when Warren K. Lewis was building up a trenendously

i nportant school of chem cal engineering; you also nentioned
Norbert Wener. |Is there anything about these two nen that you
woul d like to nmention?

GREEN: Lew s, of course, was a consultant for the New Jersey
conpany [Standard O 1] for many years and he was a very dynam c
figure. A very interesting man, a very capable man with a | ot of
originality.

MORRI'S: Did he have any influence on your career? | mean did he
poi nt you in any one direction while you were a student?

GREEN: I don't think so.

MORRI'S:  What about the later years when you were working for
Jersey Standard yourself and he was consultant?

GREEN. | had sone contacts with himthen, but not too many. He
was nore involved in the petrol eumend of Jersey's business than
in the chemcal side. 1Isn't that right, Bill?

ASBURY: He made nmany inventions in the petroleumfield, nost
particularly in catalytic cracking using the fluid technique. He
and Dr. [Edwin] Glliland produced sonme very fine ideas. He gave
us great help on fluid crackingusing catalytic techniques.

MORRI S:  What was your recollection of Dr. Lew s?

ASBURY: Well, he was a very dynamic man and very inspirational
because he al ways had i deas which canme out spontaneously. He had
t remendous ent husi asm



MORRI'S:  Wuld you say that he had a material effect on the
research quality at Standard G| ?

ASBURY: | think that he had quite a |lot of influence, yes.

think that [Robert P.]Russell and [Eger V.] Mirphree were nuch

I npressed. Even before them M. [Frank A'] Howard, who was the
head of Standard O | Devel opnent Conpany, got a |lot of help from
Dr. Lew s.

MORRIS: O course, Frank Howard hi nself was a nechani cal
engi neer.

ASBURY: Right. And a patent man, and a | awer. Yes.

MORRI'S:  What was your recollection of him M. Geen?

GREEN:. M. Howard? Well, | admred him He was very far-seeing
and he recogni zed about 1930 or even earlier that this country had
to get into synthetic rubber. The price of rubber kept going up
and down--it would go froma nickel a pound up to a dollar a
pound. Rubber is very inportant to the autonobile industry, as
much as gasoline. So that's how we got into the electric arc
process because that was the only way known to make [acetyl ene for
conversion to] butadiene for Buna type rubber (2).

MORRI'S: To what extent did Frank Howard control the direction in
which the Standard G| Devel opnment Conpany noved? The electric
arc process, was that his personal desire to nove into this field?

GREEN. No, | don't think so. He visited the IG[I. G Farben-

i ndustrie Aktiengesellschaft] in the |ate 1920s, about 1926 or
1927, and was trenmendously inpressed by them At that tine they
showed himtheir synthetic rubber, which wasn't of very good
quality.

MORRI S:  What were your personal inpressions of Frank Howard? |
mean when you first met himin 1930.

GREEN. As | said, | admred hima great deal. He was a sort of a
cold person, as far as personal relations go.



MORRI'S: Wuld it be true to say that Frank Howard never received
t he backing fromJersey Standard as a whol e that he perhaps felt
that his ideas entitled himto? | get the inpression that, to
sone extent, he was goi ng ahead of the pack and he didn't always
get full support.

ASBURY: Well, | think they gave his ideas a |l ot of support in the
early days, fromthe 1920s on. | was in Germany with M. Howard
when we nmet with the IG and visited their plants. Then M.[VWalter
C.] Teagle and others fromthe New York office cane over, had
several neetings with |G Farben and cooked up the begi nning of a
deal with them W were very inpressed with their work, their
techni ques, their equi pnent and the way they were goi ng about
things. W wanted to get their help. Al so, you have to realize
at the tine there was a shortage of gasoline. [This was before
the East Texas field was devel oped.] The price of gasoline had
gone to a dollar a gallon and it | ooked as if we were in for a big
shortage. W visited their synthetic oil plant at Leunawhere they
obt ai ned oil fromcoal [via hydrogenation over a nickel catalyst
at 4000 psig] and we considered that this would be a way to avoid
an oil shortage in the United States. W wanted to get their
background on handling oil and coal and converting theminto
usabl e petrol eum products.

MORRI'S: | was thinking of a somewhat |ater period, maybe the late
thirties, when you were trying to persuade the governnent to
devel op synthetic rubber. | wonder how nmuch support he was

getting fromthem for that?

ASBURY: | think he was still getting their support. | think the
trouble canme in later, after he ran into all the difficulties with
t he governnment on the |G connecti on.

MORRI'S:  What was his reaction to the public attack on his
notives? Was he very surprised by the reaction?

GREEN: | think I nentioned in there (1) that | heard himsay once
that he felt that the conpany shouldn't have agreed to that
consent decr ee.

MORRIS: | think in 1945 Howard left the Standard O | Devel opnent
Conpany.

ASBURY: Yes, he was nade a vice president of Jersey Standard
around that tinme. W can check the date if you want to know.
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MORRI'S: | never heard a great deal about how his career ended.

H s book cane out in 1947 and the account finished at about 1945
(3), so | never really | earned nmuch about what happened to hi m at
the end of his career.

GREEN: Well, it's a very touchy subject. | will say generally
that with all the troubles and with the bad publicity, they were a
little cruel to Frank Howard. Before that they had made hima
vice president so that he could have nore status and prestige when
he was dealing with foreign groups, but after all the troubles in
1947 and 1948 he ran into trouble wth the people at the top.

MORRI'S: Let nme turn back a bit. You nmet Murphree at Solvay and |
get the inpression fromwhat you wote about him that he was a
person who hankered after theoretical physics. Do you think that,
gi ven the opportunity, he m ght have gone into theoretica

physi cs?

GREEN. Well, | don't know. | don't think so, because he was nore
of an engineer. But he used theory to help the engineering.

MORRI'S: He seened to be a very remarkabl e person

GREEN: He really was. No doubt about it. He was a rea
scientist. | worked for Murph when | was at Allied Chemcal. He
took the job with Jersey in connection with this |G Farben

busi ness and he offered ne a job. [Osgood V.] Tracy and Bob
Carrier also cane and we were in Elizabeth for a while designing
the plants. Then we all went to Baton Rouge, ran the plants, and
then | guess he becanme head of the | aboratory then, didn't he?

ASBURY: Yes, at Baton Rouge.

GREEN: There was a | aboratory that was mainly working on

hydr ogenati on as a consequence of this material that we bought
fromI| G Farben. There were three hydro plants under construction
and | drew the plans; | guess | nentioned that in nmy nenoirs.

MORRI S: How did Murphree conme to be connected with the Manhattan
Project? He didn't seemto be an obvious candidate for the
progr am



GREEN: He was an outstandi ng engi neer and he knew a | ot of people
who were connected with the Manhattan Project; [Harold] Uey, for
exanple. He had a lot of contact with Uey and ot her people such
as [Charles D.] Conpton so it was quite natural for themto get
himto work for the Manhattan Project. He went to a lot of their
neetings and did a ot of work for them He worked on the

t heoretical aspects of the diffusion process that was used to
separate the uraniumisotopes. Apparently he worked out the basic
equations for the diffusion process and he was also interested in
the centrifuge approach. W did a lot of work on the centrifuge
approach. He had ot her people working for himon the diffusion
and they made the uranium hexafluoride to make the separation.

ASBURY: Karl Cohen did.

GREEN: Yes, Karl Cohen di d.

MORRIS: It's interesting in a way because Murphree was a key
figure in the history of chem cal engineering yet it's indicative
of the lack of respect or recognition that chem cal engi neers get,
that high school and university students probably know nuch nore
about soneone |ike U ey.

ASBURY: Well, it's the same old story: scientists get a |lot nore
publicity than engineers. That's the way it is. [laughter]

GREEN. Murphree was called to Washi ngton, you know, after
Sputnik. They called hima "mssiles czar" for a while. He tried
to straighten out our mssiles, tried to get our own sputniKks.

MORRI'S: It is amazing how sonmeone ends up with jobs quite
unrelated to petroleumtechnology. Did he die at a relatively
young age?

ASBURY: | think he was sixty-two.

MORRI S:  What position did he hold then?

ASBURY: As | recall, he had been taken back to New York, and was
vi ce president of Exxon.

GREEN: Yes, in charge of the scientific effort.
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MORRI S; | see. He still liked to be on the scientific side?

GREEN: Definitely.

MRRIS: | think difton C. Garvin was the first chem st or
chem cal engineer to becone president of Exxon.

GREEN: I"'mnot sure of that.

ASBURY: Well, we have a | ot of people fromthe production end of
t he busi ness as a consequence.

MORRI S: Let's nove on a bit.

GREEN: We have had a | ot of chem cal engineers fromMT on the
board over the years.

MORRI'S:  Yes, | was thinking of wthin the conpany.

