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CONTINUOUS PROCESS for ACETYLATION of
2,3-BUTYLENE GLYCOL

HE development of a commercially feasible process for the
Tproduction of 1,3-butadiene from 2,3-butylene glycol de-

pended largely on the adaptation of each step to continuous
operation. It has been shown (4) that the pyrolysis of the glycol
diacetate is a more efficient route to butadiene than the direct
catalytic dehydration of the glycol. The pyrolysis operation, the
separation and purification of the butadiene, and the recovery
and rectification of the acetic acid and by-products (6) were all
readily adaptable to continuous processing equipment. The
conversion of the glyeol to its diacetate by continuous methods,
however, required a more detailed investigation. Continuous
esterification processes now in commercial operation are confined
almost wholly to the manufacture of esters which can be removed
from the reaction mixture by distillation. Since 2,3-butylene
glycol diacetate has a boiling point of 193° C. and its water azeo-
trope (boiling point, 99.5° C.) is not readily separable from acetic
acid, its manufacture was not adaptable to these systems (3).

ESTERIFICATION REACTIONS

The mineral-acid-catalyzed acetylation of 2,3-butylene glycol
may be illustrated by the following equation:

H,80
CH,CH—CHCH; + 2CH;COOH -——; CH;CH—CHCH; + 2H,0

é)H H CH,CO COCH; 1).

This reaction probably proceeds in two steps with the intermedi-
ate formation of the glycol monoacetate which is found to be
present in the acetylation mixture in an amount inversely propor-
tional to the degree of completion of the reaction.

In addition to the main acetylation reaction, several side reac-
tions may also occur. A small amount of methyl ethyl ketone is
always produced, and prolonged heating of the esterification mix-
ture results in the formation of some butadiene and tarry decom-
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A practical continuous process for 2,3-butylene glycol
dlacetate consists in feeding the glycol, along with a
catalytic amount of sulfuric acid, into the top of a reac-
tion column while introducing a continuous stream of
glacial acetic acid into the base of the coluran.: Tempera-
tures of 140-160° C. are maintained in the zone between
the feeds. The column distillate, consisting of acetic
acid, water, and traces of methyl ethyl ketone, is dehy=
drated in an auxiliary column, and the acetic acid returned
to the esterification feed. The base product from the re-
action column consists of glycol diacetate, acetic acid,
and sulfuric acid esters of glycol. This mixture is sepa=~
rated by vacuum fractional distillation, the acetic acid
and sulfurlc acid esters being returned to the esterification
column as feed and catalyst, respectively. The glycol
diacetate so produced is of high quality and suitable for
conversion to butadiene by pyrolysis. 2,3-Butylene glycol
diacetate is produced in 97% yield; 3% of the glycol is
converted to methyl ethyl ketone, and the excess acetic
acid is recovered quantitatively. This procedure has been
found applicable to the production of other high-boliling
acetates.

position products. These by-products probably result from the
thermal decomposition of the sulfuric acid esters, formed by the
reaction of the acid catalyst and the glycol, and may be explained
by the following equations: =

CH,CH—CHCH,

— CH:COCHgCH: + H2804 (2)
H OSO;:H
CHa(iJH—OHCHs
HO,S0 SO;H A .
or -} = CHy=CH-—CH==CH, + (1 or 2) H.S0,
CH;CH——(IJHCH, ' _
0o /O
6,

Both of these side reactions occur to a certain extent under all
conditions, but are minimized by conducting the esterification
as a continuous rather than a batch operation. Under controlled
conditions the conversion to methyl ethyl ketone does not ex-
ceed 3%, and the formation of butadiene can be almost com-
pletely prevented. The latter occurs only when the reaction
mixture is subjected to prolonged heating or when the tempera-
ture is raised to 170° C. or above. This reaction is always ac-
companied by the formation of charred and tarry decomposition
products and does not represent a satisfactory method of pro-
ducing butadiene, The production of butadiene during the
esterification is particularly undesirable because it is difficult
to collect and purify, its formation represents an inefficient utili-
zation of the glycol, and the accompanying decomposition prod-
ucts complicate the purification of the esterification products.

BATCH INVESTIGATIONS

The acetylation of  2,3-butylene glycol by batch processing
methods was studied on both the laboratory and pilot-plant scale.
The results of these studies were later used as a guide in develop-
ing the continuous process. Laboratory investigations showed
that the reaction between the glycol and acetic acid proceeded
rapidly to equilibrium (established at about 45% conversion to
the glycol acetate) when heated in the presence of the usual
esterification catalysts. Continuous removal, by an entrainer
system, of the water formed during the reaction served to carry
the reaction to about 909 completion within 4 to 5 hours. Ef-
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fecting the last 7-109%, of the reaction required 2 to 3 hours at
the temperature of the refluxing reaction mixture.

Of the various catalysts studied, sulfuric acid and p-toluene
sulfonic acid were the most effective in low concentrations. Sul-
furic acid was chosen since it gave a satisfactory reaction rate at
concentrations of 1-1.5%, of the weight of the glycol, whereas 3%,
of p-toluene sulfonic acid was required. The availability and
low cost of the sulfuric acid were also taken into consideration.

While the esterification reaction proceeded slightly faster at
high ratios of acetic acid to glycol, completely satisfactory re-
sults were obtained on a batch scale by operating at a ratio of 2.5
moles of acetic acid to 1 mole of glycol.

Entrainers were evaluated on the basis of their water-carrying
capacity and on their efficiency, in so far as loss of acetic acid in
the removed water was concerned. Benzene and toluene re-
moved water satisfactorily, but their use entailed some loss of
acetic acid since both also form azeotropes with the acid. Iso-
propyl ether and petroleum ether were eliminated on the basis of
their low-water carrying capacities. Isopropyl acetate, n-propy!
acetate, and n-butyl acetate gave the most promising results.
Of these, isopropyl acetate was selected for the batch investiga-
tions. Its: azeotrope carries sufficient water to balance the
rate of water formation and its separation from acetic acid is
readily accomplished. n-Butyl acetate was not satisfactory for
batch work since the rate of water production during the latter
stages of the reaction was not sufficiently high to maintain the
azeotropic composition with a fixed amount of entrainer. As a
result, acetic acid became the lowest-boiling component of the
system and was removed as distillate to a considerable extent.
n-Propyl acetate was not available in sufficient quantity for this
work. Preliminary ‘investigations indicated, however, that it
would be satisfactory. S

LABORATORY PROCEDPURE. The reaction flask was charged with
1 molar part of glycol, 2.5 molar parts of acetic acid, 0.016 molar
part of sulfuric acid, and 0.5 part by weight of isopropyl acetate
per part of glycol. The flask was equipped with a thermometer
well and a packed fractionating column, The top of the column
was connected to a condenser and decanter system. The de-
canter was adjusted so that the top, or entrainer layer, was
continuously returned to the column as reflux, and the bottom,
or water layer, was collected in a graduated receiver. The reac-
tion mixture was heated to a vigorous boil, and the progress of
the reaction was followed by noting the rate of water produc-
tion. In the laboratory studies 6 to 8 hours were required to
complete the reaction of a 10-gram-molar charge, as indicated
by the cessation of water production. In every case the reac-
tion was about 909, complete in the first 4 to 5 hours, and the
’ remaining 2 to 3hours
were required to com-
plete the reaction.
During this latter
period some darken-
ing of the reaction
mixture and some
butadiene formation
were noted. The tem-
perature of the reac-
tion mixture gradu-
ally increased during
the course of the run
from about 110° to
140° C.

At the end of a run
the sulfuriec acid
catalyst was neutral-
ized by the addition
of an equivalent
amount of erystalline
sodium acetate. The
precipitated sodium
sulfate was removed
by filtration, and the
filtrate was fraction-
ally distilled. The
isopropyl acetate-
acetic acid mixtures
were analyzed and re-

: 7
Figure 1. Unit or Plate of Labora-

tory Continuous = Esterification
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Laboratory Esterification Column

Figure 2.

used in subsequent charges. The fraction distilling at 190-193° C.
under stmospheric pressure was snalyzed for purity ss diace-
tate. In most instances this fraction was 98-99% pure, the
other 1 to 2%, being the glycol monoacetate.

In s series of laboratory runs the yield of diacetate averaged
979 of theoretical; the acetic scid recovery wrs quantitative,
but some isopropyl acetate loss was encountered due to its partial
hydrolysis and the removal of the isopropyl alcohol, with the
water, from the system,

Proor-Prant Procepure. On the basis of conditions de-
veloped In the laboratory studies, diacetate, for use in pilof-piant

yrolysis studies, was produced in a 15(-gallon cnamel-lined
jacketed kettle equipped with a circulating-oil heating system.
The column used on this kettle was consjructed of cofpper and
packed with stoneware Raschig rings. The vapors from this
eolumn were condensed and run to a glass decanter from which
the entrainer was returned to the column, and the water was col-
jected in a eontaimer mounted on a scale. Charges of 1.5 to 2.0
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pound-moles of giycol were esterified in this equipment. The
rate of hent transfer in the kettle was quite slow, and 24 to 30
hours were required to complete the reaction. Even after water
production ceased, the reaction mixture still contained the equiva-
lent of 4 to 5% of glycol monoscetate. In order to produce a
diacetate of satisfactory quality for pilot-plant pyrolysis, it was
necessary tO complete the reaction with acetic aphydride. This
was done after the catalyst had been neutralized and the charge
fitered. The filtered charge was analyzed and the percentage of
monoacetate caleulated. Acetic anhydride, sufficient to react
with all of the mononcetate and any water present, wae added to
the eharge in & 50-gallon enamel-lined bateh still. The charge
was heated to 140° C, for an hour and then fractionaily distilied
under reduced pressure. The diacetate was collected after the
acetic acid content of the distillate was less than 1%. The
distilled diacetate produced by this method had a purity of 89.5-
100%. All foreshots were charged back into subsequent charges
or refractionated. Ap(fmximat,ely 1500 pounds of high-quality
diacetate was produced by this procedure, and yields of 96-979,
were obtained consistently, Acetic acid recoveries were again
quantitative, but the breakdown of isopropyl scetate exceeded
expectations.  The long time required for the pilot-plant runs and
the lnck of facilities for restripping the water produced resulted
in considerable hydrolysis of tﬁe enfrainer.

CONTINUDUS PROCESS STUDIES

During the batch investigations it was shown that the reac-
tion proceeded to the extent of about 909 at a reasonably rapid
rate, but complete esterification, as measured by waler removal,
required a disproportionate length of $ime, 14 seeroed probable,
therefore, that a study of time and temperature fnctors might
result in the establishment of more favorable reaction conditions
which would be applicable to continnous processing methods.

Arparatus. A bubble-cap column, or an intereonnected series
of reaction veasels provided with a means of eontrolling flow rates

100 I

90,

80

70—

I+ Equilbrium Mixtyre Feed~ Small
Excess Acetic Acid And
Entrainer in Column

2 & Eguilibrium Mixture Feed~Large
Excess Acetic Acid And
Entroiner In Column

Percent Conversion
2]
o]

o
o

3 X Eguitibrivm Mixture Fed
Countercurrent To Acetic Acid

40 4 & Glycot Fed Countercurrent To ~ |

6 Moles/ Mole Acetic Acid

5 B Giycol Fed Coundercurrent Yo

20 4 Moles/Mole Acetic Acid —

Pre) IR A N A S S S N B
Feed 3 4q 5 8 7 B o] 10 H 2 B3
Plate No. {HOAC Fend)
12 24 36 48 60 72 84 96 08 120 132
Time « Min.
Figure 3. Conversion-Time Data for Continucus

Esterification of 2,3-Butylene Giycol



September, 1945 INDUSTRIAL AND ENGINEERING CHEMISTRY 875
and temperatures during the various
stages of the reaction, appeared to be the TaBLE I. ESTERIFICATION DaTa
most desirable types of apparatus for Average Composition, %
. . Tenip. of ti- om- Glycol Glyeol
these studies. A column of heat-resistant Sample Boiling z%:ted Free bined  mono- disce- Can-
glass was constructed of an intercon- Source Liquid, *C. H:0 HaSO4 HOAe HOAc acetate tate plete
nected series of units or plates as illus- Acetic Acid-Glycol Molar Ratio, 6 to 1
rated in Figure 1. Distillate - 107 19.55 0.00 78.22 0.56 . 0.81 .
trated in Figure 1 The.se. plates were late 18 108.5 836 0.00  90.53 0.44 . 0.64 .
joined through F 24/40 joints, and the Plate 2 « 8.18 ©0.00  89.93 0.24 . 0.35 .
. . . : ate glyco

d}‘:a“z landtifletf h;‘es We:'ie c%’i)nectteg,wa feed) 116.5 8.00 075 6272 804 17.60 (474 22.50
8nort ien| 8 O ass and ru r ing. glyeo

& glas 1ober tubing Plate 4 .. 5.46 0.75  72.67  7.87 17.82 (3.8 37.83
Each plate was equipped with a sampling o glycol)

: oid s : ate 5 124 4.03  0.75 71.39  11.20  26.95 1.53  52.23
that samples could e withdrawn during B e LR OBE @M omw oW gw g
at sam ate . . . . . .

unples could be withdrawn during Plate 8 069 0,75  24.15 47,43 16.50  57.01  96.35
operation and the contents of each plate lg%a:e (1;0 ig? s g.gg 8.;2 ég‘gg gg 28 12.%§ 9,‘5{‘%5 gi.gg

H H ate . . . . . . .
‘}izmlﬁedlf‘;" analy }sz :tdtl‘;e end of ;’i run. Blate 1l . on 150 023 0.75 2293  51.55  3.87  72.22  96.70
ac. awe w ate c

P 85 heated by & small ring feed 135 0.13 0.75 34.48 44.23  1.44  ©3.20 08.54
burner fitted around the vapor inlet con- Product (pot) 162 0.00 0.77 12.08  60.35 1.14 86.78  99.15
nection from the plate below. The Acetic Acid-Glycol Molar Ratio, 4 to 1
column, made up of twelve such plates, Distillate 101 27.29 67.96 2.00 2.90 (1.85
is shown in Figure 2. Under operating . MEK)

o Plate 18 103
conditions each of these plates held Plate 8 (glycol Not sampled
100 cc. of liquid. By using ten platesin Pli‘::d 118
ion iquid-holdi Plate7 145 0.62 1.15 16.94  50.71  22.70 58.58  83.10
the reaction zone, the liquid-holding Plate 8 0.41 1,15 17.67 ©52.81 12.28  68.406  90.44
T e 1000 o0, ond the flow rate  Flite, gooew ori o fw o omw oew o gw owy
H H : atve . . . . . . .
and residence time were readily calcu- