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INTRODUCTION

Undoubtedly one of the outstanding chemicel developments of WHorld
War II has been the rise of the synthetic rubber industry in the United
Stetes from practically a "test tube® state in 1939 to an industry with
the capacity to supply nearly 1,000,000 tons of vitally nesded rubber
each year., The growth of synthetie rubber has been accompanied, chron-
ologieally spesking, by important changes in two chemieal indusgtries,
both of which supply rew matsrials for the production of synthetic
rubber, The indusiries in question are the alcohol industry, which
now supplies butadiene sufficient for 330,000 tons of synthetlic rubber
yearly, and the petroleum indusiry which is scheduled to produce buta-
diene sufiieient for 600,000 tons of synthetiec rubbsr yearly.

In the past few years, the alcohol industry has undergons an expane
sion from a yearly ecapacity of 100,000,000 gallons to & yearly capseity
of 650,000,000 gallons, the increase being due only in part to the de-
mands placed upon the industry for alcohol as a source of butadiens for
rubber,. During the same periocd, the petroleum resources of the country
have been so soriously depleted by the inereased demand for avietion gas~
oline &nd butadiens that todsy plans are belnz formulated for the pro-
duction of gasoline from oil shele and from the hydrorenation of coal,

The above facts indicate that alcohol will find relatively greater use
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in the field of synthetie rubber, as the nation's oil reserves sink
lower and lower,

Howsver, the true importance of the reeent changes in the nlgohol
end petroleum industries is more fundamental than the previous para-
graphs have indicated, The developmeuts have served to demonstrute a
trend away from petroleum and toward farm crops as & source of organie
chemicals, As & mesns of conserving oil, an importent raw material which
is an irreplaceable natural resource, it is now very probable that farm
products will be utilized more and more as raw materials wherever pos-
sible, thus wvindicating the Jjudgment of many chemists who have long ad~
voosted this very thing,

The diversity of organic chemicals derived from petroleum is as~
tounding. There is little question that many, probably a majority, of
the compounds now obtained from petroleum as & raw material will contime
to be derived therefrom., However, there is every resson toc believe that
syntheses utilizing farm products as raw materials will receive favoradle
consideration now and in the future,

The purpose of the work upon which this thesis is besed was to ine
vestigate the possibility of expending the use of chemiocals derived from
agricultursl crops in the fisld of synthetic elastomers, The study ine
volved the production of monomers from chemicals obtained from farm crops
through the intermediate step of fermentation. Attention was given not
only to butadliens, but alsc to compounds needed for copolymers and to
other compounds which could be utilized in the elastomer industry. The
study was confined to fermentation products other than ethyl alecohol, the

use of which has been so theroughly studied end demonstrated in recent
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years, Attention was devoted principally to 2,3«butylene glycol, whioch
has received less attention then ethyl alcohol, but whieh offers distinct

promise, since it is a readily produecible fermentation product,

HISTORICAL

Butsdione and Isomers

The field of synthstic elastomers is not a new field of study. Its
guddon surge into promlinence has suggested to many that only recently
have the problems of synthetic elastomers been considered and solwved,
Actually, more than sixty years ego, a synthetic rubber had been prepsered
from & materiel othsr than natural rubber by Tilden (1882), snd Fulmer
(1943) pointed cut in his survey of the literaturs on synthetic rubber
that "practically all the basic information was knowm by 1913." A great
derl of this basic information was gained by the utilization of fermenta-
tion products as starting materials for the production of monomers,

The earliest attempts at producing synthetic rubber involwved the
polymerization of isoprene, since it had been determined by Williems
(1860) that isoprens was the "building block" of natursl rubber. The
produetion of isoprene was limited by the raw materisl, turpentines, which
wes not aveilsble in large quantity., heseareh was conducted in two di-
rectionsy first to find new sources of lsoprene and secondly to polymer-
ize metorials other then isoprene. Both linesg of research wers successful,

but the second proved far more fruitful, It is worthy of mention, however,
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that one of ths new sources of isoprene in those early days of experie
mentation was fusel oil, & product of fermentetion; Perkin (1912).

The polymerization of homologs of isopreme proved to be of greatest
industrisl interest. Not only were ithe products supsrior to those pro-
duced from isoprenms, but the raw materials for preduction of the nonomers
were more readily svailable.

The first synthetie rubber to be produced on & eoxmercial scele was
methyl rubber used by the Germmns in World ¥War I. W¥ethyl rubber wes e
polymer of 2,3-dimethylbutadiene-l,3 eand was prepared from acetone through
pinacol by Couturier {1852). Since the acetone was a produet of fermen-
tation, one can safely state that the first commsrcial synthetic rubber
employed a fermentation product ss a starting msterial.

Eowever, methyl rubber was not very satisfactory, and butadiene-l,3
ceme into prominence, Butadiene was first prepeared by Caventou (1862)
by passing amyl sleohol through red hot tubes snd it was first polymerised
to rubber by lebedeff (1910). It was immedietely recognized by Harries
{(1511) that butadiene rubber was superior to that prepared from isoprene,
and the attention of most chemists interested in synthetie rubber was
shifted to butadiene. Again fermentatlon products proved to be satisfacw
tory sterting materials.

Porkin (1912) desoribed methods for preparing butadiene from either
butyl aleohol or ethyl slecchel, both of which were prodused by fermenta~-
tion, The synthesls from ethyl aleohol inwelwved the formetion of acet-
aldehyds, condensation of the aceteldehyde to ecetaldol, reduction of the
acetaldol to 1,%~butylene glycel, and dehydration of the glyeol to 1,3

butadiens, Equetions indiecating the steps involved follow:
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This process is receiving considerable attention today, although the start-
ing material is now acetylene rather than slcohol; Gamma end Inouye (1542
and 1943). |

Ostromisslenski and Kelbasinski (1916) developed a method for pre-
raring butadiene by passing a mixture of eceteldehyde and sthyl slcohol
over catalysts, and Lebedeff {1928) developed the important process which
bears hls nsme, a process which consists of passing sleohol vapor over a
mixed dehydration~dehydrogenation catalyst. The lLebedeff process made syn-
thetiy¢ rubbar fesesgible, and it wes gonerally usad throughout continental
Furops. #Alded by the sxporience gained from yesrs of research in Russis,
Poland, ete., this country today is using the lLebesdeff process, or ver-
iatlions thereof, to produece ahout 330,000 tons of synthetic rubber yearly
from ethyl alcohol, much of which is produced by fermentetion.

Butadiene hes elso been prepared from Z,3=butylene glyecol, s chen-
ieal produced in exeellent yleld by fermontetion. Best results have been
obtained by what might be termed an indireect dehydration cf the glyecel.
This procsdure involves esterification of the gzlycol with a carboxylie
scid, usually acetle, &nd subsequent pyrolysis of the digster at s temp-
ersture of 560° 0.3 Hill end Iseacs (1938 and 1941) and Denivelle (158%2).
Investizators at the Northern Fegional Resesrch Laboretory at Peoria have
conducted sxtensive research on the pyrolysis of the discetate of
2,3=butylens glycol and have demonstrated on the pilot plent secale that
high yields of butadiene csn bo atieined by this process.

A number of other esters of 2,3-butylene glycol cen be pyrolyrzed to
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butadiene. Kostornays {1938) prepared butadiene from the xanthate of
2,3=butylens glycol by heasting the xenthste to 230°~240° C. The neutral
sulfite of glycol also yields ahbout 8~10 per cent butadiens at 575° C,,
according tc Penivelle (1939). The similarity betwsen the neutral sul-
fite and the inner carbonate suggests that the carbonate might also be
pyrolyzed to butadiene. However, no record of the pyrolysis of the care
bonate has b?en unearthed and no data on the compound itself were found.
The classic paper of Ritechie (1925) dealing with the conversicn of dif-
fieultly dehydreted slcohols to unsatursted hydrocarbon derivatives states
thet alkyl carbonates cen be pyrolyzed to unsaturated hydrocarbons by
heating to 500°=~ 600C C,

In addition to estere, ethers have been pyrolyzed to umsatureted
hydrocarbons. Dessturation of methoxy compounds has received consider=
able atiention and Horris, Verbanc, and Hemnion (1938) have reported a
geries of unsatursted compounds produced by the dessturstion of 1,3,3~
trimethoxybutane at temperatures of 3009-320¢ C, 2,3-Butylene glyecol
lends itself readily to the formation of methoxy ecompounds according to
Chappell {1935), but the preparation of butediene from mothoxy compounds
has not been reported.

The direct dehydration of 2,3<butylene glyecol to butadierne has ofw-
fered considerable difficulty. Various investigators have reported that
attempts to prepare butadiene from the glyecol yield methyl ethyl ketone;
Recker (1538), and Taira (1527), Alkabori (1938), Demivelle (1989), Rouw-
vesult and Loequin (1906}, and Tiffeneeu, Levy and Weill (1931). Unpub-
lished reports from the Nerthern Fegionml FKeseareh Leboratory and from s

number of indugtrial coneerns confirm the reported diffioculty. Ipatisff
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{(1936) has steted that glyecls upon dehydration yisld earbonyl compounds
rather than unsatureated hydrocarbons and attributed this effect to the
formation of an opoxy compound, followed by isomerizatiocn to cerbenyl
compounds.

Small amounts of butadiene from direct dehydration of 2,3—butylena
glycol have been reported ln private communications from various industriel
eoncerns and from the Northern Regional Research Laboratory, Chappell
{1935) reported the production of butadiens from 2,3-butylene glycol by
dropping the glycol into sulfuric acid-pumice mixtures at 175° ¢, In gene
eral, however, quantitetive determimations of butediene have nover indie
eated that high yields of butadiene could be produced from 2,3~butylene
glyeol by direct dehydration,

Since the work reported in this thesis was confined to the utiliza-
tion of fermentation produots, no attempt will be made to review the large
smount of literaburs reporting the producticn of butadisne from other raw
materials, such as petrolewn. 4An excellent survey of the methods of pre-
paring butsdiene hss boen mede by Egloff and Hulla (1942), and the reader
is referred to thet article for complete lists end refersnces to methods

of preparstion.

Methyl Vinyl Ketone

One of the grest contributions to synthetle rubber has heen the dee
velopment of copolymarization. Copolymorization has made possible the
production of synthetic rubbers with mors desireble mechanical properties

and has incressed the versatility of synthetic rubbers, Mark {1842) at-



tributed the differences between eopclymers teo changes in the intermolec—
ular forees and incapability of the individual chains to fit into erystsl
lattices. Various substances used in forming copolymers affect the inter~
molecular forces to varyilng degress and affeet the sase with which the
cheins will fit together to form crystal-like lattices.

Substances which are used meost extensively in produeing copolymers
are styrene and scrylonitrile. Styrene is the monomer used with buta=
diens to produce Buna B or GRS rubber, end acrylonitrile is used for the
Bune K rubbers. OCther copolymers have bsen investigated however, and co~
polymers of methyl vinyl ketone and butadiene show great promise. Rubber
produced by the copolymerization of butadiene and methyl vinyl ketone has
the highly desirable quelity of excellent plasticity at extremes of high
and low temperstures, in contrast to many synthetic rubbers end alsc to
matural rubbsr, which have a tendsncy to become brittle at lowsr temper-
stures. The use of methyl vinyl ketone in copolymorization rescticns
with butadiene wes first practiced by I. G. Farbsnindustrie, A.~0. (1932),
although Bayer, F, and Co. (1920) had first shown the sutopolymerization
of the ketons,

In recent years the references to methyl vinyl ketone in scientifie
literature have boeen very numerous. The vest majority of the literature
on methyl vinyl ketone hes been patent literature which describes uses,
preparations, methods of polymerization, and stabilisation of the compound.
It has been found that the compound is veluable not only ae & monomer for
rubbsr copolymers, but also es & synthetie resin intermediate, yiolding
elear sollds on autopolymerization, The synthetioc resin produced finds

utilization for coatings, heat hardened products, cements for glass and
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6ther articles, and glue in water soludble form. Hethyl vinyl ketone may
be condensed with formaldehyde to yield water scluble condensation products
which are then converted to resins by addition of polycarboxylic scids or
snhydrides, chlorides, ssters, or amnidses.

Mne of the early syntheses of methyl vinyl ketone invelved the ocone
densation of acetone with formaldehyde, followed by dehydration of the

ecndensation product,

CESGOCKS * BGHQ-—963300C3203205:§§203SCGCH-Cﬂz
Wohl and Prill (1924) zive definite directions for the preparation of this
compound and their method a&nd wariatione thereof have been exhaustively
investigated. Later workers employing varistions of the reaction employed
by Wohl and Prill are Drinberg and Bulygina (1840}, Morgan and Holmes
(1932}, Germann (1936), ané White and Heward (1943). Diffieulty in cone
trolling the mode of condensetion of the formaldehyde with the seetone,
as is svidenced by the isclation of such ecompounds as methylene butanclone
by Geult and Germenn (1933) limits the ylelds of methyl vinyl ketone pos=
sible from this resctlone. Although the sterting meterisls sare readily
aveilablo, the resction hes never been shown to be precticable on an ine
dustrial scale.

In recent yesars, & synthesis of methyl vinyl ketone from mcetylene
has come into prominence. The patent literature would indieate that most
of the methyl vinyl ketone being preparsd today is being msde from acete
ylenss The first step in the synthesis is formation of vinyl-acetylens
by use of the famed Rieuwland (1931) reaction.

1) 2CHECH——CHRC~CE=CH,
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The vinylacetylene is thern hydrolyzed to methyl vinyl ketone using mer-

eury salts and sulfuriec acid as catelysts.

s0
2) CHEC-CHACH, + Hy0moondsCH COCHCH
2 * B0 55, CFs 2

Churbakov and Ryantsev {1940) claim S0 per cent ylelds on the hydrolysis
step of the reaction end the feasibility of the first step has been con-
vineingly demonstrated in the development of chloroprene which is based
on the resction (1) sbove. Continuous processes for the produetion of
methyl vinyl ketone from acetylene have been devised, and there is every
reescn Lo beliave thaet this compound wlll becomws one of ths more common
chemicals,

In mddition to the sbove methods of synthesis, there sre other mothods
availsble whieh have been exploited less extensively. The first of these
is the oxidetion of methylvinylesrbinol.

Groll (1935) petented methods for the production of unsaturated car-
bonyl eompounds from unsatursted alcohcls by catalytie dehydrogenationa
He elmimed 33 psr cont yislds on the catelytic dehydrogenation of methyl-
vinylesrbinel to methyl vinyl ketone. Groll and dedong {1936) investie
gated the cstslytie vapor phese oxidation of various unssaturated slcohols,
and congiderably higher ylelds of unssturated carbonyl compounds were
claimeds The essential difference in the two methods is the removal of
hydrogen by ecombination with oxygen in the ecase of catelytic oxidation.

It is nscessary to remove the hydrogen by some methed in order to prevent
its resction with the unsatursted methyl vinyl ketone to yield methyl ethyl
ketone, . Oxygen from the eir accomplishes this purpose wvory effectively,

but alsc intreoduces the possibllity of complete combustion of the moleculs
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to carbon dioxide and water. The recent development of unsatursted alecohol
production through high temperature chlorinstion of unsaturated hydrocar-
bons followed by hydrolysis, & process described by Groll snd Hearne {1539)
and by #1liams and Associates (1940) probebly will be a stimulus to re-
search employing unseturated alcohols as starting meterdals, and catalytic
oxideticn mey well be one of the reactions which will be thoroughly inves-
tigated., There is also s possibllity that fermentatlion products may be
converted to unsetureted alcohols. Unpublished and unconfirmed reports
indicate rather high yields of methylvinyloerbinol from 2,3«butylene ;ly=-
cole These reports, if confirmed, will indicate that 2,3-butylene glycol
may become & source of many unsatursted chemicals.

Another synthesis of methyl wvinyl ketone utilizes acetylmethylear-
binol, & fermentation product, as & starting matsrial, Bifoct dehydration
of acetylmothylearbinol would yield methyl vinyl keton§. However, the
dehydration of an a-keto alechol is wery difficult, and the direct de~
hydration of mostylmethylearbinol is roported in but a single patent is-
sucd to N. V. deBstaafsche Petroleum Msatschappij (1539) in which it is
stated that godium bisulfate is the catalyst employed, Generally, how-
ever, indirect dehydration of scetylmethylearbinol is employed. Allen
and Haury (1941) =nd long (1941) patented methods for the production of
mothyl vinyl ketone by pyrolysis of the acetate of acetylmethyloarbinel.
The pyrolysis is effected at BOOCP=5500 C, in the presence of an inert zas,
such ag nitrogen, It is of interest to note that the first synthesis of
mothyl vinyl ketone studied extensively was based on a fermentation product,
acetone, &8s A starting materiasl and that the latest synthesis of methyl

vinyl ketone is based on yet enother, less studied fermentation produet,
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acetylmethylearbinol,

Diacotyl

Diacetyl as the simplest of the "diketo®™ compounds is of interest in
polymerization reactions, Until recently, the compound had not received
s great deal of attention in the field of synthetic resins and rubber,
but recent developments in the production of the compound suggest that it
will become available in incresesing quantities, With an increase in
quantity will come sn incresse in resesrch designed to find uses for the
compound,

As a "diketo™ compound, diacetyl has a number of a~hydrogen atoms
which are available for condensation type remctions., For this partioular
type of reaction, it may be stated that diecetyl is polyfunetional in
character, The advantages of the polyfunctional nature of diamcetyl are
enhanced by the faet that the molecule alsq has a system of conjugated
linkages, The conjugated system is characteristic of &ll the common co-
polymers in synthetle rubber. NHowever, it should be pointed ocut that &t
least one of the double bonds in common chemicals used in copolymers is
& C=C double bond, whereas both the double bonds involved in the diacetyl
eonjuzated system are C=0 double bonds,.

The polyfunctional nature of diacetyl has been utilized by I, G.
Parbenindustrie, A.-G. (1937) which patented & method for the production
of resins by condensing diacetyl with primary or secondary alkyl or earyl
asmines. The reaction product could be modified by treating with urea or

phthalic sphydride. Ellis (1936) suggested possible uses of diacetyl in



resins but there is no record of any experimental work which carried cut
his suggestions,

Diacetyl has besn prepared to some extent by tresting methyl ethyl
ketone with a nitrite to form an oxime which is decomposed to diacetyl
by nitric acid., However, later syntheses seem much more feasible. In
perticular, a methed veing vinylacetylene or methyl vinyl ketone as
starting materiel is belng thoroughly investigated. Carter (1939) pat-
ented methods for the production of diacetyl from methyl vinyl ketone,
employing mercuric salts as oxidiszing sgents, Eberhardt and Stadler (1941)
converted methyl vinyl ketone to diacetyl in good yield by heating the
reaction product of hypochlorous acid and methyl vinyl ketone with a min-
oral acid. ZSberhardt and Lieseberyr (1938) converted vinylacetylene to
diascetyl using mercuriec salts as hydration catalysts and elsoc as oxidiz-
ing arents.

A second method of synthesis utilizes fermentetion products as raw
materisls. DeSimo and MeAllister (1936) patented methods for ths oxe
idation of scetylmethylcarbinol to diacetyl using cuprie oxide and froe
oxygen. HNoAllister end deSimo (1936) claimed excellent yields for the
conversion of 2,3-butylone glycol to diecetyl by vepor phase oxidation,

Discetyl can also be made directly by fermentation., Kluyver and
Scheffer (1933) were granted patents covering the production of both
discetyl and scetylmethylcarbinol by the fermentaetion of a wvariety of
carbohydrate materials, The fermentation is very similar to the 2,3«
butylene glycol fermentation, but a higher rate of seration of ths mash
is employed. The incressed meration meinteains the fermentation product

in & higher oxidized form and prevents reduction of the product te
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2,%=butylene glycol. There is a distinet possibility that diacetyl could
be produced commercially by fermentation, either directly, or indirectly

through estalytic oxidation of 2,3-butylens glycel.

Acrylates

BEsters of acrylic acid have found extensive use in recent yesrs as
the monomers for production of synthetic resins. The industrial develop-
ment has been due, in large part, to the resserches of Dr, Ottc Robm.
Commercial quantities first became available in 19%51; 4non. (1942). The
resins are used extensively as adhesives in which role their elasticity
and extensibility offer distinet advantages,

The esters have been used to some extent in the field of synthetie
rubber, although the nitrile has boen used more extensively. I. G. Far-
benindustrie, A.-C. (1931) patented a method for the production of rubber=
like materials from the emulsion polymerization of acrylate esters.
Ziegler (1938) has stated that serylate esters may be used in forming co=-
polymers with butadiene in the emulsion polymerizetion process, although
mixtures of the pure chemicals alone yleld Diels-Alder type reaction
products,

The commercial production of acrylats esters todey is based on
ethylene as » starting material. The ethylene, which may bs derived from
ethyl aleohol or from petroleum, is converted to ethylens chlorohydrin,

thence to the eyeanchydrin by the reactions below,

i}
Cﬁzﬁﬁﬁz + HOCl“***#CEZOE-CHzClﬁgg*ﬁcﬁzﬁHCHZCN

The cyanohydrin is converted tc esters of acrylic acid by treating with
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an alechol and sulfuric aeid.
CH,0LCH,CH + ROH « Hy80,~—3CH,=CLCOOR + N, HSO,

A new process whioch offers promise of attaining cormerciel importance
is the conversion of esters of lactic acid to esters of acrylie seid,
Lactic acid is & readily producible fermentation produet end is derived
from a variety of ecarbohydrates, ¥olasses, whey, and corn suger have been
used extensively in this country es raw materials. The scid in turn is
converted readily to esters of lactic acid,

Purns, Jones, and Ritchie (1935) demonstrated the feasibility of con~
varting lectates to merylates by pyrolysis of scetate esters of lactio
acid esters, Nothyl lactete was converbed %o mothyl a-acetoxy propionste
in excsllent yislds, and the methyl a-acetoxy propionate was pyrolyzed bto
methyl acrylete in 90 per cent yields. The resctions ars shown in the
following equations, |

CH ;CHOLCOOCH, + (c&sce )EMHSCH(OECHS)CX)GCHS + CHgCOOH

@ 5000

Cﬂscﬁ(oé-cﬁg)CO-(}CHs*—*-BCBQ"CKCOOCH + CH-CO0H

3

The authors state that esters other than the scetatesz can be py-
rolyzed and mention the benzoatss and carbonates specifically, This ie
another example of the indirect dehydration of diffieultly dehydrsted
aleohols by pyrolysis of an ester,

Since the fundamental work of Burns, Jones, and Ritehie in 1935, a
great desl of work has been done on the utilization of lactic acid, ss-
peclally Ly the staff of the Eastern Regionml Resesrch Laboratory. ©Smith,
Fisher, Retehford, and Fein {1942) studied the effect of various contact

materials, temperature, and ocontact time upon the production of scrylate
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esters and stated that a temperature of 500° (. with contact agents of
quartz chip, strip alumimm, or iron would producs highest yislds of methyl
scrylate, Smith and Claborn {1939) statsd that methyl aerylate could be
produced as cheaply from fermentatlion lactic ecid as from ethylene by the
present commereial process.

Stearn, Makowsr, end Groggins (1240) stressed the possibilities of
lactic aoid in synthetic resins, not only from the viewpoint of ecrylate
rew materisl, but alsc in the fermation of glyptel modified resins, They
suggest that lectle acid be used tc estorify the a=hydroxy groups of glyec-
erol to yisld an ester, glycerol dilactate, UGlycerol dilaetate is itself
a compound having three alcoholic OH groups capsble of reseting with di-
basic acids to yield three dimensionsl polymors, Fisher, Rehberz, snd
Smith (1943) discussed the pyrolysis of estors of acetoxy propienic acid
and demensirsted thet esters higher than the methyl ester were not as
satisfactory lor pyrolytic roaction as the methyl esters. Fisher, Retch~
ford, end Smith (1944) discussed the effect of various contaet mmterials
on yields of methyl amcrylate from methyl lactate and demonsirated that
catalytic tubes constructed of stainless steel would be suitable. Fein
and Fisher (1944) studied the acetylation of alkyl lactates and claim
practicelly guantitative yields for the scetylation process, The commer-
eial possibilities of the process are evidently great, and it now seenms
likely thet lactic acid of fermentation may become sn importsnt factor in

the future production of acrylate esters.
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VATERIALS AND APPARATUS

Baterials

1. The 2,3-butylene glycol used in this investigation was made by

the fermentation of glucose by Aerobacter serogenes. The formentations

were carried out by Mr. BE. R. Kool of these laboratorise. In eorder to
facilitate recovery of the glycol from the meshes, & counter~current
liguid=liquid extractor was constructed, the details of which ere described
by Kelfenbach, Koci, Fulmer, end Underkofler (1944). The glycol had the
following physiecal constents: bep. 178°9-182° C, at 750 mm., nzg = 1,438,
4?2 = 0.999.

2+ The ascetylmethylearbinol was prepared by the fermentation of 2,3~

butylene glycol by Acetobacter suboxydans, as described by Fulmer, Under~

kofler, and Bantz (1943)., The mmterial was supplied by Mr. Bantz and had

g = 1,4192,

3+ Methylvinylearbinol wes purchased from Shell Chemical Co. and

the following physicel properties: b,p. 1420-144° C,, nl

possessed the following charscteristics: Db.p. 969=970 C, et 745 mm.,
n24 = 1,4130, 2§ = 0.8357,

4, Methyl lactate was purchased from Eastman Kodak Co., and after
redistillation boiled st 141°-142° C,, nﬁg = 1,4118,

Be Diacetyl was bought from Eastman Kodak Co. and from Forsst Products
Coe The material was redistilled, and the fraction boiling from 86° to
87.5° C. at 750 mme was collected. This fraction had & density 22 ; 0.980

and ngg = 1,3910,
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6. Blumina was bought from the Aluminum Ore Co., and was classified
&5 Activated Alumina, Grede A, 8-14 mesh.

7Te Silics gel was bought from the Davidsen Co. One lot wes in im-
pelpable powder form, and the other was in granular form baving a mesh
size of 6«16,

8a Common chemicals used throughout this investigaticn were of C.P.

grade.

Apparatus

Catnlysis apparatua.

The spparatus used for the catalytic reactions is shown in Figure I.
Stendard taper joints were used for all conneotions from the weporicer
flask £ to the ice bath J in order to eliminate sources of contemination
of the eostalyst.

4 represents a compressed gas eylinder equipped with a pressure re-
ducing valve, Various gases were used, inecluding Nz, Gi}z, Hz, and air,

B represents s wot test gas moter which was used to momsure the wol-~
ume éf zas passing into the veporizing flask E..

€ represents gas wash bottles which were used to purify the geses
being introduced inte the waporizer flesk. The contents of the wash
bottles varled with the different geses used. ¥When nitrogen was used,
as in the majority of the runms, the wash boitles were filled with alka~
line pyrogellel to remove oxygenes

D represents & caleium chlefida drying tower.

E represents a veporizer fleask, This flask was lmmersed in a bath



Figure I. Catalysis Apparatus
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which could be heated to 225° C, The flask of 250 ml. volume was egquipped
with & gas inlet tube, which extended almost to the bottem of the flask,

& side arm equipped with a 10/38 standsrd teper joint leading to the catale
ysis tube, and a slightly elongated neck leading to the drop rate regulator.
In the wvaporirzer, the materisl was vaporized and mixed with gas which
served to sweep the wvaporized materiel intc the cetalysis chsaber,

F, the drop rate reguletor, consisted of a valve from & compressed
gas tenk., The regulestor was atteched by means of rubber tubing to a
resservoir containing the materisl to be introduced into the catalyst
chamber, #With this method of introduction of material and by mainteining
e head of epproximstely 45 cm. of liquid, exosllant control of addition
rate could he maintained,

G represents the furnace through which the glass catelysis tube
pagseds The furnsce was sleotrically heated and was well insulated.

The portion immedistely surrounding the cetalysis tube was constructed
from a brass tube to which were sealed threse thermocouples, one at each
end and ons in the middle. The furnace was 17-1/2 inches long, 6 inches
in dismeter, and the breas tube surrounding the catalysis tube wes 3b mm.
ingide diameter,

The ecatalysis tube was construeted of pyrex glass and was equipped
with standard tapsy joints at both top end bottam. The tube was 62 cme
long snd %2 mn. in diemeter.

The furnace wes calibrated by relating the tempersture of the bed
of the eatalyst, messured by a thermometer, to the millivolt reading of
the thermocouples placed in the brass tube surrounding the catelysis

tube, The relationshir was derived under simulated reaction conditionge-



with ges flowing but without introduetion of remction material, After
calibration, thermocouple readings alone werc used to measure the temp-
erature of the catalysis tube.

H repressnts e trangformer used to rsgulets the voltage applied to
the furnace and thus to regulate the tenperature of the furnece.

J represents an ice bath, and X represents dry ice baths used to

insure more complete condensation of reaction products,

Pyrolysis spparatus.

The pyrolysis apparatus was similar to the catalysis apparatus, with
the exeeption that no vaporizer flesk was used, Tho meaterial was dropped
directly inte the pyrolysis tube from the drop rate adjuster. The pyroly-
sis tube was constructed of Vycor tubing. The pyrolysis furnace was &
Hosking slectrie furnace, type FD 3038, The furnace was calibrated in

the seame manner as the ocatalysis furnace.

Carbonate apparatus,

The carbonate of 2,3-butylens glyeol was produced by a counter-current
liquid vapor reaction. The apparatus employed is shown in Figure II,

A represents a oylinder of phosgene which was connected to & flow=~
meter B, The gasecus phosgene was lod through the adapter D and pessed
up through the resctionm tube, where it came into contact with liquid
butylene glycols The butylene glycol was added dropwise, the drop rate
being controlled by the drop rate adjuster F, and fell into the reaction
tube which wes packed with glass beads, The temperature of the reaction

tube was regulated by the transformer K. The high boiling reaction pro-
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Figure 11, Carbonate Production Apparatus



- 2% -

duct was collected in flask €, while excess phosgens and low boiling pro-
ducte passed into the condensing system. The flask G was a receiver for
meterials boiling above room tempersture. Ibre wolatile materisls, in-
cluding excess phosgene were led through dry ice traps to ligquefy phos-
gens and éhance through wash bottles containing sodlum hydroxide solu=-
tion. §ny products not reacted nor condensed were led from the wash

bottles inte a hood and were removed from the laborstory.

Butadiene analysis appsratus.

Butsdiene wes analyzed by the malele anhydride method. The nmppara=~
tus employed was essentially the same as that described by Tropseh and

Mattox (1934).

Polaropraph apparatus,

The polarographic method was used for the guentitetive analysis of
methyl vinyl ketone and diacetyl. The instrument was manually menipu-
lated und wes similar to the instrument described by Lingane and Kolthoff
{1939)s A 7 om. section of Heyrovsky tubing was used as the dropping
electrode end this electrode was attached to a mercury reservoir by a
saction of prassﬁre tubinge By raising or lowsring the rasarvoir,‘tho
pressure on the dropping electrods could be veried. The volisge was
measured szainst an external ssturated calomel electrode, and the current
wag caleulated from the IR drop across a resistance of 7000 ohms, Tempw=
erature was maintained at 25° C. by means of a thermostatically controlled
heater fitted into & lerge de Ehotinsky water bathe. FEitrogen was used

as the inert gas %o flush ell oxygen from the electrolysis vessel, and
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all analyses were made in an simosphere of nitrogen.

METHODS

Catalyst Preparation

The preparation of eatalysts for vapor phese work on a laboratory
scale is complicated by the necessity of maintaining the catalyst in a
form which will permit passage of the vapere. Obvicusly, a catalyst in
powder form or & ecatalyst which will produce a fine powder on heating is
not suiteble for laboratory work, although the interesting fluid catalyst
principle used in industry utilizes powders. The methods described were
designed to preduce a catalyst in a form through which ges could easily

be passed.

"Pagte™ method with modificetions,

The method used most generally in this invegtigation wes a method
termed the "paste” methed. In this method, the materials to be incorpor=-
ated intc the catalyst were ballemilled to spproximately 100 mesh. The
components of the catalyst were then weighed out and plasced in e smnll
homogenizing apparatus. The homogenising apparatus was merely a smsll
ball mill, construsted from a wide mouth chemical resgent bottle of about
500 ml. capacity. The hottle was placed on a set of rubber stoppers
which fitted on 2 glass rods, one of which was attached to a varisble
speed motor., The glass rods were supported from below by wood supports

and were held in plece by nalls, but were free to rewlwve., The motor
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revolved the rod attachsed to it, and the revolution of the reod caused the
bottle to revolve. BSmall stones in ﬁhe bottle insured homogenization of
the powders.

The stones were removed from the catalyst materisl and enough water
was addsd to form a heavy paste which was of such consisteney thet it
eould be molded, but lost no water cn molding. The smount of watsr to be
edded for e given weight of catalyst varied with the materials making up
the oatalyst, Howsver, wariation in the amount of water sdded to & given
catalyst had little effeoct upon the activity of the catalyst.

The paste could be handled in several ways., Ordinarily the paste
was spread on glass plates to a depth of about 3.5 mm. The catalyst wes
then divided into squares of about §-7 mm., and was ellowed to dry overe
night at ebout 60° C, A% times it was necessary to evaporate some of the
water before rutting the cetalyst into squares, & fact which became ap=
parent immedimtely upon attempting to form the squares. The catalyst,
however, should be cut before cracks appsar on the surface,

The paste eould alsé be handled by foreing it through a series of
rather small holes of about 1 mm. dimmeter. This procedurse produces &
series of long strands which can be cut to desired lengths. In genersl,
the method previously described was found more suiteble from the view~
point of stability as the second process has the serious disadvantage
that the pressure required to force the paste through the holes may also
force the water out of the paste.

Pill machines for handling ecatalyst pastes have bsen developed, but
this leboratory was not equipped with one.

The "paste” method wae adopted tc insure & perfectly reproducible
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eatalyst, However, not all materials can be handled in this fashion, and
it is difficult to generalize as to the possibilities of using the "paste®
method for different catalyets. Certain materials lsnd themselves readily
to such use, and zine oxide and calcium hydroxide are especially effoctive
in producing sturdy eatalysts in the "paste" method. Alumina and silice
gel do mot tend to form strong, stable catalysts from paste, but addition
of saltg, such as primary sodlum phosphate to either alumina or siliecs,

or mixtures of the two produces an excesdingly hardy catalyst.

Modifications of the paste method were used to some extent, In the
first of the modifications, a salt which would decompose upon hesting wes
ineerporﬁted into the paste., After the catalyst was dried, the selt was
decomposed by raising the temperature. In this fashion, the catalyst of
zine oxids mixed with venadium pontoxide was prepared, the decomposable
salt in this case being ammonium metavanadets,

A second modification involved the incorporation of a reducible
meterial, usually an oxide, into the paste. For example, pastes including
zinc oxide and eupric oxide were prepared, and the eupric oxide wns re-
duced to free copper by hydrogen at 3500 C, Pastes incorporating tungstie
oxide were also prepared, and the tungstic oxide was reduced to the blue

oxide with hydrogen at 5500 C,

Deposition method with modifications,.

A second method of preperation of catalysts involved the deposition
of an sotive component on a carrier which was in grapuler form, Carriers
used most extensively in this work were sillea gel, slumina, and asbestes.

In order to deposit the active ingredient several procedures were
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adopted, If soluble, the component was dissolved in water and the so-
lution was poured on the carriers The water wes then sveporated from the
mixture which was stirred continuously, end the amctive material was left
on the surface of the carrier,

A second method of deposition was the addition of & carrier to s
molten galt which wes to act as the active ingredient, This methed was
used for the catalyst composed of zine chloride on asbestos, and also for
the catalyst composed of primary sodium phosphats on asbestos.

A third deposition method was the precipitation of sn insoluble hody
from & sclution in the pfasenca of a carrier,

¥odifications of the deposition method were elso used. In the first
modificetion, deposition was combined with decomposition. A material was
deposited on the carrier and decomposed by heatimg. For example, the cat-
alyets using alumina &z & carrier on which primary sodium phosphate and
copper formate were deposited, were subjected tc a temperature of approx-
imately 300° C. &t that temperature the copper formate would be decomposed
to copper or an oxide of copper.

In the second modification of the deposition prvcedure, & reducible
materisl, usually en oxide, was deposited on the cerrier., For exemple,
copper hydroxide wes deposited on asbestos, wes dried, end then reduced

to free copper by hydrogen at 350° C,

Reductiqn.metheds.

A third method inwolved the reduction of oxides in wire form. Spee=
ifienlly copper catalyste were made by reduction of copper oxide wire.

Repeated oxidation and reduction may be used, and this procedure is re=~
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ported to produce & more highly activated catalyst.

Single eomponent catelysts.

Catalysts consisting of & singls component were used for some exper-~
iments, In thie elessifieation, silieca gol &nd alumine were used most
extensively. The silica el was prepared according to the dirsetions of
Patrick (1919)., Alumine was prepared from aluminum nitrate by precipi-
tating with ammonia, Thorough washing to remove ammonium selts, followed
by drying at 60° C, overnight, and drying at 1000 C. the following day,
left & considerable portion of the material in granulaer form suitable for

vapor phase catalysis.

Anslytical Procedures

Butadiene amelysis,

The ylelds of butadiene were determined by measuring the wolume of
gases which boiled between ~78° C, and +5° C., and by determining the per-
contage of butadiene by volumee The volume of gases was meassured by dis-
placement of & satureted salt solution, The pereentage of butzdiene was
determinsd by the method of Tropsch and Mattox (1934). Perfeet gas laws
were assumed, since no van der Wasls' constants were known.

The theoretical volume of butediene which eould be produced from &
given weight (z) of starting materials used in this investigation is

given by the equation

Vi = E/ME%
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where V, = theoretical volume
¥ = moleculsr weight of starting material
R = gas constant
T w= ghsolute temperature
P = pressure
The smctusl volume of butediene is the product of total volume of
gases multiplied by the fraction of butediene in the pes.
The percsuteze yield is then

%ﬁ; x 100, which is Y& X 100
t RT
8/” P

Polarographic anslysis.

Polsrographic annlysis wes utllized for the quentitative detormina-
tion of methyl vinyl ketons and diaceiyl. This anslysis was adopted for
seversl reasons, the most important reasons being, (1) the difficulty of
analysis of the mixtures encountered by any other meens, and (2) the
rapidity sand acocuracy of the polarogrephic method for the sbove-mentiomed
compounds. The difficulty of analysis by chemical means was due to the
fact that other materisls were present which distilled et temperaturee in
the same rsnge as the material to be determined and also hed funetional
groups similsr to the groups present in the desired compound. For example,
in the preparation of methyl vinyl ketons from methylvinylearbinol, one
would expect unchanged methylvinylearbinol, methyl vinyl ketone, methyl
othyl kotone, end water. The boiling points are 97° C,, 78° C,, 80° C.,
end 100° C. respsotively. The difficulty of seperating the components of
this mixture is readily apparent-—-sspscielly the seperation of the methyl
vinyl ketone from methyl ethyl ketone, In addition eash of the two func-

tional groups of methyl vinyl ketone, namely the CwC end the C=0, is
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present in one or another of the molecules with which the methyl vinyl
ketone is associated. The polarographic method wae ideally suited for
this determination, because methyl vinyl ketone is the only constituent
of the mixture which is redueible &t the dropping mercury electrode.
The other materisls neither reduce nor affect the reduction of the
methyl vinyl ketons. In addition, & complete analysis can be made in
25 minutes.

Quantitative polarographic work is besed on the varietion of wave
height of the reducible ecompound with concentration of the redueibls
conpound. Quantitative polarography is similar in application to cther
comparetor methods of analysis, for example, colorimetry. Unkrnown solue-
tions are compured with stendard solutions in order %o determine concenw
trations in the unimowns, Impurities present in the unknown sclution
should be approximated in the standard solutions, or should be shown to
have no effect upon the properties being compared, By reference to the
standard solutlons, the concentration in the unknown solution can be de-
termined.

In this investigation, the total volume of organic meaterisl was
meagured, and one ml., of the organic layer diluted to proper wlume wus
used for the polarographic determination of wolume per cent of methyl
vinyl ketone, A gample calculation for methyl vinyl ketone from methyl~
vinylesrbinol follows and serves to demonstrate what data are necessary.

wt. of methylvinylearbinol {¥.V.C.) used = 36 g,

vol, of organic layer = 18 ml,
vol, % of methyl vinyl ketone (M.V.K.) = 70
density of methyl vinyl ketone = 0,86
mol, wt. of methyl vinyl ketone = 70

mol. wt, of methylvinylearbinol - 72



- 31 -

Actusl yield - gt@tﬁl Wlo)‘%lc%ﬁokﬂt.)(d@ﬂﬁ; MQV.K.)
0o

Theoratical yield = ,Zl‘i."’;i’:“é.v: x mole Wte MeVoKe

o (total vol,)(volaZ M.VeK.)(dense M.V.Ke}(mol, wte 3.V.C.)
% yield ("to g.v.as)(MII Wee HeVe o)

« (18)(70)(0.88)(72
( )(( ?O_))( ) - 31%

Dirset snalysis by distillation,

For the quantitative determination of other resction produets, direct
weighing of distillation products was used. FPer cent ylelds were calcuw

lated in the ordinary menner.

EXPERIMENTAL

Butadiene

Direct dehydration.

Since there were no quantitative data on the production of butediens
from 2,3-butylene glycol by direct dehydration, there wms little precedent
to follow in the choice of a catslyst. Single component catalysts were
first inwstigated, slthough confidential reports had indicated that only
smell amounts of butadiene could be produced with such cetealysts., Alumine
and silice were chosen as catelysts for a series of runs. Mixed estalyats
were next tested. The general procedurss for all of these expsriments are

discussed in the following peregraphs,



Before muking & run, the catalyst tube was filled with catalyst and
was connected to the system. The temperature was then raised to approx-
imately 300° C, and maintained at that tempersture for seversl hours in
order to mctivate the catalyst. In case the catalyst contsined any ox~
idiseble material, nitrogen was used to sweep out oxygen before hesting,
and the sotivetlon procedurs was carried out in an atmosphere of nitrogen.

After setivation of the catalyst, the temperature wes adjusted to
the desirsd level by means of the transformer. The 2,3~butylens glyeol
was weighed and plaesd in the reservolr abowe the drop rats adjuster.

The temperature of the bath in which the waporizer flask was lmmersed was
inoreased {o approximately 225° C. by means of & Bunsen burmer. The rate
of flow of inert geas was adjusted roughly, ean interval timer was started,
and the glyecol was allowed to drip upon & psd of glass wool at the bottom
of the vaporizer flask. The drop rate was carefully adjusted snd finally
the inert gas rate was adjusted to the exact value desired, The temper-

ature, gas rete, and drop rate were checked from time to time during the

rone

After sll the glycol had been introduced, the time was recorded, and
the inert gas wee used to flush out the apparatus., Ususlly about I liters
of gas were used for this purposes At the close of the flushing ocut period,
the dry ice flasks were detached from the system and were oconnected to a
large bottle completely filled with saturated salt solution., The ocutlet
tube from the large bottls was mainteined at the level of the liquid in-
side the bottle, The flasks containing the butadiene wers then placed in
an ice bath at ebout 0° C,, which vaporized products volatile at 0° C,

into the large bottles snd displaced salt solution from the bottle. The
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levels were carefully adjusted, after all the volatile material had dis-
tilled, and the wvolume of the displeced salt solution wae recorded as were
the temperature and pressure. The inlet tube te the large bottle was then
connected to the butadiene anelysis apparatus and a ges sample was with-
drawn into the butadiene analysis apparatus in the ocustomary mamner. )
After determimation of the percentage of butadlene in the gas sample, the
percentage yleld was determined by substitution into the equation on
page 29.

The data for single component catalysts are collected in Table I.

The eatalysts were prepared as described in the section entltled

"Heothods."”
Teble I
Butadiene Yields from Alumina snd
Siliea Gel Cetelysts at Various Temperaturss
Eate of Bute~
Temp., Glyecol, Time, §2 Flow diens
Catalyst ° ¢, grams  min, mle per mine Z
A1205 250 53 60 150 0
MBOS 276 80 42 150 8]
,nzos 300 41 58 150 trace
Alzﬁs 300 50 43 150 0
Al,04 350 51 58 150 1
Alzﬂs 400 49 80 150 1.5
41,0, 450 25 27 150 2.5
41,04 500 25 28 150 8
Silice gel 400 26 27 150 0
Silica gol 450 25 28 180 trace

The above data confirm the reported difficulty of dehydreting 2,3~
butylene glyeol, and also indicate that higher temperatures favor the

formation of butadiene. However, the practicel upper limit of temperature
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had already been reamched at a tempsrature of 500° C,, st which temperature
the catalyst wss thoroughly blackened from end té end of the {ube by de-
composition produets. In the case of gillca gel catslysis, this decompow
sition takes place at even lowsr temperatures.

The 1iquid condensate in all the runs contelined a great deal of methyl
ethyl ketone, and the major portion of the liquid boiled from 70° C. to
86° C. It was thought that the methyl ethyl ketons was produced not by
isomerigation of an epoxy compound, as Ipatieff suggests, but rather by
& kotonization of &n enol form of methyl ethyl ketone:

cascmﬂcmﬁms-ﬂ-scagca-c( OH )CH y——3CH ,CH,, COCH,

All attempts at iscleting the epoxy oompound were unsuccessful,

The fact that butadiene is produced in excellent yields by the py~-
rolysis of glycol discetate lsads one to believe that the effect of the
sootate radical is an orientstion eftect or a sterie effect, which causes
oasior removal of the hydrogen etoms of the methyl groupe. Any hope of
preparing butadiene directly from 2,3-butylene glycol probsbly liss in
the production of & similar “orientation” effect, which would cause the
molecule to dehydrate in such & manner that the hydrogen atom would come
from a position on the end earbon rather than from & position on & earbon
holding a hydroxyl groupe.

A gories of runs totaling well over 100 wes made in an atiempt teo
find some meterial which would produce the desired sffeet, In all the
rung particular attention was directed toward two compounds, butsdiens
end methylvinylearbinol, The latter would be an expected intermediate
in the formation of butadiene~l,3 from 2,3«butylene glyeol, In no ecese

was methylvinylesrbinol isolated, although private, unconfirmed reports
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indieate that methylvinylcarbinol has been produced from 2,3~butylene
glyecol in rather high yields.

‘The attempts at "orlentation” effects were mede in two directions.
First, attempts were made to use a material having & somewhal basic ef-
faot to stabilize the enol form, and secondly, sattempis were mede to use
e slightly dehydrogenating meterisl to lcosen the hydrogen emtoms attached
to the methyl groupse. The incorporation of such materials into the cete
elysts was accomplished by the depoaition‘and "paste™ methods with modi-
ficetions, as desecribed above, under “"Mothods of Catalyst Preparstion.”

Typical catalysts and results are listed in Table II.



Table II

Butediene Yields Using Mixed Catalystis

22.5 grams butylene glyeol uged in each run

Hothod Time Rate Fute-
of Temp. for Fun, Inert Cas Flow, diene
Catalyst Preparation °c, min, lag ml. per min, %
(A) A12G3 &8 carrier ' .
Caz(Pﬁ&)g on Al,0, a deposition 350 42 ¥, 180 16
Co (PO, ), Fe,0, (trace)® A1.0, dep, & decomp. 300 40 ¥, 160 0
ng3(904)2 Al,0, deposition 350 44 X, 100 0
cheg(ls) AIZQE(IOO) deposition 400 37 N, 180 0
Cu(tracs) 41,0, depe & decomp. 340 40 Ny 185 o]
cu(20) 41,0,(100) dep. & red,S 400 25 X, 65 0
Zn0(20) A1,04(50) paste 400 40 £o, 46 0
Cu(trace) KﬂzPD*(I) Alzﬂa(éo} dep. & decomp. 350 40 0, 200 2
Cu(trace) KﬂzPO*(l) A1205(4o) dep. & decomp. 400 56 €o, 125 3.8
Cu(trace) KH PO, (1) Al,04(40) dep. & decomp, 400 30 co, 123 4
Cu{trace) KH, PO, (1) A1203(40) dep. & deconmp, 400 70 CO, 68 Te5
Cu(trace) HhBZP04(1) Alzos(éc) dep. & decomp. 350 30 co, 106 1.5
xnzpoﬁ(l) A1205(40) deposition 400 40 0, 80 4.5
KH2P04(1) A1203(4o) depesition 375 60 oy 20 1.6
m2m4(1) A1,0,(40) deposition 400 45 o, 70 2
FaH,F0,(1) A1,04(40) deposition 400 47 GO, 65 1

(8) Silica Gel as carrier
RaHgPO,(50) Silica(30) deposition 400 50 €0y 50 0
Cu(trace) RaH,P0,(1) 8iliea(30) dop, & decomp. 350 80 g 40

[



Teble Il {(continued)

$2.6 grams butylene giycol used Lnm e&ch run

Method Time Rate Buta~

of Temp s for Run, Inmert Gas Flow, diane
Catalyst Preparation o¢, min, Gas ml, per min. %
Cul{tracse) naE2P04(50) Silioca (30} dep. & decomp. 350 45 €O, 920 8
Cu(trace) NeHo PO, (30) Silica (30) dep. & decomp. 850 80 o, 50 1
cu(trace) KEpP0,(30} Silies {30) dep. & decomp. 380 80 COp 100 2
NaH,PO,(5) HoW0,(6) Siliea (40) deposition 400 45 co, 50 2.6

(C) Asbestos as carriar

EkKRPOQ(IO) Asbestos (10) deposition 400 40 €0z 250 1.5
FaligPO,(20) Asbestos (20) deposition 400 40 €0g 90 1.5
wizma(ao) Asbvestos (20) deposition 450 40 €o, 80 2

& there epecific guantities are not listod, the earrier was saturated with catelytic material,
b frace emounts wers added by mddition of & formate solution to the catalyst, drying, end decorposing

the formate at 300° C,
¢ Reduetion of Cul,
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The tabulated results indicate that high ylelds of butediens from
2,3-butylene glycol by direct dehydration are difficult, if not lmpossible,
to obtain, HNo definite trends could be noted with the exception that
higher temperatures sgain favored butadiene formatlon, but also favored
marked decomposition. The most favorable catslyst was the combination of
KHoFO4 on Aly0g, modified by a trace of copper. Thorough investigation of
this catalyst failed to inorease ylelds to sny apprecisble extent, howsver.
Attempts at finding basic materisls to effect the desired change were
abandoned early because of the fact that basic materials tended to inhibit
all dehydrations, even dehydration to methyl ethyl ketone.

A wvariety of other catalysts wes tried with equally unsatisfactory
results, In particular, Wo0g catalysts, eatalysts in which red phosphorus
was mixed with EaH2P04, and a veriety of "paste” cataslysts were investi-
gated but failed to produece yields of more than 4-5 per cent butadiesne,

In every case, methyl ethyl ketone was the predominating reaction product,
although traces of iscbutyraldehyde, the cyelic acetal of methyl ethyl
ketone and 2,3-butylene glycol, butadiene~l,2, and dimethyl scetylens were

also found,

Indirect dehydration.

The possibility of converting the glyeol to & carbonete was first
investigated. Forty-five grams of 2,3-butylene glycol was placed in a
F-nock flask equipped with & stirrer, reflux condenser the outlet of
which was connected to a dry iee trap, snd & dropping funnel. To the
dropping funnel was added 100 grams of liquid phosgene, maintained in

the liquid state by addition of dry ice at intervals. The reflux cone
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denser weter was siphoned from a bath containing an ice-salt mixture at
approximately -8° €, The phosgene was dropped into the liquid glycol,
maintained at &0° C, The unreacted phosgene wes condensed, either in the
reflux condenser or in the dry ice trap, and was returned for further re-~
aetion, After all the phosgene had reacted, the mixture was heated for
several hours, during which copious evolution of HCl was observed. The
mixture was then subjected to atmospherie distillation and products
boiling at temperatures up to 120° C, were removed. The remainder was
then subjected to wvacuum distillation and 37 g. of produet boiling at

95° Co under 8 mm, pressure was collected. The produst was water white
and had the following physicel properties:

n28 = 1.4226, ¢%§ = 1,129, b.p. at 740 mm, = 240° C.

molecular weight = 116 in phenenthrene
molecular weight in bornyl bromide = 228, indicating assoeciation
in that solvent

%@ Calculated: 51.7 Found: 51,5
p 434 Caleulated: 8.58 Found: 7.10

These data indicate that ths compound is the inner carbonate of

2,3-butylene glycol, having the formula CHS'E =CHge A yleld of 37
| P

grams corresponds to 65 per cent of theorstiecal,
The pcsgibility of preparing the earbonate by & continuous process
was next investigated, end the apparastus employed is shown in Figure 1I,
ps 22 DHNinety grams of glycol was placed in the reserwvoir atteched to the
drop rate adjuster, F. The furnsce was heated to 150° C,, the phosgene
gas flow was adjusted to 200 ml. per minute and the glyecol was dropped into

the resction tubs et the rate of 44 grams per hour, 7The reasction preduct



dropped into the flask C and excess phosgens and low boiling by-product
metorials passed out the top of the furnace inte the condensing system.
After all the glyeol had been introduced, shout one liter of gasecus phos-
gone was pessed through the system to insure complsfe reaction of the gly-
cols At the end of this perlod, the flask ¢ wns removed from the system
and pleced in & bath hested to 100° C, After heating for 2 hours, during
whieh vile smelling gases, largely HCl and psrhaps some phosgene, were
driven off, the materisl was distilled under vacuum, The purpose of the
heating wae to complete the reactlon, which evidently cccurs in stages.
The first stage is formetion of the echlorecarbonate in which only oms of
the hydroxyl groups reacts. Extended heating causes the remaining hy-
droxyl group toc reuct with the chlorocarbonate, splitting out HCl and

forming the ecyelic ecarbonate as shown in the following equations:

H H EH
caszg—lé-}::ﬁs + cscxz-——-xzﬂsg-c';-cas + HCl———3CHg==C~Clz + HC1
HO OH oH 0
g=0 ‘
c1 o

After HCl was no longer evolvwed, the reaction mixture was distilled
under vacuum, and the product boiled very sharply at 95° C. under 8 mm.
pressure; yields of 76 per cent of theory were realized,

The carbonate wss pyrolyzed et various temperatures using either

stsel turnings or quarte ohips as contect agent., The results are listed
in Teble 1I1I,
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Teble III

Butadiene Yields from Pyrolysis of
Glycol Cerbonate

“Tontact Temp. Wte OF Tine, inert  Eate Buta-
Agent ¢, Carbonate, min, OCas of Flow, diens
greus ml. psr min, %
3teel turnings 620 43 40 - w-— 1
S8teel turnings 580 28 30 K, 200 trace
Stesl turninge 475 28 30 Ky 200 trace
Quartz 480 24 35 LA 150 o
Quarts 630 29 28 X, 250 0
Quartz 670 35 30 N, 2860 trace

In 211 the rume much decomposition oceurred. Thigz wes elsd true
when using alumine or porous plate as contact agents, Even at the temp-
erature of 670% C, a considerable portion of the carbonate was unchenged,
when quartz was used as the contact agent. Iren evidently lesds to de-
composition st a lower temperature, es large smounts of carbon were de-
posited on the contact meteriel at €20° ¢, The negligible ylelds of
butadiene indieste that inner carbonates do not pyrolyze to unseturated
hydrocarbons, ss do the ordinary earbenates, but rather éecompoae COm=
pletely.

A second approach to the produétion of butedisne from 2,3-butylene
glycol by indirect dehydration wes madé using the monomethyl ether of
the glyeols It was thoughf that the methyl ether might be dehydrated to
en unsaturated methoxy compound, which in turn could bs desaturated to
butediene, The adventege in this procedure would arise from the faot that
the methoxy group attached to a carbon involved in a double bond does not
underge rearrangement as does the hydroxyl éroup in a similar position.

The removel of the one molesule of water from the starting material would
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produce not methyl ethyl ketone, but rether an unsaturated methoxy com-
pound which has the possibility of conversion to butadiene.

The monomethyl derivative of glycol was prepared eccording to the
directions of Chappell (1935), who prepared the monosodium derivetive in
excess glycol and then methylated with dimethyl sulfate. The methyl
ether was then distilled from the remction mixture under vacuum snd was
redietilled st atmospheric pressure., BExcellent yields were reslized,
based on the sodium used, but great difficulty wes encountered in at-~
tempting to distill the excess butylene glyeol from the mixture. The
sodium methyl sulfate, formed by the asction of dimethyl s:lfate on the
sodium derivative of glyeol, effectively prevented distillation of the
glyecol and acted as a dehydration oatalyst, Even at reduced pressures,
the glycol was partially dehydrated hefore it could be distilled., The
cycliec acetsl, formed from methyl sthyl ketone and glyeol, ecould be
isolated, along with large emounts of methyl sthyl ketone. The glyeol
could be extrected from the mixture by dissolving the mixture in weter
and using a eontinuous extractor employing ether as the immiscible
solvent,

The monomethyl ether of glyeol was passed over vnrinus‘catalysta
at tomperatures ranging from 266° C., to 3752 C. The material was pre-
vaporized, and nitrogen wes used as the inert gas to sweep the vaporized
material into the catelyaia tube., All catalysts were prepeared by the

“paste” methods The results are listed in Table IV,
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Teble IV

Butadiene Yields from Simultaneous Dehydration-
Dogaturation of Hono Methyl Ether of Z,3-Butylene Glycel

25 grams methoxy compound in each run
feup. , Time, ml. N,  Dutadiens

Catalyst Co nin, Per Min,. %
A1,0.(40) S5ilice(40) A1PO,(20) 330 30 150 1
Pumice(100) P(5) Cuny0(20) 265 40 250 0
Pumios{100) P(5) ¥aH,F0,(20) 235 40 125 0
Pumioe(100) P(5) NaHpP0,(20) 325 35 125 0
Pumiee(100) P(5) Kal,P0,(20) 875 38 125 ]
Silica(26) A1,04(26) Wa05(6.5) 328 38 125 1

TaH, PG, (6.5)
8ilica(26) 21,04(26) Wy04(6.5) 375 50 150 11
NeH, PO, (6.6)

In all the runs, the condensate in the ice bath was & complex mix=
ture, most of whiech boiled from 7BE° C. to 856° C. It is suspected that a
considerable fraetion of this meterial was methyl ethyl ketone, which was
produced by desaturstion rather than by dehydration. Methyl aleohol was
probably split out of the methoxy ccmpound and left the snol form of
mothyl ethyl ketone, Unfortunately, the methoxy compound requires a
higher tempersture for dehydration than does the glyeol, and et the temp-~

erature raquired for dehydration, desaturstion also takes place,

Methyl Vinyl Kotone
The produsction of methyl vinyl ketone was investigated f{rom three
distinet engles, (1) the eatelytic oxidetion of methylvinylearbinmol,
(2) the dehydration of acetylmethylcarbinol, and (3) the simulteneous

dehydraticn-oxidation of 2,%-butylsne glycol.
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All the methods gave rise to certain by-products, which ssriously
conplicated ordinaery analytical procedures, and the possibility of using
the polarographic method for the determination of methyl vinyl ketone in

the mixtures was investigated.

Polarographic snalysis.

Purs mothyl vinyl ketone was prepared by the eatalytic oxidation of
mothylvinylearbinol as described later in this section. The matarial was
dried with snhydrous sodium sulfate and was redistilled after addition of
2 fow drops of butyrie acid to prevent polymeriszation, The fraction boile
ing from 78° C, to 79° C. was colleoted. The refractive index at 20° C,
was 1.4081, and the d°§ was 0,862,

Ismediately after distillatlon, one ml. of the pure methyl vinyl
ketone was diluted to 100 ml, with 0.1 ¥ potassium chloride sclution.
This solution of methyl vinyl ketone was termed the stock solution, end
further dilutions were made from the stock solution.

4 concentration ssries was run in order to determine the varistion
of weve height with concentration. The concentration series consisted
of 8 sclutions, each of which conteined 1 nl. of the steck solution and
esich of which had bsen diluted to the proper wolume with 0.1 K potassium
chloride. The volumes for the three sclutions were 250 mi., 100 ml,,
and 50 ml. respectively, and the conecentrations in molerity were 0,454
x 1073, 1.25 x 1073, and 2.47 x 10~5 respectively. The solutions were
placed in the electrolysis vessel, and nitrogen was bubbled through the
solution for 15 minutes. During a determimation, the nitregen flow was

continued, but the gas inlet tube was raised above the surface of the
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liquid, so that stirring sffeets would bs avolded, but the nitrogen atmos-
phere would be mainteined. The reservolr of merocury was raised and the
inerecased pressurs caused the msrcury to drop from the tip of the elec~-
trodes The wvoltage was then gradually increased, and the current reading
at each wltage lovel was determined by measuring the IR drop across a
rezistence of 7000 ohms.

The date for the thres solutions comprising the coneentration series

follow in Table V.

Table V

Current-Voltage® Data for Methyl Vinyl Ketome Solutions

@blnritxﬁx 169

0.404 1.23 247
Carrent Current Current
Mero- Hicro- Hieroe=
Volts anps Volts SIMPB Yolts agps
1.245 0.68 1,250 0.53 1.080 0.57
1.338 0.57 1.330 071 1.216 0.57
1.412 1.31 1.400 1.71 1.280 0,90
1,478 2.21 l.454 3.43 1.407 4,98
1.546 2448 1,515 4,71 1.462 TeTd
1,616 2446 1.58) 5,20 1.527 9.07
1,680 2.36 1.880 4,96 1.577 950
1,748 2.36 1,718 4,99 1.640 9.87
1,820 2,36 1,800 4,99 1.720 9.57
Diffusio
Curranzb
1,86 4,46 9,00

& Potential difference between dropping eleetrode mnd saturated
calomel eleectrods
Diffusion current = limiting current - residual current
These data demonstrate that the diffusion ecurrent is lincarly pro=
portional to the concentration, and henecs perfeectly sulted to quantita~-
tive polarographic analysies. The relationship between the current and

concentration cen be expressed by the equation dg w 3,665(% x 105)
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where do = surrent in nicroamps
¥ = aolarity

The caleulated values for the diffusion current using the above
equation are compared with the experimentel values in Teble VI, Also

included in Table VI are the half-wave potentials for the three solutions.

Table VI

Diffusion Current (de) snd HalfeWave
Potentials (Ey/y) for Methyl Viayl Ketoms

de de
# x 10° €XD. ealc. Ey /2
0.454 1.80 1,79 1.43
1,234 4.43 4,80 1.42
2468 9.00 8,01 1.41

These figures serve to demonstrate further the strict limserity be-
tween diffusion current end coneentration. The helf-wave potentisls, the
potentials at which half the reducible meterial in the mercury-solution
interface is rsduced, are practically conetant, The slight decresse in
El/% with concentration is due to the slight IR drop within the solution
itself,

¥hile the above results demonstrate that pure methyl vinyl ketone in
sclution ean be determined quentitetively by the polarogrephic method, it
is necessary to demonstrate thet the impurities likely to be present with
the methyl vinyl ketone do not interfere with the polarographic enelysis.
In order to demonstrate this faet, methyl ethyl ketone and methylvimyl=
carbinol, the two compounds most likely to be present in a run, were added
in varying ratios to the methyl vinyl ketone. The concentrations of the
various constituents of the mixtures and the polarographic data for the

miztures ere given in Tabls VII,
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Teble VII

Current-Voltage® Date for Mixtures of Methyl Vinyl Ketome (MVK),
Hethylvinylearbinol (MW), and Methyl Ethyl Ketone (MEK)

Molarity x 10%

M=), 404 : HVKwl .23 HVE»] .87
HEX=0 448 ¥ER=}, 12 PEEK=D 224
My Ca( 485 HYC=],17 ¥WCw(, 284
Current Current Current
¥lero= Miero= Hioro-
Volts anps Yolts aups Yolts amps
1.265 G.50 1.200 0«40 1.220 0453
1.514 0.53 1,283 0446 1.270 0«87
1.422 1.57 1,352 0.89 1.%46 1.08
1.506 233 14433 2.78 1.418 2.86
1.680 2433 1.490 4.36 1,470 Bal4
1,653 2432 14557 504 1.630 6,71
1,714 2433 l.621 4,53 1.594 707
' " 1,696 4494 1.865 771
1.780 4,93 1,728 7443
1,769 7«37
1.850 7«37
Diffusion
Current? 1,81 4,47 6480

& Potential diffsrence betwsen dropping elsctrode and saturated
ealomel electrode.
b piffusion current = limiting ecurrent - residual current

Table VII demonstrates that the wveluea for the diffusion current of
methyl vinyl ketone in mixtures with non-reducing impurities are the same
as vaslues for the pure compound slone,

The accuracy of the method ean be illustrated by comparing the ex-
perimontal values with ths walues calculated from equation (1) on page 4.

Yhe comparison is shown in Tabls VIII,



Teble VIII

Diffusion Currents for Mixtures of e
Methyl Vinyl Ketone, Methylvinylcarbinol,
end Methyl Ethyl Ketone

¥ x 105“ de do
8XDe cale » SXDe
04494 1.80 1.81
1.23 4.49 4.47
1,87 6483 6480

% Concentretion of methylvinylearbinol and
mothyl ethyl ketons as in Table VII
by w molarity of methyl vinyl ketone

These date indieate that methyl vinyl ketone in mixtures can be
determined quantitatively within 2 per cent by the polarographic method,.

In the production of methyl vinyl ketone from 2,38-butylens glycol
by a simultanecus oxidation-dehydration procedure, there is a distinet
possibility of producing diacetyl, along with methyl vinyl ketone. It
was, therefore, of interest to lnvestipate the possibllity of utilizing
the pelaropgrephic mgthod for the guantitative determinetion of both di-
scetyl and methyl vinyl ketons from a single solution. It was known
that diasetyl.is redueible at the dropping mercury electrode, since
Winkel and Proske (1938) reported its reduction potentisl.

The determination of the currenteconcentration relationship for di-
acetyl was carried out in the same manner as was used for methyl vinyl
ketone, One ml. of pure disestyl, the properties of which are described
above in the section "Materials", was diluted to 100 ml. with 0.1 ¥ pow
tassium chloride to form the stock solution. Various concentrations were
prepered from the stock solution and were anelyzed polarographieally., The

date ars presanted in Table IX,



Table IX

Current-Voltage Data for Diacetyl

Holarity x 109

1.138 04808 0568 0,454 ' 0,378
“Current Current Current Current Current
Miero- Miero- ¥ioro« Micro= Miero=
Volts® amps Volts® amps Volte® ampe Volte® emps Volte® amps
04459 0.53 04521 0,46 0.484 0.8 0.507 Q.39 0.878 0.89
04517 0456 0,633 0,47 0.593 0.51 0.618 0440 0«680 0440
0.628 0.57 0.,875 04,49 0,678 Os54 0+688 1% %] 0.786 0469
C.630 0460 0735 0.58 0e774 0.71 0,790 0.87 0.840 1,17
0,788 1,89 0.822 1.69 0.860 1,97 0,834 1.34 0.928 1,61
0,824 2,29 0.905 3400 0.948 2436 0.524 1.54 1,020 1.67 P
04878 3.57 0,991 3423 1,038 2.40 1,013 1,97 1.120 1.89 -~
0,963 3497 1.080 3.24 1,120 2441 ©
1,053 3,87 ]
Diffusion
Current?
3,37 2,76 1.86 1,52 l.28

8 Volts represent the potential difference between the dropping eleetrode and saturated calomel
electrode '
Diffusion current = limiting current « reszidusl gurrent
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The data of Teble IX indicate that the current is not linsarly pro-
portional to eoncentration., Rather the data follow the equation
log de = 0.877 log (M x 10%) - 0,307
where de = diffusion current in microsmperes
¥ = molarity of diacetyl
The agreement between sxperimental values and caleulated values is

shown in Table X. Also included are the half-wave potentials for the

various solutions.

Table X

Diffusion CQurrents and Half-Wave
Potentials (EI /2) for Diacetyl

de de
¥ x 10% 8XP. cale. By /2
11,36 3.37 3.38 0.82
.06 2476 2,78 0.83
5«65 1.81 1.84 0.82
4.54 1.5 1.51 0.83
378 1,29 1,29 0483

Table X shows that pure discetyl can be snalyszed polarographically
within 2 per cent. It was found more convenient to use the data of Tebles
IX and X in graphic form and to plot direectly the "per cent™ of diacetyl
against diffusion eurrent, In this pmrticular case, the solution, 1,138
x 1073 H, which contained one ml. of stoek selution diluted to 100 ml,
with 0.1 N potassium chloride was termed 100 per cent and the percentsges
of ths other soluticons were based upon the 1,136 x 10~3 u sulutions For
example, the solution, C.454 x 103 ¥, whieh contained one ml. of stoek
solution diluted to 250 ml. was only 0.4 as concentrated as the 1,136 x
103 ¥ solution and hence was termed 40 per cent, When uniknown solutions

were prepared, they were prepared exactly like the 1,138 x 1073 u solution,



with one ml. of unknown substituted for the one ml. of purs discetyl.
After determination of the wave helght, the per cent dlacetyl could be
read directly from the graph. The graph of diffusion current egainst
both molarity and per cent dlacetyl is shown im Figure I1I,

The possible effects of the presence of the two reducible materials
upon their individual reductions was next studied. Verious dilutions of
methyl vinyl ketone and diacetyl were prepared, and methyl ethyl ketone
was also added. Ths current-wolisge data for the various dilutions ere
presented in Table XI.
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Table XI

Current-Voltags Data for Mixtures of Diacetyl (DA),
Methyl Vinyl Kstone (MVK) and Methyl Ethyl Eetons (MEK)

¥olarity x 103

DA=0.365 DA™, 462 DA=0,462 DAS0.925

HVEm),834 HVE=D 501 NVE=0,750 MVEwD 250

MEE=Q 834 MEK=0 501 HEK=0 760 HEE=0,250

Current Current Curyrent Current
Hioro- Hiero~- Hicro=- Hioro=

Volts wemps Volts amps Volte amps Volts amps
0480  0.87 0.526 Q.31 0,489 0.47 0478 0.38
0590 0,39 0,838 D.36 0,578 0,53 0580 0,41
C.695 0,41+ 0.T00  0.,43* 0.680 0,60+ 0888  0O.44s
04781 0.87 0.807 1.36 Q702  0.89 04733 0.50
0.843 1,21 0.873 193 0.88B5  1.9% 04772 Q64
0.831 1,7 0.966 2.00 0976 2.10 04845 2,37
l1.028 1,78 1,060 1.96 1.067 2.14 04936 3,07
1,110 1,77+ 1.140 1,96%» 1,152 Z2eld*s 1.020 S.ldse
1.200 1,77 1.225 l.94 1240 2.14 l.108 S.14
1.281 1.77 1.280 2.00 1.822 2,16 1,193 3,13
1.335 1,77 143690 24,71 1,400 2,43 1,277 3.13
1.411 2.38 1,438 3,57 1.466 3.81 1.355 3,13
1.470 3.83 1.506 377 1,528 4,60 1.433% 3,31
1.688 4,86 1.577 377 1.600 4,81 1.500 2.86
1.580 4,73 1,848 3,77 1.706 4,81 1,578  3.97
1.668 4,74 1,842 3,97
1735 4,74

&  Potential difference between dropping electrode end saturated
ocalomel electrode

% Resldual current

#» Limiting ourrent for diacetyl end residual current for methyl vinyl
ketons
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The results indicate the fearibility of epplying the polarographic
technique for the analysis of both dimeetyl and methyl vinyl ketone. The
diffusion currents for both diacetyl and methyl vinyl ketone are compared

with caleulatsd wvalues in Table XII.

Table XII

Diffusion Currents for Diacetyl and Methyl Vinyl Ketome
in the Presenece of Methyl Ethyl Ketone®

Diacetyl Yethyl Vinyl Ketone
¥x10* dc (exp.) de {cale.) M x 208 do (exp.) de (cale.)
3485 1.36 1.31 0,834 2497 S04
4,62 153 1,53 0.501 1,83 1.83
4.82 1.54 1.53 0780 2.687 274
9423 2270 281 0.250 Q.54 0e91

& Methyl sthyl ketome concentrations as listed in Table XI

The agreement between calculeted results and expsrimental results is
entirely satisfactory for dlacetyl, and the largest error is sbout 4 per
cent. In the cease of methyl vinyl ketone, the agreement between celculated
snd exporimental walues 1s very good with the sxception of the most dilute
solution., In this omse, the previoue reduction of diacetyl evidsntiy de-
pleted the hydrogen lons at the electrode too greatly for quantiiatiw
reduction of the methyl vinyl ketone. In actual determinations, however,
the methyl vinyl ketons was usuelly present in higher coneentration than
the diacetyl, a fact which improved the accuracy of the determination.

The anslysis on actual determinations is reliable to within 3 per cent.

¥ethyl vinyl ketone from 2,3-butylene glycol.

The production of methyl vinyl ketone from 2,8~butylene glycol in~-



volves the removal of the elemsnts of wator and also & molecule of hydro-
gene There ars recorded instances of simultanecus dehydration and de-
hydrogonation of which the best known is the preoduction of butadiens from
ethyl alcohol. However, in the production of methyl vinyl ketone from
glyeol, it is necassary to remove the hydrogen by meens of oxygen because
of the ease of reduction of methyl vinyl ketons to methyl ethyl ketone.
Thus, the proeeas becomes a reaction involving eatalytie dehydration come
bined with oxidation rather than dehydrogenation,

There is no well-known precedent for sirmltansous catalytic dehydra-
tion-oxidation reactions end the type of cmtelyst to be used was not Imown.
Howaver, in a few attempts at preparing butadiene from butylens glycol,
using primery sodium phosphate on agbestos as a catalyst, methyl vinyl
ketone hed been detected. In every case in whioch methyl vinyl ketone was
produced, air hed been introduced into the system. Decause of this obe
servation, phosphate eatalysts were investigated to a relatively greater
extent than others, and various eatelysts employing combinations of de-
hydration and dehydrogenation materials were investigated.

The amount of methyl vinyl ketone produced was detsrmined hy the
polarographic method, and all ylelds were based on the smount of glyeol
introduesd into the vaporizer flask. The results are preszented in Table

XiIl.



Table X111

¥ethyl Vinyl Xetone from 2,3-Butylene Glycol

az;g*gramg_ef glycol used in each run

Hethod of Terpe,  TiM0, Air fliow, H.V.K,
Catalyst , Preparetion °c, mine ml. per min, %
ﬁaEZPGG(SO) Ashestos(30) depositicn 350 30 400 0
HaH,F0,(50) Asbestos{80) deposition 400 30 400 trace
KallyP0,(50) Asbestos(25) deposition 325 30 250 0
§:32P94(50) Asbestos (25) deposition 400 30 400 1.5
e, P0 (60 ) Asbestos(25) deposition 450 30 400 8
ﬁhﬁzPG4(54) Asbestos(18) deposition 375 20 400 trace
Hedi, PO 4(54) Asbestos(18) deposition 426 35 250 2
Ehnzroi(es) Agbestos(23) Cu(B) dep, & red.® 326 45 200 0
NaHyPO,(46) Asbestos(23) Cu(5) dep. & red.* 400 40 200 trace
nnﬂzpné(loo) Anzos(zao) cu0{2z0) paste 890 20 0 1
el PO, (50) Silica gel(25) deposition 400 35 485 3¢5
Alzoa(zoo) Zn0(50) paste 400 30 o 0
A1205(190) Zn0{50) paste 450 30 0 0
Alzos(loo) Cu0(20) deposition 350 30 100 ]

¥ Feduction of cupric acetats at 3000 C, with Hz.

-999
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The results of Table XIX1 indicate that the productlon of methyl
vinyl ketone from 2,3-butylene glycol by eatalytic dehydrastion combined
with catelytic oxidation is very difficult. Again the chief obstacle is
the inhorent case of formation of methyl ethyl ketone from the glyeol.
While methyl athyl ketone itself produces & trace of methyl vinyl ketone
in eatalytic oxidation, most of the methyl vinyl ketone probebly srises
from methylvinylearbinol,

Of the catelysts employed, primary sodium phosphate was the only
material which showed any promise. However, the high temperature neces-
sary for the sodium phosphate to beecome active militates ageinst its use
for the reason that considerable combustion occurs at the olevated temp-
eratures, Attempts to find natarials which would render the sodium phos-
phate active at lower temperatures were unsuccessful, Dehydrogenation
materials were added but served to increese the yields of discetyl rather
then methyl vinyl ketone. However, the results do show that methyl vinyl
kotone vory definitely was formed directly from 2,3~butyleme glycol by a
process smploying simultaneous catalytic dehydration and oxidation, even

though the ylelds were poor,

Esthyl vinyl ketone frem methylvinylearbinol,

M¥ethyl vinyl ketone ecan bs produced from methylvinylearbinol hy mesns
of eatalytic dehydrogenation, but the product is mixed with methyl ethyl
ketone from which 1i{ is separated only with great difficulty, A much
purer product can be made by mesns of catelytic oxidetion.

The general topiec of catalytic oxidetion in the vapor phase has been

discussed very thoroughly by Marek and Hehn (1932). Various catelysts
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are deseribed end recommended by the ebove authors. Parks and Yule (1941)
described the preparatien of several catalysts for catalytic oxidatioms
and generalized on the relative degree of oxidation ability of various oxide
catalysts. In addition to knowledge of tlhe general type of ocatalyst used,
the patent of Groll and dedong (1936) makes claims for specific catmlysts
in the catalytic oxidation of various unsaturated slcohols,

Verious catalysts, soms of which had been desoribed previously for
entelytic oxidations, were investigated. The hest catalysts found, how
over, had never been previously proposed for catalytic oxidation of unset-
urated alechols and were those compoéed of ginc oxide mixed with coppor
or oxides of copper., These catalysts were prepared by the paste method,
wore quite sturdy, and retained activity for a long period of time,

Table XIV lists the results using the ocatalysts composed of gzine
oxide mixed with eoppaf or the oxldes of coppers. In addition, ths re-
sults using the indlvidual components of the eatalysts asre listed &t the
end of the Table. All peroent(ga yields are based on ths amount of
methylvinylearbinol introduced into the veporiszer flask, and all ylelds
wore determined by the polarographic method. The temperatures listed in
the Tables are temperstures of the eatalyst bed before inﬁrudueticn of
the reaction materials. Invariably, the temperature rose somewhat upon
introduction of methylvinyloearbinol and air because of the highly exo-
thermie nature of the reaetion. Xo provision was made for remowval of

the hest of reaction in order to maintain a constant tempersture.
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Table XIV

Produstion of Methyl Vinyl Ketone (M¥VK) from
Msthylvinylearbinol Using %inc Oxide
Hixed with Copper Oxide or Copper

86 prams of m%*_}}'lvinyloarbinol used in each run
emp . , Alr flow, Time for Run, MVK

Catalyst , °c. ml, psr min,  minutes %
cuo(22) Zn0(100) 390 650 60 46
cun(22) Zn0(100) 300 620 60 59
Cul(30) Zn0(100) 300 500 60 6
Cu0{30) Zn0( mog 250 600 80 trace
Cu«i}(ﬁ{)g zmgwo * 300 600 60 8l
cuo({30) Zn0{100)* 300 300 €0 82
cuo(%0) Zne(zoog* 300 0 80 23
Cu0(40) Zno(100 325 500 80 49
cuG{40) Zuogmo) 300 600 60 €0
Cu0(40) Zn0(100) 250 . 600 60 &
cu0{40) Zn0(100) 300 500 80 &8
r:uza(m) Zn0(100) 300 600 80 trece
Cu20~(10} zm(mo) 250 800 60 trace
Cuy0(20) Zn0(100) 400 500 60 25
Cu,0(20) 2no(100) 380 650 60 48
Cu,zi)(EG) Zn0(100) 300 820 60 53
cuge(zo) Zn0{100) 250 600 60 81
(:uas(zc) Zn0(100) 250 500 85 66
Cuy0(® ) zn0(100) 250 500 85 61
c-uzo(ao) Zn0{100) 300 600 €0 50
cuze(se) Zn0{100) 250 800 60 51
cuza(so) £n0{100) 200 600 60 51
Cuz()(éo) Zn0(100) 250 600 60 48

' cuzo(éo} Zn0{100) 200 €00 60 55
Cu®(30) Zn0{100) | 276 600 80 37
Cu0 (Wire) 300 500 80 0
Cud (Wire) 250 500 80 0
Zn0 300 500 80 0
Zn0 250 500 80 0

* Effect of varying quantitly oOf 8irs
& Copper made previously by decomposing copper formate in the presencs
of potassium formate and formic aecid,
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The above results indicate that mothyl vinyl ketone can be prepared
in rather hizh ylelds from methylvinyloarbinol by eatalytic oxidation,
The product obtained was relatively pure, and after drying over anhydrous
sodium sulfate, the reaction product boiled from approximately 77° C, to
82° €, and had & refractive index of about 1,407 at 23° C, The boiling
point of pure methyl vinyl ketons is 80° C., and ths refractive index at
200 €, is 1,4086. The refractive index velue indicates that the product
was not contaminated with methyl ethyl ketone to eamy great extent, sines
methyl othyl ketens has s refractive index of 1,3807 at 16° C,

The results further indicete that there is little difference between
cuprous oxide and cupric oxide for this resotion. The cuprous oxide is
active at & slightly lower tempersture, but produces yields approximately
ths pame ms the cupric oxide. Copper itself ie not quite as active as
the oxldes of coppers

In zenseral, with the wvaricus catalysts the yields increased as the
temperature was reduced, Higher temperatures gave equally pure methyl
vinyl ketons, but logsez due to complete combustion to earbon dioxide
and water wore comsiderably greater. Almost all the carbinol which was
not oxidiszed completely to carbon dloxide and water was oxidized to
methyl vinyl ketone.

The ratioc of cuprous or oupric oxide to ginc oxide is not eritical,
Varyiny the amounts of copper oxide between 20 and 40 grams per 100 grems
of zine oxide failed to affect the yields apprseiably., However, when the
amount of cuprous oxide was reduced to 10 grams per 100 grams of zine
oxide, the yields were reduced practically to 2ero., Incresased amounts of

either cuprous or cupric oxide rendered the catalyst active at lower
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temperatures, end the cuprous oxlde was sctive at a slightly lower tempe
srature then the cupric oxide.

The runs marked in the table by * demonstrate that air is necessary
for this conversicn, The run mede with 600 ml, of air per minute--or
slightly mere than the theoreticel quentity needed te effect the oxidation
~-produced & yield of 61 per cent. The next run, with 300 ml. of air per
minute, produced & yleld of 62 per cent, This yield was produced at the
expenss of the catalyst, however, and the cuprle oxide wee reduced to the
cuprous state, The run made in the absence of air procduced only 23 per
cent methyl winyl ketone, agein at the expense of the ecatulyst., Horsover,
the methyl vinyl kotone wes conteminated with methyl ethyl ketone, the
refractive index being in the neighborhood of 1.394.

The runs using zine oxide end cupric oxide alone indicate that the
individual components of the eatelyst are not active. Only upon combining
the zinc oxide and the copper oxide is cstalytic activity showm,

Several ruge were mede using various catalysts, most of which were
prepared by the paste method. Some were varlations of the catalysts used
in the previous rune and others were entirely different., The results

follow in Table XV.
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Teble XV

Production of ¥ethyl Vinyl Eetone from
¥ethylvinylearbinol Using Verious Catalysts

Eg;gynms of methylvinylcarbinol used in esch run

Tempey Time, Air flow, MVK
Catalyst _ °c. min, ml. per min. %
cu(30) ca(OH)q(65) 300 786 600 28
cus{22) €(0.75) Zn0(75) 300 85 600 57
cwo{22) ¢(0.75) Zn0(75) 300 65 600 58
Cul(30) ¥o0x(5) Zn0{100) 300 60 600 traoce
Ce0{30) ﬁbQS(S) Zn0(100) 250 60 800 trace
#n0,(26) 2n0(100) 800 80 600 trace
vzasa(za) Zu0{100) 300 66 600 trace
V,0.P(14) 200(100) 300 65 600 trace
Brass 300 60 600 trace

® V405 meds by decomposing ammonium metavansdate at 300° C. in the
presence of air,
b Catalyst treated with ¥a, 05 solution.

The catalysts composed of cupric oxide, zine oxide and carbon acted
vory similarly to catalysts composed of zine oxide and cupric oxide alone,
It had beon notieed thet there was lega smoke in the oxit gasses--indi=
eating less decomposition~~townrd the latter part of the run, when the
cupric oxide-zine oxide catalysts wsre used. It was thought that the

carbon which deposited on the ecatalyst was ceusing the decresse in de-
‘euépositien¢ Addition of carbon to the catalyst before s run had little
effect on the yield, howaver,

The molybdic oxide was added in the hope that it would aet as a
promoter for the cupric oxide. Actually, it inhibited the action of ths
cupric oxide, Xolybdie oxide is probably a poor cholos of promoter for
the roason that it has considerable tendsney to dehydrate alocoholse.

Brass has been used by other Investigators fer the catalytic oxidae
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tion of various alcohols and was investigeted for that resson, It showed
little estalytic aetivity in the temperature range at which the cupric
oxide-zine oxide catalysts performed most capebly.

Vanadium pentoxide has been highly recommended as an oxidetion cata«
lyst. In the catalytic oxidation of methylvinylearbinol, however, it was
ineffoctive. Agsin, the tendency was toward dehydration rether than oxe
idation. In order to reduce the dehydration, the catalyst was treated
with sodium carbopste solution, which is steted by Taylor (1926) to be a
dehydretion inhibiteor. Yields were not improved by this itreatment.

Hangenese dioxide has activity for certair catalytic oxidations, btut
produeed no mors than trece amounts of methyl vinyl ketone from methylvine
ylearbinol under the conditions et which the zine oxide-copper oxide cate
alyets were decidedly active., The physical characteristics of the copper
oxide~zine oxide catalysis as well as thelr activity at low temperstures
indicats that thess catalysts should find increasing use for cstalytie

oxidationg.

Hethyl vinyl ketone from scetylmethylearbinol.

A few runs wore made in an attempt to dehydrate acetylmethylcarbinel
te mothyl vinyl ketome. Sodiuvm bisulfate has been stated to effect this
dehydration, but no other catulyst has been reported as effective,

Table XVI lists the runs for which quantitative date on the yields
of methyl vinyl ketons were secured. In sddition, several runz were m#de
in which §205 wae employed as catelyst, No qu‘s.ntitativa dets were secured,
because the analytical procedurs had not been developsd as yet, In gener-

al, the runs made using %205 as cetalyst produced materials which boiled



in the range of 756° C. to 85° C, but did not possess the characteristic
piquant odor of methyl vinyl ketono. It is now believed that the mater-
ial was s mixture which included among its components methyl ethyl ketone
and dimcetyls. The diacetyl was produced by oxidation of the acetylmethyl=

carbinol at the expense of the W,0p which was reduced to W0, e

Table XVI

Hothyl Vinyl Ketome from Acetylmethylesrbinol

20 prams of acetylmethylcarbinol used im each runm

Tﬂmp’, Tim. Elﬂ. ;ﬁz m

Catalyst oC, min. per min, %
A1P0,(20) S8iliea(40) Al,04(40) 350 45 0 0
Bzmé(so) EfaﬂzPO4(SD) .uzos(se) 320 50 180 0
¥alis0,(80) Al,05(60) Silica(60) 315 50 160 o]
HaH,P0,(20) P(5) Punice(100) 375 46 150 13

The sodium phosphate-phosphorus-pumice catulyst was the only cetaw
lyst effective for the reaction. The sodium bisulfate showed no promise
whatsoever, The bisulfate was reduced to hydrogen sulfide, which could
be detected in the exit gases by means of lead acetate paper. Rather
copious evolution of hydrogen sulfide wes observed. The tungstic acid
was algo reduced, largely to the blue oxide of tungsten. Evidently
acetylmethylearbinol is so easily oxidizeble at 300° C., and sbove that
nany of the common oxides used in oatalysts are reduced in its presence,
Phosphate catalysts ars most suiteble from this viewpoint, and in sddi-

tion the catalyst gave an encouraging yield of methyl vinyl ketons.
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Diacetyl

Production of diacetyl from 2,3-butylene glycol,

Dehydrogenation. Upon direct dehydrogenation, 2,3-butylens glyeol

would yield discetyl. For some reason, glycols dehydrogenate with dife
fieulty however, and poor ylelds of diketones are produced., OSeveral rums
woere mede in en attempt to produce discetyl from 2,3~butylene glyeol by
dehydrogenation, but poor results were obteined. The cstelysts investige~
ted required high temperaturss before they beceme active, Much decompo=-
sition of glyeol resulted, and mest of the starting msaterial was lost.
Table XVII lists the runs made with the object of direct dehydrogenation
of 2,3=bubylene glycol, All analyses of yilelds of discetyl were msde by
the pelarographie method,
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Table XVII

Dehydrogenation of 2,3-Butylene Glycol

S2eb grams of 5,3-buty19ne _glycol used in each run

Mathod of Tompe, Time,
Catalyst Preparation C. min,  Discetyl %
Cnaﬂ(?.c) Zn0{100} paste 325 35 5
c‘.uze(:m) Zn0(100) paste 400 35 o
ZIn0 paste 325 50 2
Zud paste 400 50 2
Fezos(zo) Zn0(100) paste 325 65 0
?3203(20) Zn0(100) paste 400 65 0
Cu ' reduction® 525 40 0
tu reduction® 400 40 0
¥i on charcoal denosition 250 30 0
¥i on chercoal deposition 380 30 0
¥i on charcoal deposition 450 30 0
Zn on charcoal deposition 325 60 0
Zn on oharcoal deposition 400 50 c
Cu0, Cely on charcoal deposition 300 &0 0
Cul, Cely on charcoal deposition 318 60 0

® Reduction of CuO wire with H, at 360° C.

Direct dehydrogenation of 2,3«butylene glycol is not femsible on the
bagis of these results. In some cases methyl esthyl ketone was produeced
in high yields. This wae espeecislly true in the ecase of the metals dew
posited on charcoal. Copper on charcoal is reputedly a dehydration cste
alyst, and evidently other eloments which usually act as dehydrogenation
cetalyste will act es dehydration catelysts when placed on m cerbon carrier.

The metallic copper was without action et 328° C, and left consider-
able unchanged rlycol at 400° C, The zino oxide-cuprous oxide catalyst
produced low boliling materials but only small amounts of dizcetyl. Zine
oxide alone showed slight actiﬁty. The fundamental difficulties seemed
tc be dehydration of the glycol in the case of the paste catalysts, end

decompogition and dehydration of the glycol in the case of the other



catalysts.

Catalytic oxidation. Results of rune employing catalytic oxidation

rather than dehydropenation wers considerably more eneouraging. The cat-
alysts which exhibited activity were active at considerably lower temper=
atures and produced higher yields in catalytic oxidaetion thean in dehydro=
genation resctions. There is a possibility that the equilibrium is very
unfavorsble to ths formation of diacetyl in thes cmse of catalytic dehydro-
genation, The equilibrium would be more favorable in the ecmse of eatelytic
oxidation because of the remowval of hydrogen after its formation from the
glycol.

Results of various runs employing zino oxide with copper oxide as
catalysts are listed in Table XVIII,

Table XVIII

Catalytic Oxidation of 2,3~Butylene Glycol to Diacetyl
Using Zine Oxide=Copper Oxice (atalysts

22,5 grams 2,3-butylene glycol used in each run

Method of enpe, Time, Alr fiow, %
Catalyst Proparation °C. _min, ml, per min, Diacetyl

Cu,0(16) Zn0(100) paste 260 30 400 26
Cuzﬁ(lﬁ) Zn0{(100) paste 330 30 400 29
Cuzo(zo} Zn0{100) paste 260 30 400 40
Cu,0(20) Zn0{100) paste 260 30 850 a7
Cu,0(20) zno(100) paste 300 30 890 87
Cu,0(20) Znd(100) paste 325 30 400 33
cuga(zc) Zn0 (100} paste 375 30 400 18
Cuy0(380) 2n0(100) paste 276 45 400 34
€u,0(30) Zno{(100) paste 360 35 400 v}
cut{16} zZn0{100) paste 275 30 430 53
cun(34) Zn0(100) paste 265 30 800 17
Cub{34) z:m(loog paste 325 30 800 11
cu0(40) Zno{100 paste 350 20 860 13
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The data indicate sgain that catelysts composed of zine oxide and
oxides of copper have decided adventages for the catalytioc oxidation of
alcohols. The cuprous oxide was slightly more effective than the cuprie
oxide and was most effective at lower temperatures. The most favorable
temperature was about 270° C, which is ths temperature reported by
¥MeAllister and de Simo (1536) as being most favorable for the eatalytie
oxidation of 2,3-butylene glycols The patent of Hecillister and de Simo
states that higher ylelds of diacetyl are produced when oxygen is added
to the emount of not more than one mol psr two carbincl groups. The
date in Table XVIII Indioate that oxygen to the extent of only one half
mol per two carbinol groups ie as effective as one mol of oxygen per
two earbinol groups. Air {low of 400 ml, per minute corresponds to one
half mol of oxygen per two ecarbinol groups when the time for & rum is
20 minutes, The yields using 400 ml. of air pér ninute were as high ns
vields ohtmined when using 800 ml. of air per minute.

The patent of MoAllister snd do Simo ecleims thet acetylmethylcarbinol
is also formed in this resction. Various attempts were made to isolate
this compound but feiled. It may be thet the acetylmethylearbinol formed
congtant bailing_mixtures with other materials present. In eny case,
distillation falled to yleld any material which might indicate appro-
eiable ylelds of mcebylmethylearbinol,

Othor catalysts were investigated for the purpose of attempting to
duplieate results claimed in the patent of McAllister and de Simo and

to find a more efficient catalysts The resulte are listed in Teble XIX,
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Table XIX

Catalytic Oxidation of 2,3~Butylene Glyccl to Diaesetyl

2Z.0 prams of £ 5-Dutylene glycol used in each run

¥ethod of emp., Time, Air flow, Diacetyl
Catalyst ?rqparaticn °¢. min, ml, per mine. %
V,0g(14) Zn0(100) psste & decomp.® 240 50 300 10
Vo05(14) Zn0(100) paste & decomp,® 260 40 400 13
V,0.(14) 200(100) paste & decomp.,™ 325 30 430 11
V205(14} Zn0{100) paste & docomp.® 385 35 430 1
Crgﬂa(zﬂ) Zn0(100) paste 320 40 400 14
Zn0 peste 275 30 400 16
Zn0 paste 350 30 400 10
Cu on earbon depe & red.g 250 30 80O . 8
Cu on earbon dep. & rod.b 278 20 800 1
Cu on earben dep. & reod. 300 30 800 0
Cu on asbestos  dep. & red.’ 325 %0 400 1
Cu on ssbestos deps & rede 378 30 400 14
Cu on Zn red,® & dep. 300 30 400 845
Cu on Al dep. & red.% 300 30 400 5
Brags turnings 80 33 420 11
Cu reduetion: 300 30 800 14
Cu reduction 350 30 50O 8.5
Cu mduction; 400 30 800 trace
Cu reductionf 300 30 400 15456
Cu reduction 350 30 400 14
a8

Decomposition of enmonium metavenadate at 300° C, in presencs of air.
Deposition of cuprie scetats by eveporation of a ocupric acetate solution
followed by reduction.

¢ Zinc pelleis added to cupric acetate solution; zine displaced copper
from solution and the surface of the xinc was partially comted with
eopper.

d Aluminum pellets were ground with cuprie scetate, which coated the pal~
loets; the cupric acetate was then reduced with hydrogen at 300° C,

® Copper in wire form was coated with cupric acetate, which was subse-
quently reduced with hydrozen et 300° C,

£ Copper turninge costed with Cu(OII)2 which was subsequently reduced with

hydrogen at 300° C,

b



Yields claimed by MoAllister and de Simo (1936) wers somewhat higher
then realized in this investigation. For the copper catalyst which was
made by the reduction of oupric oxide wire they claimed yields of about
45 per cent diaecetyl and 33 per cent dimethyl ketol, or escetylmethylecer-
binol, The copper catalysts used in this inveetigation produced yields
na higher then 16 per cent, asnd no acetylmethylemrbincl was detected. The
zinc oxide-euprous oxide catelyst epproached the copper ocatalyst used by
HehAllister and de Simo as regards yields of diacetyl, tut ylelds of acctyl-
methylesrbinol wwre not appreciable,

The wvarious copper catalysts were prepared in order to attempt to
find a catelyst as active ms McAllister and de Simo's material, In spite
of the many differeont methods of preparation and in spite of the uss of
different carriers, the copper catalysts used in this investigation were
not sspocially sotive, Furthermore, the patent c¢lsims that brass turnings
are affective for the catalytic oxidatlion of polyhydrie alcohols, but the
brass turnings uaeé in this investigation produced yislds of only 11 per
cent of theory. On the baeis of data included in Tables XVIII and XIX,
the zinc oxlde~copper oxide catalysts are the most effective for the cat-

alytic oxidaetion of 2,3-butylene glycol to dimcetyl.

ﬁiacatyl in resins,

The possibility of utilising diacetyl in synthetlec resine was ine
vestigated in & fow exploratory expefimsnta‘ Macetyl was mixod with
glyoxal (40 per cent solution) in sguimolar quantitles, end the pH was
aéjustoé to 8.0 by means of sodium carbonete. The mixture was stirred

vigorously and the tempsrature ross spontanecusly to 35° C. After & time
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the mixture bscame homogeneous and wae set aside for 24 hours, The con-
densation product was extracted from water by means of ether, which was
subseguently removed by distillation, The residue in the distillation
flask was very viscous. It wes placed in an oven at 100° C, for 40 hours
after which it had become solid and somewhat dark colored, althoush it
had not carbonized. The solid wes soluble in alcohol, vroducing e solu-~
tion which was somewhat like wvarnish. Upon spreading the solution over
s surface and allowing to dry, & zlossy coating wes produced, The mater-
ial was somewhat solubls in water, however, end as such would not be
suitable for varmish, However, esterificetion of the alcohel groups,
present after condensation of the dialdshyde with the diketone, by such
agents s phthealic anhydrids would reduce the solubility and might yleld
a substencs mors suitable as s varnish. The material without modification
was quits stable to heating and rainteined a hard coating on metal hsated
to & temperature of 110° C,

The possibility of condensing formaldshyde with dlscetyl was also
investigated. Two hundred twenty five ml. of 40 pesr eent formaldehyde
(2 mols) was nixed with 86 grams (1 mcl) of diacebyl, snd the pH was ad-
justed to 8.0 by means of scdium carbonate. The condensation wes so rapid
that the tem@aratute rose to approximately 75° C. in spite of cooling the
resction flask with water, and a small emount of ecld was added to de~
creaso the rate of condensation, The mixture was sllowed to stand over-
night, and on the following day was extreetsd with ether. ZRemoval of ths
ather left & viscous liguid, The licuid decomposed cn mainteining at s
temperature of 100° C, However, esterification of the alecoholic hydroxyl

groups with phthaliec snhydride produced & seml-solid product.
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Yethyl Acrylate

Hethyl lactate to methyl ecrylate polymer.

An stitempt wes made to prepare methyl acrylate from methyl lactate
using a variation of the method which involves pyrolysis of the acetate
of methyl lactate, In this work, the possibility of utilizing pheospone
reather than ecetic acid as the esterifying egent was investigsted. While
the results invelving pyrolysis of the carbonate of 2,3-butylene glycol
had not offered any encouragement it wes considered that the difficulty
in that particulsr pyrolysis was due to the fact that the glycol had formed
a cyelic cerbonate which was very stable fto heating, Hethyl lactate, on
the otheor hand, could form mo such cyolic carbonate and the carbonate of
methyl lactate would probably be less stable to heat,

Twenty five grams of methyl lactate was mixed with san equal weight
Qf phosgene and wes placed in & dry lece bath overnight. Ko reaction occur-
rad, The flask was attached to & reflux condeneer maintained st -8° C,
and the contents were heated to ebout 30° C, Phosgens not condensed in
the roflux condenser was caught in & dry ies trap snd returned to the
resction flssk through a dropping funnel, Reeetion took place at 30° C.
end hydrogen chloride wes evolved., The reection mixture wes maintained at
30° C. for several hours =nd was then heated to 100° C, for one hour. VYery
coplous ewlublon of hydrogen chloride was observed during the latier per-
icd., Distilletion yielded products beiling from 70° C, to 215° C, without
any constant boiling point but with very definite assurance that recction

had taken pleee. A small residue which feiled tc distill turned solid



upon cooling to room tempersture.

A gounter-surrent, phosgene-methyl lsctate run was wede tc determine
if the monomeric methyl scrylste ocould be isolated. The apparatus which
had been used for the production of butyleme glycol carbonmie wes also
used for this run. The temperature was mmintained at 70° C., the gageous
phosgene flow was maintained at 200 ml. per hour end the methyl laotate
flow wes mainteined at 47.5 ml. per hour.

The product % the bottom of the furnece was colored a slightly
brownish yellow, The product was refluxed for eight hours at 100° C,

The gesss evolwved were bubbled through sodium hydroxide solution from
which carbonates had been removed by addition of barium hydroxide. Gas
was evolved at 100° C, continucusly, aud a precipitate formed in the
sodium hydroxide golution. The precipitete wes barium cerbonate and upon
treating the precipitste with seid, carben dicxide was evolved.

The product was then heated to 150° C, under total reflux for 20
hours. A4t the eund of this time, the mixture wes subjiected to distillaw
ticn, and agein the meteriel distilled over o wide rangs. The residus was
very viscous, somswhat darkened, and could not bs distilled. 1t is thought
that this materisl was & methyl acrylate polymer. The yleld of this mater
inl was 40 per cent of theorstical. |

Attempis to prepare monomeric methyl serylate were unsuccessful,
Daring the long heating poriods, the mononer evidently polymerized. The
axtremely noxious vapors arising‘during the heating poriod mmde direct
digtillation without previous heating somewhat difficult. However, a dig-
tillation mede irmedistely afier the counter-current resction failed to

yvisld methyl serylate, and the material beiled continucusly through a renpe
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of almost 150° C. FRedistillation of this materiasl left & residue which
could not be distilled. Very probebly this residue sgain was methyl eery-
lete polymer, which hed previocusly distilled as monomsric methyl acrylate
at a temporature sbove that at which it nermelly distills beeause it hed
been formed from the ehlorocarbonate at & temperature higher than its nor-
mal boiling point,

The polymer had some rather interesting properties. Preliminary tests
indicsted that it eould be used as & baked enamel type resin, It wes very
adhesive and joined paper to paper very strongly and also acted as e bind~
ing egent for gless to glass. It had the disadvantage of becoming quite
fluid at relatively low temperatures., However, hardness could be improved
by addition of a small percentage of allyl aerylate, & procedure which is
fairly common preectice, The resin was impsrvious to water but was soludle

in aleochol,

DiSCUSCIOR

Butediene

The posseibility of direct dehydration of 2,3~huﬁylene glycol to buta=-
diene is seriously questioned on the basis of the experimentis amede during
this investigation. The first obstacle iz the ready formation of methyl
ethyl ketone, probsbly by ketonirzation of an emol form. Once methyl ethyl
ketone has been formed, there is little possibility of direectly produeing

butadiene from that particuler molecule. While methyl ethyl ketone has
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been used ms & source of butadliene, the reactions involved are so numerous
that the process loses practicability.

The second obstacle s sugyested by the reported difficulty of dehy-
drating uneaturated aleohols, such as methylvinylearbinol. This compound
is very probebly en intermediate in the formation of btutadiene-1,3 from
2,3-butylene glycol, and Dumoulin (1926) stated that butadiene ylelds of
only %5 per eent were produced by dirsct dehydration of methylvinyleare
binol, and the reactlon was furthsr compliocsted by rearrangement of the
moleculs., 4 few runs were made in order to check this gtatement snd butaw
diene ylelds of about 850 per cent were realized. So it ssems that & ocom-
bination of circumetances renders the direct dehydration of 2,3~butylene
glycol to butadiene=l,3 very difficult.

The indirect dehydration of 2,3-butylene glycol using the cerbonate
or the ronomethyl derivative of the glyecol was not enecursging., However,
the production of the cerbonate by the counter-current method mey have
considerable interest. The carbonste, which could be mmde quite chesply,
mizht find considerable application as » plagticizer for various resins,
inecluding nitroeellulose and cellulose acetate. The compound is high
boiling, inscluble in water, very stable to light end heat, very faint in
odor, colorless, and & good solvent for nitroesllulose and eellulose ace=
tate, charmcteristics which are ideal for plasticigers. In addition,
earbonates in gensral are less readily hydrolyzed than the ordinary typs
of ester, such as phthalate and acetate esters, both of which are used ex~
tonsively as plasticizers. In this connection, the reection product of
glycercl and phosgene might be even more favorable, sinee it would probably

be higher boiling then the zlycol carbonate,
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Hethyl Vinyl Ketoue

The polarographic method of analysis described in this investigation
would be appliocable in the enalysis of many complex mixtures met in cata-
lytie oxidation remctions, In particular, unsaturated aldehydes and kew-
tones could be reesdily determined in the presence of the corresponding
seburated compounds. Very possibly such mixtures might be analyred also
by spéetraphotomstrie methods, but it is doubtful if the amcourscy and emse
of such & method would be comparable to the polarographic method.

The production of methyl vinyl ketone was very enccuraging when using
methylvinylearbinol as a starting material., The fact that ylelds of &0
par cent and above were raalizéd in spite of insbility to remove the heast
of reaction suggests that the ylelds might be excellent when indusitrial
catalytie veper phase oxidation epparatus, which is constructed sc that
a8 given tenperature can be maintsined, is used, The cupric oxide~zine
oxide catulyst ig evidently an excellent one for this resction. It was
effective et a temperature of only 250° C. which is considerably lower
than the tempersture suggested by Groll and dedeng (1836) for their eop-
per catalyst. It 1s considered that catalysts which are effective st
lowor temperatures would give rise to less combustion to carbon dioxide
and water and hence would produce higher ylelds of methyl vinyl ketone.
¥oreover, the zine oxide-cuprie oxide eatelyst is very easily prepared
and could he regenorated sasily by merely powdering the catalyst, igniting
tc remove carbom, and roforming into proper shape by the “paste™ method.
Howsver, it does have the disadvantage that the oxides ars not good con-

dustors of heat, and the problem of mainteining e given tempersture in aﬁ
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industrial procese would be more difficult than ie the cass with metallic
eatelysta, such as copper or silver,

The experimants on the production of methyl vinyl ketone from acetyl=-
methylearbinol and from 2,3-butylene glycol were mot too successful, Howe
ever, in the case of acetylmethylcarbinol, it is of interest to note the
extreme ease of oxidation of the compound at high temperatures. This cbe
sorvation should merit the attention of future workers who may attempt the
dehydration. Many catalysts commonly used in dehydrations are reduced by
acetylmethylearbinol atvhigh temperature, and the choice of catalysts will
be limited becmuse of this feet, It is felt that the phosphets catalysts
deserve more attention, should acetylmethylearbincl become aveilable in

largor quantity.

Discetyl

The produetion of diacetyl by ocatzlytic oxidation of 2,3-butylene
glycol may be of interest should dleecetyl find more extensive use. The
ylelds preduced in this investigation were only 40 per cent of theoretical
on & single pass. The patent claims of McAllister and de Simo (1938) are
approximetely the same, but the patent in addition cleims that acetylmethe
ylcerbinel is produced along with the discetyl and in approximately equal
amounts, This claim, if confirmed, would indlcate a cheap seurcs of di-
ecetyl, since acetylmethylcarbinol cen be converted to diacetyl quite
readily. One might have difficulty in purifying the product, since diece~
tyl forms constant bolling mixtures with most of the common orgenie sol-

venta, but the sctual preduction could probably be improved, until excel-
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lent yields were obtained.

The resins produeced using condensation products of diacetyl and ale
dehydes would bs very interesting frem a chemical viewpoint, although
commorcislly they might not be feasible at this time. The resins of diel~
dehydes and diecetyl would contain two hydroxy groups and two keto groups
for sach mclecule of diacetyl and dialdehyde condensed. The possibilities
of modification of this resin would be tremendous. Either by esterifica-
tion of the hydroxyl groups or by conversion of the keto groups, one might

produce many interesting and useful resins.

Lerylates

The comversion of methyl lectate to & polymer of methyl mcrylate by
use of phosgene deserves further investigation, The use of phosgens for
any chemieal resmetion hes some wvery chvious disadvantages, first, the
toxic nature of phosgene, and sscondly, the loss of phosgens ss reection
products. Another disadvantage is the inability to obtain the monocmer so
that the eéntr@l of polymerization is not as complete az desirable, How=
ever, this disadvantege might be overcome., On the other hand, the use of
phosgens has certain edvanteges over the mesthod amploylng methylokacetoxy~
propionate. The pyrolysis products, when phosgene is used, ars hydrogen
chloride and ecarbon dioxide, neither of which is corrosive et high tempe
erature, 1f dry. This is in contrast tc the pyrolysie of acetoxypropionete
which gives rise to acetic acid, which is highly corrcsive at high temn=~
eratures. HNoreover, the tempersture of pyrolyeis is evidently much lower

when phosgene is used,



- 79 o

Another possible synthesis of acrylie acid and its derivatives is
suggested by the success sncountered in the catalytic oxidation of methyle
vinylearbinol, By catslytic oxidation of ellyl aleochol, & chemical which
probably will be relatively inexpensive, acrolein snd/or acrylic acid
ghould be produced. Very possibly acrylic acid might be prepared cheeply
enouzh by this process to compete with acrylic acid msde by customary

moethods.

Puture Utiliszseation of Fermentstion Products in Elastomers and Plastics

It ig difficult to predict the future of fermentation producte in
the elastomer industry. The uncertainty regarding the position of the
elastomer industry itself efter the war renders the positlon of the sources
of reaw materisls for that industry uncertain., Howsver, there is every
reason to Tesl thet the alcohol industry will supply a generous portion
of the raw materisl for butadiene at the close of the war. The ability
of the butylene glycol dimcetate process for preparing butadiene to com=-
pete with the alecohel process is questionmadle.

leactie 2eid will very probably enter into the elsstomer and resins
field more extensively, Its conversion to morylates has been thoroughly
investigated, and it has been used to modify glyptal type resine, in which
case it esterifies the polyhydric aleohol without changing the number of
hydrexyl groupe present.

Butyric 2cid has been used extensively in celluless acetate butyrate
plastics, which are displacing cellulose acotate plasties in many instances,

Undoubtedly with inereased demands, the fermentetion industry will exploit
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the butyric acid fermentation.

The polyvinyl butyrals, used in safety glass and as a bonding resin,
mey utilize another fermentation product, butyl alecohole The butyl slco=-
hol from the butyl-acetonic fermentetion could be conwerted to butyralde~
hyde quite readily, snd subsequent reaction with polyvinyl alcohol would
yileld the wvaluabls polyvinyl butyral. In addition butyl alecchol is used
extensively in the production of verious butyl esters, including the
phthalate and citrate esters, which are amonz ths leading plastieizers,

In the alkyd type resins, fermentation produets should find a con-
siderable outlat, Polyhydric alceohols are not produced by fermertetlions
to any great sxtent, although the glycerol fermentation has been studied
extensivelys. On the other hand, citrie seid with three carboxylic groups
iz an important fermentetion product, This acid'should be capable of
forming throe dimensional polymers with glycols, such as 2,3«butylene pgly-
eol, C. Plfigzer snd Company now sells fumaric acid within the price range
necessary for & raw material for synthetic resins, end this unseturated
acid wﬁuld produce thrse dimensional polymers with polyfunectional alcoholse.

Plasticizars for synthetic rubber and resins may also prove to he an
ocutlot for fermentation products. C. Pfizer and Company alreedy adver-
tises various citrates for use es plasticlizers. It is felt that the care
bonate of 2,3«butylene glyeol might find appliestion &s a new plastielizer,
perhaps for use with Bune ¥ rubber which employs considerable quantities
of plastioizers of the ester type.

With the great demand for the many and varied types of compounds used
in elastomers and resins, the fermentetion industry will undoubtedly eonw=

tinue to contribute chemicals needed in that fleld., Hore extensive re=-



search leading to the production of chemioals useful in the elestomer and
resine field is necessary, if the use of fermentation products in this

rapidly growing industry is to be expanded.
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SUHMARY AHD CONCLUSION

1. The direct dehydration of 2,3-butylens glycol tc butadiene has besen
found to be very difficult, and ylelds of only 10 per cent or lowser have
been obtained. |

2. The indirect dehydration of 2,3=butylene glycol involving the py~
relysis of the monomsthyl derivative snd the inner cerbonate of 2,3-
butylens glycol has proven unsuecessful, The production of the csrbonate
using the counter~current prineiple with phosgeone has been ghown to be
entirely praetical, and utilization of the carbonate as a new plasticizer
hag been suggested,

3. The polarographic method of analysis of methyl vinyl ketone and
discetyl in mixtures hes been developed and shown tc be a very quick, ace-
curste method of analysis.

4, Hethyl vinyl ketone has been produesd in ylelds of 65 psr cent of
theoretical by estelytic oxidation of methylvinylearbinol, end 2 new cate
alyst for catalytic oxidations, cuprlic oxide on zine oxide, has been do-
veloped. 2,3-Butylene glycol hes been converted to methyl vinyl ketons,
but pcor yields were realized, Acetylmothylesrbinol hes alsc been con-
verted to methyl vinyl ketone in rather poor yield. Attention hes been
callod to the merked reducing ability of acetylmethylearbinol at high
tempersture, end its conasquent action on many of the usual dehydration
eatalysts including Wg, ﬁé&s, and RhHSO4.

6. Diacetyl has been prepared by the catalytic oxidation of 2,8«

butylene glycel in yields of 40 per cent. Dimcetyl was used along with
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glyoxel in the formation of e condensation type polymesr containing hydroxyl
groups and earbonyl groups. Various ways in which this polymer could be
modified have been sugrested.

8« Mothyl lactate has been converted to & polymer of methyl aecrylate
by the action of phosgene end heat. The mechanism of this reaction has

bhesn discussed.
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