Let ne ask about the arc process. | don't quite know how it
wor ked, nor the pros and cons of the process. It was used in
Germany from 1940, and it worked pretty satisfactorily during the
war, but afterwards, although various high tenperature processes
were on the market, with the exception of one Italian conpany that
needed it briefly, no conpany has ever invested heavily in the arc
pr ocess.

GREEN: Well, Chem sche Werke Hul s did.

MORRIS: Wasn't that because it was installed back in 19407

GREEN: Well, 1 don't know about that. At that tinme, the only way
to make synthetic rubber was starting with acetylene. A few years
later, it was realized--both they and us--that starting from

but ene or butylene was quite a | ot better.

MORRIS: |I'mtrying to conpare the arc process with the carbide or
ot her high tenperature processes.

ASBURY: Well, we conpared them and the arc process was favored.
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MORRI'S: Aren't there three basic problens with it? First, you
get a |lot of carbon bl ack.

GREEN: Just enough to cause a little trouble if you go right into
the conpressors w thout washing out the carbon particles. That
was not a major problem at Baton Rouge.

MORRI'S:  The second problem that | heard about fromthe Gernmans,
was that the process does tend to produce a certain amount of
vinyl acetyl ene and divinyl acetyl ene.

ASBURY: D acetyl ene.

MORRI'S:  Which is explosive and therefore can cause problens at
the firing end.

GREEN: Well, it didn't give us any great problens. Wat we did
at the Baton Rouge plant was to wash the hot gas with oil and take
out those heavy conpounds. As | renmenber, we used natural gas
that we treated with the arc to strip out those nmaterials. So, we
didn't really have any problens with that.

MORRI'S: The last problem (it's not really so nmuch a problemas a
barrier) is that although the process itself probably used only
about two-thirds as nuch electricity as the carbide process, a lot
of this advantage is lost in refining. Carbide acetylene can be
used directly while with arc acetylene a purification stage is
necessary. Wuld you like to coment?

GREEN: Depends on what you are going to use it for

MORRI S: At Baton Rouge you weren't trying to refine it very nuch
were you?

GREEN: Well, we washed it with oil to get out the heavy conpounds
and we got out the carbon black, then we converted the dilute gas
to acetal dehyde, but it wasn't a very good process. It used an

i npregnat ed pum ce catal yst but we found cuprene as a by-product,
because of copper contam nation (4). Oherw se, the nore usua
mercury process, nmercury and ferric sulfate, could have been used,
but that was kind of nessy.



MORRI'S: At Hils they said that the consunption of electricity was
still quite good, even when taking the refining into account, but
the co-formati on of by-products such as ethylene has to be

consi dered (5).

ASBURY: Who were you talking to, did you say?

MORRI'S:  The engi neers at Hil s.

GREEN: Renenber who they were?

MORRI'S: | cannot recall offhand. They commented on the bal ance
of electric power used for various processes.

ASBURY: This is fairly recent, isn't it? Your talking with then?

MORRI'S: Oh, yes. About three or four years ago.

GREEN. Well, we wouldn't know anybody still there. [Paul]
Baumann has retired, | understand. He was the head man.

MORRI'S:  Anyway, they pointed out that ny thesis didn't take into
account the co-production of other species.

GREEN: O course, using ethane or propane consunmes a |lot |ess
power .

MORRI'S: Wuld you like to sketch the difficulties you had in
devel opi ng the arc processat Baton Rouge?

GREEN: Well, the first difficulty was the carbon bl ack, which can
be washed out with oil. The Germans hadn't told us about that.

ASBURY: No, you devel oped that in Baton Rouge, didn't you?



GREEN. That was rather a surprise. Well, we just put in a couple
of towers and washed the stuff out. And we went to reciprocating
conpressors, | renmenber, reciprocating conpressors which have

val ves which can get plugged up with carbon bl ack, but it wasn't

t oo bad.

MORRI'S:  You didn't ever have to put the tubes out of action to
cl ean thenf

GREEN: To clean the conpressor?

MORRI'S:  No, the actual arc tubes. The Germans had a policy of
putting sone tubes out of service in order to clean them

GREEN: Well, we had a spare set. W had two arcs, and used one
at a tinme, you see. But the arc itself didn't have to be cl eaned.
The fl ane tube woul d burn out once in a while.

MORRI'S: | may be confusing two different things here. The tubes
burni ng out and carbon bl ack deposits.

GREEN: Qur nmain problem at Baton Rouge was with the acetal dehyde
pl ant because of the catalyst. |t had a poor efficiency and it
becane obvious that it was not satisfactory, so | was sent over to
Germany to look at their plant at Knapsack for converting

acetyl ene to acetal dehyde using the nercury process (2). W built
a pilot plant, we worked it all out and felt we had a good
process. The acetic acid plant worked fine. W had no trouble
with that at all. W reached a point, | would say in about 1938
or 1939, that we could have built a big plant.

ASBURY: W didn't really need one.

GREEN: The economics didn't | ook too good.

MORRI'S:  You sol ved the carbon bl ackproblem D d you give the
results to the Germans?

GREEN:  Oh, sure. Paul Baumann and his crew. W had three or
four good engi neers there.



[ END OF TAPE, SIDE 1]

MORRI'S:  What help did the Germans give you in devel oping the
process? Apart fromyou actually being there and working with
them did significant help conme over from Germany? | suppose the
mercury process is the best exanple of the technical help that you
got from Germany.

GREEN: Yes, | went over and got the information that was
necessary. W built a pilot plant although it's a good thing we
didn't build a big plant because handling nercury is a | ousy job.

MORRI'S:  What were the plans in the early thirties? Wat was the
ultimate aimas far as using the arc process in Gernmany was
concerned? Was it only in connection with synthetic rubber, or
for other kinds of acetylene chem stry as well?

GREEN: Well, that was considered the main purpose in the
literature. |'msure the Germans were interested in other uses
for acetylene and they got into the Reppe process.

MORRI'S: That was later. Standard was basically interested in the
process for synthetic rubber?

GREEN: That was really our only interest. W weren't interested
in selling acetic acid and all that sort of business.

MORRIS: | got the inpression fromone or two sources that o

St andard devel oped the arc process at Baton Rouge sinply as a sign
of good will for the Gernmans. That there was never any serious
intention to use the arc process in Anerica; it was to do the
Germans a favor.

GREEN: Well, we reached a point where we recogni zed that the arc
process was not the best way to nmake synthetic rubber. By 1935,
It was pretty clear it was not the way to do it.

MORRI'S: As early as 1935?
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GREEN. As | nmentioned in the nenoirs, it seened better to go for
t he dehydrogenation of C, conpounds. W didn't do anything to
make the Germans feel good. There wasn't any point in that.

MORRI S:  What was your inpression of Paul Baumann in this period?
How did he enjoy his stay in Amrerica?

GREEN: Well, he was one of ny very best friends, ever since |
first got to know him | taught himhow to drive an autonobile.

MORRI'S:  What did you think was the difference between Anerica
and Germany in that period?

GREEN: Well, he came over here in 1930, about the tinme Hans

Bell er canme, | guess. He lived in the sane boardi ng house in
Eli zabeth as | did. Hs wife and little daughter were there, and
we got very chummy. | taught himhow to drive a car then. Wen

| went over to Germany in 1933, he went with nme. The two of us
went together to get informati on on Knapsack and ot her things

t oo, and Baumann was conducting nme around when | talked to a | ot
of the |aboratory people on the various new projects they were
wor ki ng on.

MORRI'S:  You got free access?

GREEN: Free access. There nust have been ten to fifteen

different projects. | would talk to the chem st and Paul Baumann
woul d then wite a nmenorandum as a paper record, so that | would
get it straight. | brought the nenoranda back to this country,

so that there was no holdup in information at that point.

MORRIS: | was interested that you said in your nmenoirs that Pau
Baumann was interested in chem cal engineering in Anerica.
There's been a great deal of recent work on the fact that there
have been few devel opnents in chenical engineering in Germany.
There, chem sts are supposed to be able to handle the things done
here by chem cal engineers. Now, you yourself cane from one of
the great centers of chem cal engineering. D d you sort of
perceive that difference at the tine?

GREEN: Yes. A hundred percent different. Germany didn't have
any chem cal engineers.
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MORRI'S:  That's right even now.

GREEN: They did things by trial and error.

MORRI'S: Do you think that was a great weakness of the German
chem cal industry?

GREEN:  Probably was, but they got along all right. Wen | saw
some of the plants, the plant to make soda ash, for exanmple--1'd
just worked for Allied Chem cal on the biggest soda ash plant in
the world, you know-what the Germans had was ki nd of childish.

MORRIS: In Germany did you get the feeling that the engi neering
was sonetines shoddy, not up to the sane high standards you woul d
have expected at Baton Rouge?

GREEN: Well, | think the nmachinery was pretty good.

MORRI'S:  Perhaps that was an indication of the part done by
nmechani cal engineers. The things that were done by nechani cal
engi neers were fine, and the things that were done by chenists
were fine, but that in the mddle wasn't so good.

GREEN: Wl |, Baumann was very interested to see how we did the
engi neering. He sat wth ne and observed what | did when |

desi gned the equi pnment for the al dehyde plant and the acetic acid
plant. | designed the equi pnment conpletely, even the heat
exchangers.

ASBURY: | think the German chemists used to down-rate the
engineers. |1've heard themdo it in the plants.
MORRI'S: Let me ask two other quick questions. In your menoirs,

M. Green, you say that the arc--the actual arc itself--is the
tenperature of the sun

GREEN: Five thousand degrees, the Germans said, five thousand
degrees Cel sius. The surface tenperature.

MORRI'S:  And how do you think the arc process conpares wi th other
fornms of pyrolysis of hydrocarbons |ike the Ruhrchem e process?

GREEN: We | ooked at sonme of those later, the Wil ff process. |
don't know whether it's still used; | think it's dying out.
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MORRI S: What about the Sachsse process? Wiere you have actua
burni ng of hydrocarbon in situ, the BASF process?

GREEN:  Hydrocarbons burning in oxygen?

MORRI'S:  Yes.

GREEN: | don't know.
MORRIS: | visited the German conpanies in 1980. It was
I nteresting that the arc--the sanme arc--is still in the same

equi pnrent that was installed in 1940.

GREEN: Were they running the arc?

MORRI'S:  Yes, they were running the arc.

GREEN. I n 19807

ASBURY: Wiere was that?

MORRI'S: |In Hils. Vintage 1940 equi pnent. A great deal of
equi pnrent that you wouldn't expect in a nodern plant, and the

equi pnment was nassive, no mniaturization. | noticed the
t renmendous noi se, a great knocking noise.

GREEN: From the conpressors?

MORRIS: | couldn't pin it down, but a noise in the arc house
I tself.
GREEN: | guess there was a | ot of noise.

MORRI'S: O course, you've got to renmenber that there were about
twel ve goi ng at once.

GREEN: Yes.
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MORRIS: One was altered so it could be opened to show the arc
I nsi de.

Now, perhaps you'll let nme ask a general question about your
i npressions of the |1 G Farben | aboratory at Ludw gshafen.

GREEN: A fascinating place to go to. The way they worked there
was different fromus. They would have little teans on a
project. Baumann had four engineers working under him maybe he
had nore, but all working on the arc process. And Beller and his
crew were working on the oxidation of paraffin wax. They also
had groups working in conpetition with each another, with the
sanme general objective but working out different process routes.

MORRI'S: It has been clainmed that there was a deliberate policy
of conpetition between | aboratories—at any one tine two
| aboratories m ght be working on conpetitive processes. | think

that a ot of the conpetition was sinply because Ludw gshafen
woul d report sone work on synthetic rubber, and then Leverkusen
woul d point out that they had been doing sonmething simlar for
ten years and that they were not going to give it up. So both
woul d agree to carry on with it. A lot of this conpetition was
really an attenpt to nollify established interests in each of the
| aboratories, rather than sonme great master plan.

GREEN. Yes, | guess so, but | was thinking that, at Oppau, there
was conpetition even within the | aboratory. The peopl e working

I n these groups knew about it and it didn't bother them They
were friends.

MORRI'S:  Could you give a specific exanple? It's very
i nteresting.

GREEN: Well, acetaldehyde. | wish | had kept the files on that
but |I don't have them any |onger. They were working on zinc
chloride as a catalyst to convert acetylene to acetal dehyde.
Acetyl ene and water and zinc chloride. That was supposed to
conpete with the solid catal yst.

MORRI'S:  Right.

ASBURY: Ch, | can give you an exanple in Qppau. Dr. [Martin]

Mil I er-Cunradi had a little group working for himand they cane
up with the polynerization of isobutylene to polyisobutylene. On
one of his visits, M. Howard was shown a sanple of it. But it
was a separate little group working on this thing. One of the
reasons they did this, you know, was that the chem sts were very
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anxious to get patents in their own nane. There was a
conpetition for patent recognition which was very inportant in I G
Far ben.

MORRI S: That wasn't the case at Esso?

GREEN: Well, we had people who were conpeting to get patents but
it was a little different there because they got renuneration for
their achievenent. They got sone kind of share in the proceeds
of the patent.

MORRI'S: Two different points which I'd like to deal with
briefly. The first concerns the patenting of isobutyl ene,
because | read in Howard' s book (3), that Miller-Cunradi and his
group achieved that in the spring of 1932, or it m ght have been
even earlier. Wen did they first polynerize isobutyl ene?

ASBURY: It nust have been earlier than 1932, because | think we
devel oped the process in a pilot plant here at Linden.

MORRI'S:  The earliest patent | could find in Chem cal Abstracts
was dated 1933 (6).

GREEN. Well, it takes tinme to get a patent issued, you know.

MORRI'S:  About Martin Miller-Cunradi, did you know himwell?

ASBURY: | knew himquite well.

MORRIS: He's a bit of a nmystery character, because..

ASBURY: | took himto Baytown, Texas once. [To Green] You
weren't there

GREEN: No, no, | wasn't there.

ASBURY: It was very interesting. He was a very nice guy.

MORRI S: What ki nd of person was he? What was his position in
the 1G for exanple?
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ASBURY: It's really hard to tell. He had an el evated position,
but I couldn't exactly tell what it was.

MORRI'S: That's one of the strange things about him He was
inportant in the devel opnent of synthetic rubber in I G Farben--
per haps nore el evated than inportant. Perhaps he was the group
| eader rather than the inventor on sone of his patents, but in
the German histories he is noticeably downgraded.

ASBURY: Well, he was not really the inventor of polyisobutyl ene,
but it seened to me that he nust have been pretty inportant. He
made a special trip dowmn to Baytown, Texas. | took hi mdown
there, and the chief engineer of Hunble, Ernie Voss, and | took
care of him Ernie showed himall over the Hunble plant, showed
himeverything. W didn't go for any special reason, as far as |
could see. Just a general idea of the way things were done in
the oil industry.

MORRI'S: He died in 1945.

GREEN:  Oh, he did?

MORRI'S: | have never been able to find out how G ven the date
| wondered whether it could have been suicide. Hi s reputation is
definitely downgraded. | wanted to find out nore about this
person when | went to Germany. | talked to sone peopl e,

I ncl udi ng sone who m ght have been associated with him \When |
mentioned himto people of his generation, they all said that he
wasn't terribly inportant. "Let's nove on to sonething else.”
[laughter] | really wanted to know nore about hi m because in
1933 and 1934 he was the connection, the avenue of comunication
if you like, between the conpany and the governnent regarding
synt hetic rubber

GREEN:  Onh, was he?

MORRI'S: He was the one who wote the letters. Now, that seens
curious for soneone who was in charge of an anmmonia | aboratory.
Certainly he had a lot to do with synthetic rubber, but even

within the I G Farben framework, he seens far from being the
obvi ous person.

GREEN: Where was he | ocat ed?
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MORRI S: Oppau.

GREEN:. But synthetic rubber was a Leverkusen project.

ASBURY: Dr. [Oto] Anbros was quite inportant on synthetic
rubber. He was with us when I was at Ludw gshafen

MORRI'S: Anbros is soneone | want to ask about in a nmoment.
course, he wasn't that inportant yet--until a little later.

ASBURY: He was quite an inportant man. | could tell that. |
went out with himsocially with a group of people. | was |iving
in Germany in 1931 and 1932, and it was during that period.

MORRI'S: | heard this story about himin Germany. He was the

youngest director of |G Farben when the war ended in 1945, and
that he owed his rise to power to the fact that he married the
daughter of the factory chief of Ludw gshafen.

GREEN. Yes. Now, the reason we brought up Miller-Cunradi and
pol yi sobutyl ene was that really helped us to inspire our people
to make butyl rubber.

MORRI'S:  The Gernmans made a great m stake of never introducing a
di ene [as a conononer]. Wiy do you think they failed to do
t hat ?

GREEN: Because they were only interested in GR-S.

MORRI S: | see.

GREEN: They weren't interested in butyl rubber even when it cane
al ong.

ASBURY: In 1938, [Fritz] Ter Meer cane over from Leverkusen. He
was their big synthetic rubber man. He cane over and | think
Russell talked to him | was in the neeting, and butyl rubber
was mentioned, but he didn't have any interest in BR at all.

MORRI'S: Were the Germans offered butyl, were they offered the
f or mul a?
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GREEN. Well, you read M. Howard's book. He tal ks about it.
What does he say? | thought he offered it in one of the
meet i ngs.

MORRI'S: Certainly, the Germans never used it. However, it is
one of the allegations nmade agai nst Standard for hel ping the
Germans. But the only thing they used pol ybutyl ene for was, as
you say in your nenoirs, an additive |like polyethylene. They
used it, but only to a very small extent as a non-diene
addi ti ve.

As you know, they had an interesting polynerization process
where they mxed it with liquid ethylene so that the ethylene
evapor ati on brought the reaction down to the required tenperature
as it flowed on to a plate.

GREEN: They mixed it with ethane (7).

MORRIS: Oh, was it? There was a scraper noving along the plate,
renovi ng the pol yner.

GREEN: A pecul i ar apparat us.

MORRI'S:  They only nmade a small anopunt, about one thousand tons
per annum

ASBURY: One theory is that M. Howard offered them butyl rubber
totry to get themto nove on Buna rubber.

MORRI'S: That is a point we mght conme back to. | have a good

i dea of what the I1G research effort was like but 1'd like to know
about the attitudes of the laboratory scientists. Wre they like
academ c researchers but working in an industrial |ocation, or
wer e t hey hard-headed about commercial success? |'mtalking
about the people at the bench.

GREEN. They were very interested in making a success of their
wor k. When | went over there for several nonths in 1933, Hitler
had been in power for a year and the chem sts | was in contact
with were anti-Hitler. They were pretty frank about it to me.

MORRI S:  What about the people that we are speaking of --
relatively | owlevel people? Paul Baumann woul d be a case in
point. Can you nanme anyone el se on that |evel working on
synthetic rubber, who had an anti-Nazi attitude?
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GREEN: Hans Bell er. He was involved in the oxidation route.

MORRI S:  What about the attitudes of the higher-ups? Senior
peopl e, people |Iike Anbros.

GREEN: Who was the head of the | aboratory there?

ASBURY: Dr. Mathias Pier was the head of the hydrogenation

| aboratory where I was. He was their top expert on hydrogenation
of coal and oil. | got the feeling fromdiscussions with him
that he didn't care for the Nazis. But sone of his assistants
like Dr. [Fritz] Ringer, turned out to be very full Nazis.

[END OF TAPE, SIDE 2]

MORRI'S: [to Asbury] You were actually working in Germany for a
whi | e?
ASBURY: | was the contact man with |G Farben in Ludw gshafen

when we were getting the hydrogenation information, passing it
back to Exxon

MORRI'S:  What period were you in Germany?

ASBURY: 1931 to 1933.

[ BREAK | N | NTERVI EW

ASBURY: W got into the Perbunan process. Butadiene-
acrylonitrile oil-resistant rubber which was conpetitive with
Neoprene. W started up the Baton Rouge plant in 1941.

MORRI'S:  What did people outside the conpany think Arerica was

going to do if it was cut off from supplies of natural rubber?
Was t he governnment going to depend on stockpiles al one?

GREEN: The Anerican people couldn't have cared |ess.

ASBURY: And the governnent didn't care either.
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MORRI'S: It was a question that no thought was given to at all?

ASBURY: Frank Howard woul d go down to Washington tine and tine
again, and talk to them [about the problen], but it didn't do any
good.

MORRI'S: Was this |ack of governnental interest because Standard
had a vested interest in getting into synthetic rubber?

GREEN: Coul d have been.

MORRI'S: | suppose it would not have been practicable for
Standard to have started up a really big programquite
i ndependent | y.

GREEN:  Well, we couldn't get into manufacturing and expect to
sell it, because it would have a nmuch hi gher price than natural
rubber. Like the problemw th synthetic gasoline.

MORRI'S:  You coul d have argued that the country was very likely
to be cut off and would run out of natural rubber.

GREEN: No, we couldn't tell whether it would be cut off. W
couldn't be sure then. W weren't interested in getting into the
general rubber business. Perbunan was different; that was a
speci al product sold at a prem um price.

MORRI'S:  How did you deal with the rubber conpanies to avoid
potential conflict?

GREEN: Well they put up their own Buna N plants--Goodri ch,
Firestone, and, after a year, Goodyear.

MORRI'S:  What about Ameripol [originally, an acrylonitrile/
but adi ene copol yner] ?

GREEN: Goodri ch
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MORRI'S: Did Standard regard it as an infringenent of their
patent rights? Whs Goodrich being deliberately provocati ve,

trying to make capital out of a critical situation by producing
it?

GREEN: | wouldn't be surprised.

MORRI'S:  The rubber conpani es thought that Standard was bei ng
unnecessarily uncooperative, in not giving themlicenses for
synthetic rubber. What did Standard think? Did Standard really
have the technol ogy to give thenf

ASBURY: W didn't have it conplete, but we devel oped our own
process for making GR-S. Byron Vanderbilt devel oped a process in
Novenber 1939. He got a lot of help by reading the |G patent
application for Perbunan. By the following May we had a pil ot

pl ant running at Baton Rouge. W designed a pilot plant while he
was doing his lab work. A year later we had a commercial plant
runni ng at Baton Rouge, although its output was only five or ten
tons a day.

MORRI'S: It was better than nothing.

GREEN: But a couple of these other rubber conpanies were al so
active. They m ght have been a little bit behind us, |I'm not
sure.

ASBURY: You realize that later, under the auspices of the rubber
programin Washi ngton, there was a technical comrttee set up to
exchange information on synthetic rubber.

MORRI'S:  The so-cal |l ed Exchange Agreenent.

ASBURY: Vanderbilt disclosed our |aboratory results to them and
I think our formula [for GR-S] was adopt ed.

MORRI'S:  You have nade explicit an interesting point. Standard
was devel opi ng both Perbunan and GR-S i ndependently, w thout any
input fromlG Standard had the patent, but not practical hands-
on information. |Is this correct? That Standard was getting
nothing fromthe Germans in 1937 and 19387
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ASBURY: Dr. Beller did help Vanderbilt read the patent
application before the patent was issued. So he got an advanced
| ook at what was going into the U S. Patent Ofice. Fromthere
he got the key ingredient, nodifying the GR-S reaction by the
addition of nercaptan. You should talk to him

MORRI'S:  That's one person |I'm hoping to interview

GREEN:  You shoul d, he just had a 50th weddi ng anni versary.

ASBURY: | just got a card fromhimthe other day.

MORRI'S:  You were working on butyl rubber in Baton Rouge, and
just got the whole thing going when the managenent told you that
you' d have to double it up.

GREEN: We got the plant to work pretty well at Baton Rouge,
under the conditions for which it was designed. Suddenly our
managenent told the governnment that we could triple plant
capacity. [To Asbury] Wre you in on that?

ASBURY:  No.

GREEN:  Good t hi ng.

MORRI'S:  That obviously cane as a great shock to you

GREEN: | think Howard and Murphree were down in Washi ngton and
made t hat suggestion based on sonething they had seen down in the
| ab a day or two before.

MORRI'S: | suppose the conmpany felt under pressure to come up
wi t h sonet hi ng good.

GREEN. No, that wasn't the reason. The reason they nmade the
proposal was because of the shortage of strategic [stainless--

| ater 3% nickel] steel. Alloy steel, chrom um and nickel all oy,
whi ch we needed for the |low tenperature [polynerizer]. It was a
problemto get, and if we got sone, sonebody el se wouldn't.
Howar d t hought he woul d be patriotic and nade this proposal.
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MORRI S: How does that fit in with the steel ?

GREEN. Well, we could cancel one or two of the plants, not build
themat all.
MORRIS: COh, | see. The proposal was not so nuch to expand

production per se, but to produce nore with the same pl ant.

GREEN. Fewer units. W were tal king about closing another big
pl ant at Baton Rouge, as big as the Baytown plant. That was
three tinmes as big as the little plants. So that was cancel ed
right away.

MORRI'S: How did this break in conmunication cone about? D d
they just feel on the spur of the noment that it was sonething
t hey could do?

GREEN: | don't know. | wasn't in on the discussion, you see.
[l aught er]

MORRIS: Did that create great problens? |Is that part of the
reason why Baton Rouge never worked fully?

GREEN: That was part of the reason, because as soon as that

deci sion was nmade we had to try to run the reactors at three
times the rate they were designed to run, so that they plugged up
much faster, and we didn't have spare reactors to substitute
whil e they were being cl eaned out.

MORRI'S:  Presunmably that was not a problemat Sarnia, for
exanpl e.

GREEN: They didn't try to get this high production when they
started out and everything there went fine (8).

MORRI'S:  Probably you coul d have gone to a spontaneous over -
capacity, if you had not been forced to.
GREEN: Well, that's what happened at Sarnia. As the years went

by the plant made nore and nore al though they still had the very
same equi pment that we had in the first unit at Baton Rouge.
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MORRI'S: Well, you got bogged down with problens. There were
conflicts, as you said in your nmenoirs. There was a conflict
between the Standard G| Devel opnment Conpany, for which you
wor ked, and the Baton Rouge regulars who were nore or |ess
runni ng the show t hensel ves.

GREEN: They put a different crew in Baton Rouge.

ASBURY:  Yes.

MORRI'S:  And you found that the people at Baton Rouge had nore or
| ess taken over control of it thensel ves.

GREEN: When | went down there the plant manager told nme, "This
is your project. You tell themwhat to do". |In the neantine,

t he governnment plant was set aside as a separate organi zation, so
the cost could be kept separate. The people running it were kept
separate. The plant manager didn't know anythi ng about

chem cals; he couldn't care |l ess. Perhaps | shouldn't say that
but, anyway, that's the fact.

So they didn't do what | wanted themto do. But the main
trouble was to try to get three times the capacity out of
sonmet hing that wasn't designed for it. The |local |aboratory
peopl e made suggestions--you add this, change this and all that.
Every tine this was done the plant had to shut down to make the
change. Then the operators of the plant had to switch around to
ot her units, so that nobody got |ess noney than he was suppose to
get. They got new jobs, and the ones that cane back to the pl ant
when it was started up again needed to be retrained. That
happened about three tinmes. That's why Baton Rouge was so sl ow
in comng up to production.

MORRI'S: | understand your problem That woul d be a problem on
ot her pol ymer plants.

GREEN: On the butyl plants?

MORRI'S:  Well, other butyl plants and GR-S pl ants.

GREEN: Changes weren't nade in those plants the way they were in
this plant.

MORRI'S:  WAs uni oni sm stronger at Baton Rouge than in other parts
of Exxon?
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GREEN: | wouldn't say that, not at the tine.

ASBURY: You have to realize that the Baton Rouge refinery had a
| ot of new projects comng in, new catalytic cracking units, new
rubber units, everything popping up, and as soon as a new unit
came in they had to start shifting worknmen around. It was a
question of seniority; the senior people would get a shot at the
new plant. That caused frequent disruptions in our |abor force
at the butyl rubber plant. New people had to cone in and be
trained. It's a process that had to be run carefully.

MORRIS: Wat is the difference between a tubul ar reactor and an
annul ar reactor?

GREEN: A tubular reactor, if I can renenber [ G een sketches a
diagran], had a ot of tubes in it and there was a punp here, so
the material would be punped up, cone back through the tubes, and
go up again. An annular reactor was nmade |onger to get nore
surface area. It still had the punp, but instead of the tubes

t here was annul ar circul ation.

MORRIS: | see. The water goes around the wall.

GREEN: Not water, the methyl chloride solution of the rubber.

MORRI'S:  The description of the reactors refers to the
arrangenent of the water pipes.

GREEN: There's no water in them they are fluid pipes.

MORRI'S: Now | see what you nean

You al so nenti oned how Paul Flory had hel ped you out with
the butyl work but you also said he didn't work very long on this
wartime project.

GREEN: He was very helpful. | was interested in the theory of
pol yneri zation. The butyl reaction is instantaneous. | wanted
to get sone idea of the effect of concentration of the reactants,
tenperature, and that sort of thing, on the nolecul ar wei ght of

t he polynmer, unsaturation in the product and so on.
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MORRI'S: Mol ecul ar wei ght distribution?

GREEN. | talked to Paul as he was the expert in the field, and
he gave ne sone ideas on how to get data and how to correl ate the
data. | got Dr. Joe Nelson to make | aboratory tests at snal

conversions so that the reactant concentration didn't change
much. On the basis of his data, Ed Marshall and |I worked up the
correl ati ons which were used to run the big plants.

MORRI'S: | see.

GREEN: | don't know what they've done since then, but | know
those correlations were used for years. That is what Paul did.
Paul worked under Per Frohlich. In the Esso system usually

peopl e worked on what they were told but Paul Flory had his ideas
about what he wanted to work on, and | don't think his ideas
al ways mat ched what his bosses thought.

MORRI'S: | think when he went to Goodyear he had a prom se that
he coul d spend tinme on his own problens. Wat other work did he
do at Esso? Do you know anythi ng about the work he did?

GREEN: | don't. He worked in the lab but |'m not sure what el se
he did.

MORRI'S: Did he strike you as being soneone who'd win a Nobe
Prize?

GREEN: He was a very bright guy, yes. | liked himvery nuch. |
was very inpressed. But | didn't think of the Nobel Prize, at
that stage. That was forty-five years ago!

MORRI'S:  He was born in 1910, so that would make himthirty-
three. By that tinme he'd already published several absolutely
i nportant papers.

GREEN. W used to get together to play bridge.

MORRI'S: | suppose you didn't have a lot to do with the
| aboratory, only calling on them when you needed help with a
chem cal probl em
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ASBURY: No, | didn't have anything to do with it. | never got
in contact wwth them

MORRI'S:  What were you doing in this period, say, 1942 and 1943?

ASBURY: | cane back from England after the war really got under
way and then I got involved, working at Linden, with a |ot of
coordi nation projects connected with synthetic rubber, aviation
gasoline and things |like that. | was working as an assistant to
M. Mirphree. One of ny problens was to contact the authorities
i n Washi ngt on, such as Rubber Reserve, and every Saturday norning
| would get on the phone and talk to the people in Rubber Reserve
about what was happening on the rubber plants. | acted as a
l'iaison with Washington. | was following the research work on a
| ot of the projects making aviation gasoline and synthetic
rubber. | was sort of in an adm nistrative position. Sonetines
I"d go to Baton Rouge, and spend tine in the butyl rubber plant
too. | had sone pretty hard nights there too. | was essentially
an assistant to M. Miurphree during that time. 1In 19451 went to
Europe with the U S. Strategic Bonbing Survey, and we visited a
lot of the plants. | was in the oil and rubber section. W
operated out of London, and whenever the opportunity arose we
flewinto Germany and | ooked at the plants that had been

| i berated by the army, to see what we could find out about the
result of the bonbing. W put out the bonbing survey report in
1945 about what had happened in Europe.

MORRI'S:  What particular plants did you visit?

ASBURY: | went back to Ludw gshafen, and I went to Leuna, just
bef ore the Russians cane in.

MORRIS: O course, it had been liberated by the Americans.

ASBURY: The Anmericans had already liberated it when | got there.

MORRI'S:  They al so |iberated Schkopau.

ASBURY: | was in Schkopau. Qur teamvisited Chem sche Werke Hil s
and plants like that. The Germans had kept very careful records
of the bonmbing of their plants day by day, and what had happened
to production.

MORRI'S:  That was very convenient from your standpoint.
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ASBURY: They called the bonmbing that had ended up outside of the

pl ant "agricul tural bonbing." They recorded the sizes of the
bonb fuses, and we passed that information back to Washi ngton--
that the | arger bonbs seened to be nore efficient. | wasn't

there all the tinme. Wen the war ended | was in Hanover.

MORRI'S:  What kind of an experience was it to go back to
Ludw gshafen or Leuna, which you had seen back in 1933?

ASBURY: Pretty bad. Pretty bad. W saw sone of our friends; |
talked to [Heinrich] Buetefisch in Leuna, and he told ne how
serious the bonmbing had been in Leuna. | went to Leuna to get

i nformation on the [ German-nmade] synthetic nitrogen plants that
were in Japan. The plan was to use that information in any
possi bl e bonbi ng of Japan before we invaded. Before | left the
man who had got ne this information said, "Now | have to ask you
a question. What do | do tonorrow? The Russians are com ng here
tomorrow. | can stay here and work for the Russians or | can go
with the Americans. They'll take us out of here tonorrow night,
and they'lIl load us in a bus or a truck, with one bag each, and
they' Il take us to the American sector. What should we do?" |
don't know what he did; | never heard from hi msince.

MORRI'S:  You weren't able to take anyone with you?

ASBURY: No. It was a terrible feeling to realize that the
Americans had liberated this region and the damm Russi ans were
comng in the next day.

MRRIS: |I'mwiting a paper at the nonment about the German use
of synthetic rubber before and after World War 11. | wonder

whet her it woul d have shortened the war if the Allies had started
early enough to knock out the synthetic rubber plants? Whether
knocki ng both of them out would have nade things very difficult
for the Germans?

ASBURY: Both oil and rubber you nean?

MORRI'S: Both oil and Buna. |If they'd knocked them out, say in
1942, would it have made a radical difference to the war, do you
t hi nk?

ASBURY: At that point | don't think so. The Allies were bonbing
the hell out of those plants. Bob Carrier and | went down to
Washi ngton to | ook at the bonbing pictures to see what had
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happened to the plants after they'd been bonbed. If you saw a
| ot of steam com ng out you knew that they had got a unit back.

MORRI'S:  You don't think sustai ned bonmbi ng woul d have nade any
di fference?

ASBURY: | think we did a lot of bombing. | think we did about
as much bonbing as we could with our avail abl e resources.

MORRI S: Hul s was knocked out for six nmonths in 1943.

ASBURY: But we found from our photographs that the Germans were
rebuil ding themfast. They had an organi zati on under [Al bert]
Speer for rebuilding. The first thing you know you see steam
com ng out of sone unit, and you knew they were back in
operation. Mre sustained bonbi ng woul d have been fine, but |
don't know if the Allies could have nustered the personnel to do
it.

[END OF TAPE, SIDE 4]

MORRI S: The bonmbi ng of Hils was probably as great as it could
have been. There was no sustained attenpt to bonmb Schkopau until
about 1944. | suppose that was due to the distance involved.

ASBURY: O course they were bonbing Leuna fairly regularly.

MORRI'S: But only after July 1944.

ASBURY: July 19447

MORRI S: That's when Carl Spaatz took charge. They first bonbed
Leuna on 5 July 1944, and Al bert Speer wwote in his diary the
next day, "Now the Americans are doing it right. The Anmericans
shoul d have been doing this since 1942."

ASBURY: W were urging the air force through our contacts to
bonb these plants and we were telling themwhere the plants were
and what they were making. W knew all of that before the war,
and the British were doing the same thing. The man who wor ked
for me in London was doing the sanme thing, trying to pick the
right target for them You know there were a | ot of bonbs that
didn't hit the target.
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MORRI'S: | know that was a problem

ASBURY: A lot of the bonbs hit the farm and around, and didn't
make the target.

MORRI' S:  Even so, Hils was out for six nonths, which was probably
the largest single blowto the synthetic rubber project. That
was the only tine the synthetic rubber project was nentioned to
Hitler during the war. He told themthat it had conpletely | ost
production, and that sonething would have to be done about it.
You didn't work on the FIAT reports, you only worked on the
bombi ng survey, never in the intelligence field?

ASBURY: No, | just worked on the bonbing survey.

MORRI'S:  Were you ever involved in the intelligence work at all?

GREEN:  No.

MORRI'S: Let's nove on a bit. Could we get hold of a copy of
Rubber from G|, the filmthat was nmade about the butyl project
(9)? The Center would be quite interested in seeing the film

GREEN. | don't know where it is.

MORRI'S: | suspect Paul Smith m ght know where it is.

GREEN: Paul Smith. You know Paul ?

MORRIS: | gather he is our ultimte paymaster; we are run by ACS

and he is chairnman of the board of directors.

GREEN:  You could ask him he could probably hunt it up. It was
a lousy film but anyway.

MORRI'S:  What do you think of the actor who played you?

GREEN:  Not nuch. [l aughter]
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MORRI'S:  What was wong with it?

GREEN. | didn't think he Iooked like nme. | wasn't a very

I nportant character in the film not as inportant as | thought
shoul d be. [laughter] | was the guy who suffered through the
Bat on Rouge agony. These other guys didn't.

MORRI'S: I n your menmpirs you nmentioned several tines the question
of nmorale. That it is very difficult to get chemi sts or chem cal
engi neers to work on sonmething full blast for three or four
years, then have the conpany turn around and tell you it was a
very bright idea, but we've now decided that we are not going to
use it. O to work on a project for three or four years, the arc
process for exanple, which was not really practical. D d you
find that norale was a big problenf?

GREEN: | wouldn't say it was a big problem but as the years
went by, we got pretty tired. W got to the point where we had
to work nine hours a day, six days a week, and that gets very
tiresome. We didn't think we were treated right in Baton Rouge.
We didn't think the top peopl e understood.

MORRI'S:  Standard wasn't a chem cal conpany. D d that have
anything to do with their [ack of understanding?

GREEN. At Bat on Rouge?

MORRI'S:  Because it wasn't a chem cal conpany, did they
under st and your problens | ess well than, say, the chairman of Du
Pont m ght have understood thenf

GREEN: Well Jay [M J.] Rathbone understood it. He becane
president of New Jersey later on. He was synpathetic.

MORRI S:  Readi ng about research, and the problens of directing
research, | think little attention is given to the inevitable
problens that nust arise with norale.

GREEN: | think there was a norale problemin the chem ca
di vi sion, where the chem sts would work on things that | ooked
prom sing to them but the conpany woul dn't follow up.

MORRIS: Was it difficult to keep key workers?

31



GREEN. O course, there is no use in spending a | ot of noney on
sone project unless the commercial people were interested. W
had a nunber of projects where they said they were not

i nt er est ed.

MORRI'S:  Wth hindsight, do you think their judgnment was sound?

GREEN: One was synthetic detergent.

MORRI'S:  That was eventually licensed, wasn't it?

GREEN: | don't think there were any licenses involved. Chevron
got ahead of us on that because our comercial people were not
i nterested.

MORRI'S: On that very sane |ine, what about Parapol-S [an
i sobutyl ene/ styrene copolyner]? You wote that you felt that the
failure there was probably in marketing.

GREEN: The people who got interested in this were the Swedes.
They found out how to use it to coat cardboard, to make these
triangul ar packages [ Tetrapaks].

MORRI'S:  What do you do with thenf

GREEN:  You put liquids in them

MORRI'S: | see.

GREEN: That wasn't a very big outlet.

MORRI'S: Marketing is an interesting point. Several studies of
i nnovati on have indicated that really successful conpanies are

those that get high marks for both research and marketing. I1G
Farben, Du Pont, I1BM for exanple.

GREEN: W& were weak on that.
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MORRI'S:  You were weak on marketing. That's interesting.

Anot her thing about that period. In your nenoirs, you hint
at the fallout fromthe wartime recrimnations about the Esso-1G
agreenent, and in that background there was the war crines trial
of 1G Farben in Nurenburg. Wasn't that a difficult tinme for the
peopl e who had worked with | G Farben before the war?

GREEN: | never heard anyone in the conpany ever regret working
for the IG
ASBURY: | was upset with all the bad publicity we were getting

in the newspapers, and various commttees attacking us (10).

GREEN: That isn't quite the question he asked.

MORRIS: It's a mxture of both. Wether the public barrage made
anyone in the conpany regret doing it.

GREEN: Well we were nmad, we were just nmad. At the attorney
general, at Thurman Arnold, the whole crew, Truman, and [ Honer
T.] Bone's conmmttee.

ASBURY: W had to go to those conmmttee neetings, wasting our
ti me when we should have been working on the war. | had to
testify at one of these commttees.

MORRI'S: Was that a tiring experience?

ASBURY: Yes, a very exasperating experience.

MORRI'S: | believe Du Pont had simlar feelings before the war.

ASBURY: We felt that we were being tried without a jury.

MORRI'S:  There are four accusations that one conmonly cones
across about Standard and |G The accusations are |like this:

that Standard O | hindered the devel opnment of synthetic rubber in
America on an order from |G Farben.

GREEN. That was a bald-faced lie. | think the guys that said
that, knew it.
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MORRI'S:  As you expl ained, Standard wasn't in a position to do so
because they weren't being given the necessary devel opnent
I nformati on.

GREEN: They couldn't get it.

MORRI'S:  The second one: the accusation that Standard G| gave
butyl to I G Farben. Even though |G Farben never nade any use of
any information given.

ASBURY: W offered to give it, but | don't think they ever got
t he process.

GREEN: Never got it.

MORRI'S: The third one is about synthetic oil: that Esso hel ped
to devel op synthetic oil processes in Gernmany.

ASBURY: You are thinking about the Fischer-Tropsch process?

MORRI'S:  Well, general technical advice, so to speak.

ASBURY: W gave general technical advice to I G

MORRI'S: On the other hand, you probably got nore information
fromthem

ASBURY: We felt that we were getting a lot. W gave them enough
to get what we wanted. W l|learned a |ot about catalysts. Their
detail s about catal ysts were the nost inportant new things we

| earned in the oil business. It saved us a |lot of tine.

MORRI'S:  One accusation that | know nothing at all about is that
Howard personally, rather than the conpany, arranged for IGto
get a large shipnent of TEL [tetraethyl lead]. Germany was very
short of tetraethyl lead in 1939, and Howard used his influence
with the Ethyl Corporation to get tetraethyl |ead for Gernmany.
That's an accusation | never found the answer to.



You raised an interesting point that after the war, you were
i nproving butyl all the tine while, at the sane tinme, the GR-S
peopl e were inproving their product all the tine.

GREEN: We tried to get butyl into tires. W worked pretty hard
at that.

MORRI'S: Trying to hit a noving target--conpeting with a product
that was inproving all the tine. You say [in Geen's nenoirs],
very perceptively, that it was a hopel ess struggl e because you
were tal king about a captive market. A rubber manufacturer
maki ng GR-S wasn't going to turn around and say that butyl is
better.

GREEN: But it was possible that butyl m ght nmake better tires.

MORRI'S: It would have to be very nmuch better

GREEN: Yes, it really woul d.

MORRI'S: At one tine butyl had a very high cost advantage over
GRS

GREEN: On paper.

MORRI'S:  But they have narrowed it down a bit.

GREEN: | understand that butyl is doing pretty well for the
conpany.

ASBURY: Making a | ot of bronmobutyl.

MORRI S: Let's specul ate about GR-S. Suppose synthetics
continued to be devel oped at the prewar pace, w thout the
forcible wartinme intervention. Do you think then that butyl
m ght have been preferred to GR-S?

GREEN: | don't really think so.

MORRI'S: You think that GR-S woul d have won out?
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GREEN: | don't think Jersey wanted to get into the rubber
busi ness, making tires and all that sort of thing.

MORRI'S:  You both visited Germany in the fifties, 1953 and 1955,
and you both had visited Germany in the thirties. Wat did you
find to be the great contrasts both in Germany and the Gernan
chem cal industry, in those twenty years? O course, the Nazis
were no longer there but, in nore subtle ways, did you see many
di ff erences?

GREEN: | didn't see any Coca Cola signs in 1933.

MORRI S:  What about industry?

GREEN. Well, when | was there, and Bill too, it was in the
Depression. It was hard to get good food; you'd go into a
restaurant and you' d get rabbit. | had trouble finding good
meal s i n Mannhei m

ASBURY: Before the war there was a really bad depression.

MORRIS: You revisited before the Gernan economc mracle in the
md-fifties.

ASBURY: They were doing all right.

GREEN: They were doing very well.

ASBURY: | was back in the Ruhr in 1955 with Esso, in Dissel dorf
and places like that. They were doing pretty well.

GREEN: That's right.

MORRI'S:  What about industry? M inpression is that one of the
great changes in Wst Germany after the war is the way in which
the chem cal industry conpletely changed direction from being
very much based on coal, directly or indirectly. The chem cal

i ndustry was pl eased about a petrol eum duty being inposed in
1928, and yet in 1953 they actually asked the governnment to
remove it. That was a difference.
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GREEN: But in this country, back in the 1930s our industry was
based on coal. Ammonia was made fromcoal, not from natura
gas.

MORRI'S: That's true, but on the other hand, America was the

great petrochem cal producer before the war. It nmay not have
been very extensive, but it was enornous conpared to either
Britain or Germany. | think that by 1943 they were produci ng as

much ethylene in Amrerica as they were produci ng acetyl ene.

GREEN: Yes, | think there was quite a change in the | ate 1930s.

MORRI S:  Because of the work done by Union Carbide and Standard.
Anyone el se?

GREEN: Esso, Dow, | inagine.

MORRI S:  What about | ndi ana Standard?

GREEN: Well they weren't doing nmuch in chemcals then. Shell in
this country, of course.

MORRI'S: I n your nmenoirs you tal ked about the research strategy

in chemcals after the war, when Exxon went nuch nore definitely
into the chemcal field. What particular kind of chem cal were

t hey | ooking for?

GREEN: Well, there was always an argunent.

ASBURY: In 1955 we got a license from Professor [Karl] Ziegler

to make pol ypropyl ene and pol yethyl ene and a | ot of the research
efforts were devoted to those fields. W built a pilot plant at
Bat on Rouge to meke pol ypropyl ene and | guess Baytown built the

first big plant.

GREEN. There was a big shift into polyethyl ene and
pol ypr opyl ene.

MORRI'S: Up to that point Esso had been rather reluctant to go
i nto polyners?

GREEN: This was going into plastics. Maybe ten years |ater than
we shoul d have.
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MORRI S:  What did the other people want to do?

GREEN: W wanted to go into polyethylene. But our commercia
people said they would rather sell ethylene, rather than taking
the risk of trying to sell the pol yner.

MORRI'S:  And that wasn't so good?

GREEN: It was all right.

ASBURY: Then al ong cane Professor Ziegler and his process was
taken over by a lot of people, including Carbide in this country,
and this changed the outl ook on plastics. It really did, so a

| ot of our efforts were diverted into pol ypropyl ene.

MORRI'S: In fact, you were in charge of the negotiations with
Ziegler.

ASBURY: Yes, | was.

MORRI S:  What was your inpression of the setup over there? |
think you said that you were surprised at how nuch they managed
to do in such an ol d-fashi oned | aboratory.

ASBURY: | wasn't inpressed with the work so nuch as I was with
Zi egl er, who had been working twenty years on al um num conpounds.
Hi s basic research in Heidelberg had got himinto this field,
then his attorney got himthe patent rights, and that's when he
came through with other patents and other work. It was a big
devel opnent .

GREEN: 1'd like to get in a mnor point. Both Ziegler and
[Gulio] Natta had rather neager facilities conpared to the big
U.S. | aboratories, whereas these days the Europeans have

compl etely caught up

MORRI'S: | have an inpression that in the technical quality of
| aboratories the U S. was pulling away from Europeans.
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GREEN: More automated, too. Qur |aboratories are nore
automated. |'ve been in sone | aboratories in Russia and they
| ooked like ours thirty years ago.

MORRI'S: It nust have been a great rush when all Kkinds of

chem cal conpanies were trying to get into this field. Just to
mention a few, Phillips, Du Pont, Standard Indiana, and so on
Why did Standard of New Jersey decide to go into such a crowded
fiel d?

GREEN. It wasn't quite so crowded then.

ASBURY: It wasn't quite so crowded, no. | think that M.

Mur phree was really interested in it, and when he saw our friends
I n conbat, he got the inpression that we could get a license. So
then I went to work to try and get sonme licenses. |'mtalKking
about Ziegler right now O course, Carbide cane through with a
new i nvention on a greatly inproved | ow pressure pol yethyl ene
plant. It used to be a very high-pressure process but it is

| ower pressure now.

MORRI'S: What was it like to negotiate with Ziegler? | believe
he was fairly form dabl e.

ASBURY: He was difficult, but his patent |awer was even worse.
Ziegler was sort of, "Well, I'"'mthe big man here now. Everyone
is coming to ne for a license and why should | give it?" | made
a nunber of trips to see him | went to see his | awer, worked
with his lawer. | had sone help. | had a very good assistant
hel ping ne on this; he has since died.

GREEN: Who was that?

ASBURY: Pat Wi nwright.

MORRI'S:  You got nore or |ess what you wanted?

ASBURY: W even got nore than we wanted. W started out with
pol yet hyl ene, then before we got through, he sent me a cable in
New York that we could have a pol ypropylene license. O course
that just nmeant that we had to do a ot of work. W just had

| aboratory experinments, basic work fromthe | aboratory, and we
had to go and develop it.
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[ END OF TAPE, SIDE 5]

MORRI S:  Pol ypropylene is the next big story. It is the |ongest
patent battle in history.

GREEN: Ri ght.

MORRI'S: Whi ch has been going on for thirty years. Apparently it
has | ove affairs, nurder, and all sorts of other things involved.
| don't quite know how they conme into it. Apparently Attilio
Bisio thinks it so gripping that he would not only like to wite
it as a history but also make it into a novel.

ASBURY: Is he still working for Exxon?

MORRI'S:  Yes, he just published a book on scaling up (11).

ASBURY: Where does he work?

MORRIS: |I'mnot quite sure. | think he is sonme sort of research
coor di nat or

GREEN: | heard that Bisio had already published a book, when he
was i n Washi ngton

MORRI'S:  Hi s book about the synthetic rubber project is due to
come out soon (12).

GREEN: So this is sonmething new that he's doing.

MORRI'S:  He has been working on it for ten years, with soneone |
don't know at all, Vernon Herbert.

ASBURY: Vernon Herbert used to work for ne.

MORRI'S:  Well, Vernon Herbert's nanme has figured in all this, but
having nmet Bisio, | gathered that it's mainly his own idea.

GREEN. Well, neither of themwere involved in synthetic rubber,
as far as | know. Maybe Bisio, but Vernon Herbert wasn't.
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MORRI'S: But Bisio isn't old enough

GREEN:  Snmall world isn't it?

MORRI'S:  You nentioned at the very end of your nenoirs that you
were afraid that the lack of innovation in Exxon would be a
problemin years to conme. That was nearly ten years ago. To
what extent have your gl oony predictions conme true?

GREEN: | haven't seen any startling things come out of Exxon
research, have you Bill?

ASBURY: No, | haven't.

MORRI'S:  Could that be due to the general dearth of exciting
t hings com ng out of nmany chem cal conpani es these days?

GREEN. That could very well be.

MORRIS: | don't really think that Du Pont has cone up with
anything that's going to set the world on fire.

GREEN: | can't think of any newthing in recent years.

MRRIS: |I'mwiting a book called Polyner Pioneers, which is
going to deal with twelve people (13). [John Wesley] Hyatt for
celluloid, [Marcelin] Barthelot, the French chem st who said
sonmet hing early on about polynmers. Sanuel Pickles, whom you nay
never heard of, but who first suggested that rubber m ght be a
chain nolecule, rather than a ring. [Leo Hendrik] Baekel and, of

course, then [Vallace] Carothers and Carl Marvel. Then [Hermann]
St audi nger and [Herman] Mark, Flory and Werner Kuhn and, at the
end, Ziegler and Natta. |In conclusion, | was going to draw

attention to all the exciting things that are happening in

pol yner chem stry today but, actually it has rather fizzled out.
The nost exciting things of the last five years would be

i npossible to explain to anyone wi thout a good know edge of
chem stry.
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GREEN: | really only know what | read in the press. | get the
magazi nes. | haven't seen nuch that's new.

MORRI'S: Both of you have had a lot to do with innovation in the
chem cal industry. You lived through a period that saw all kinds
of new products, like the synthetic rubbers, |owdensity

pol yet hyl ene, and so forth. Do you feel that the nonmentum has
failed to be kept going?

GREEN: Well, | don't worry too nuch about it. | know that diff
Garvin has plenty of worries these days about the future of the
petrol eum busi ness, and for Exxon that's the main thing.

MORRI'S:  What are these fears? About where they are going to get
It from next?

ASBURY: Well, Exxon is buying back stock, buying its own stock.
They don't have new projects to spend the noney on the way they
used to.

MORRI'S: A lot of conpanies are buying stock, to prevent
t akeovers.

GREEN: They're just copyi ng Exxon, nost of them

ASBURY: The petrol eumend of the business is not expanding. In
fact it's contracting, and refineries are shutting down. W're
shutting down big refineries in Hanburg, and the one in South
America, Aruba. That is one of the biggest ones.

MORRI S: That's one of the ol dest ones too.

ASBURY: As a result, the oil conpanies generally don't have the
i ncentive to devel op new petrol eum processes.

MORRI'S: What is the flow of petroleumthese days? M inpression
is that the nunber of sources of petroleumare shrinking very
rapidly. There's a whole block of petroleum"out there" which is
entirely speculative. People think it mght be there but it
hasn't turned into a real, known petrol eum source.

GREEN: There's a lot of it in the Mddle East, but who's going
to control it twenty years from now?
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MORRI'S:  Even the Canadian fields are runni ng down.

GREEN: That's really the big problemof the petrol eumindustry.
Where are we going to get gasoline fromtwenty years from now?
What could we substitute?

MORRI'S:  You think the problemis going to hit within twenty
years?

GREEN: I don't know.

MORRI S:  About ten years ago everybody considered the year 2000
as Doonsday, but ny inpression is that it has been put off a few
years, partly due to fall in consunption

There are two things that we haven't covered. |Is there
anyt hing particular about the growh of petrol eum based chem cal s
bet ween 1930 to 1960 that has been overl ooked?

GREEN: | would think there would be a tendency to go to coal as
a raw material for chemcals, like it was in the twenties and
thirties.

MORRI'S:  Maybe in a hundred years' tine the petrol eumindustry
will be seen as some sort of bizarre interlude.

GREEN: | think it will be nuch sooner than that.

MORRI'S:  There's the old synfuels question. Wen we had an oi
crisis the governnent proposed to spend |ots of noney on
synt hetic fuel

ASBURY: Exxon's got a new process that they devel oped at Bayt own
for liquefying coal. It was run on a |arge denonstration plant
scale. It's shut down now as there's no reason to use it right
now, but it can be started up.

MORRI'S:  Since you were so heavily involved with hydrogenation in
1930, you nust have felt like it was a bit like old tinmes when
the fuel crisis started in 1974.
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GREEN: dd tines.

ASBURY: Here we are again.

GREEN: Déja vu. |If you renmenber the twenties, what was the
estimated |ife of the oil reserve? Seven years, sonething |ike
t hat ?

ASBURY: Then al ong canme the East Texas field in 1928, and then
Saudi Arabi a.

MORRI'S: The growth of petrochemi cals would seemrather odd, in
retrospect.

GREEN: I1t's going to be a rough field now they're nmaking these
petrochem cal s in Arabia.

MORRI'S: Back in the seventies the |ate Shah of Iran was fond of
saying that the oil producers would have to nake sure that the

chem cal industry got all the oil, not the fuel industry. But
wi th an unregul ated econony, as in Anerica and Western Europe,
that woul d be inpossible. | think that if petrol eum becane too

expensive for the fuel industry, the chem cal industry would al so
be likely to go back to coal.

GREEN: |1'mglad |I'mnot running Exxon.

MORRI'S:  You're both chem cal engi neers, and we touched upon the
fact that Gernmany didn't have many specifically trained chem ca
engineers in the 1930s. Wat do you see as being the relative
rol es of chem cal engineers versus chem sts in chem cal industry?
Do you envision a situation where chem sts are going to be nore
restricted in their potential enploynent in the chem cal

I ndustry?

GREEN:  You have to have both. | think the trend nowis in the
bi ol ogi cal field, which certainly takes chem sts and all kinds of
ot her professionals, but to make those things you have to have
engi neers t oo.

MORRI'S:  So you think there mght be a sort of growh.



GREEN: There may be a different kind of engineering.

MORRI S Bi oengi neers.

GREEN: That's snaller-scale stuff.

MORRI'S:  But how di fferent would the task of a bi oengi neer be
froma present-day chem cal engineer? | can't see that the task
of a bioengineer, for exanple, would be any greater than your
problemw th butyl.

GREEN: | don't know. | think there are real problens in that
field.

MORRI'S: One question | wanted to ask about butyl, and | forgot.
You said that the reaction was instantaneous and to get a
feasi bl e process, you had to carry it out at a very |ow
tenperature. It surprises ne in a way, that the research done on
the catal ysts could not have produced a slower reaction which
woul d have been nore controllable, run at roomtenperature, and
one that you could have handl ed better.

GREEN. Well, maybe so, if you could discover it.

MORRI S: Can you use the Ziegler catalyst to make
pol yi sobut yl ene?

ASBURY: Pol yi sobutyl ene, that's al um num chl ori de.

MORRI'S:  To be specific, there's stereochem stry involved. The
strategy was never attenpted during the war to try to produce a
nore anenabl e reaction

GREEN. Hi gher tenperature, you nean?

ASBURY: Al um num chl oride, didn't we?

GREEN: It would be an entirely different polyner. Everything
woul d be different. You could use boron fluoride. There are

ot her catalysts you could use, but alum num chloride would be the
sinplest. Takes so little you don't have to extract it fromthe
product .
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MORRI'S: | can see the advantage. |s there anything that you
feel we haven't touched upon?

GREEN: Do you think you've got what you wanted?

MORRIS: |I'mnot sure but I'Il find it very useful. [It's always
useful to talk to soneone who's worked on synthetic rubber
projects. [Turning to Asbury] It would be interesting to speak
wi th Vanderbilt.

GREEN: Vanderbilt was at Linden.

ASBURY: He was at Linden, too, Vanderbilt.

GREEN: The fundanental work on synthetic rubber was done at
Li nden.

MORRIS: | found it particularly useful talking to you about what
happened in |G Farben, because |I've never nmet anyone outside of
Germany, who had been in close contact with them

[ END OF TAPE, SIDE 6]
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10.

NOTES

A. Donald Green, An Engi neer Putting Chem stry to Wrk,
typescript, 1977. See BCHOC oral history file #0065.

The acetylene is converted to butadi ene through the al dol or
four-step process. This process was used in CGernany before
and during Wrld War 11. Acetylene is hydrated in the
presence of a nercury catalyst to acetal dehyde. The

al dehyde is treated with dilute potassi um hydroxide to
convert it into acetaldol. The latter is hydrogenated to

1, 3-butyl ene glycol and the glycol dehydrated to butadiene.

F. A Howard, Buna Rubber: The Birth of an Industry (New
York: Van Nostrand, 1947).

Wenever acetylene is heated (as it obviously is in the
arc process), it polynerizes to a great variety of
products, including benzene, and a conplex m xture of
hydr ocar bons whi ch Berthel ot (1862) called cuprene. "A
yel | ow- brown, solid polynerisation product made by heati ng
acetylene in presence of copper,” Hackh's Cheni cal
Dictionary, 3rd edition, conpletely revised and edited by
Julius Gant (Phil adel phia: The Bl aki st on Conpany, 1944).

The mai n by-products of the arc process are ethyl ene and
hydrogen. Al of the other by-products are insignificant
in

quantity. On the Hils arc process, see Ul mann's

Encycl opedia of Industrial Chem stry, Fifth, Conpletely
Revi sed Edition (Wi nheim Germany: VCH

Ver | agsgesel | schaft,

1985), volune A-1, pp. 116-120.

. G Farbenindustrie, "Polymerizing Isodlefins,” British
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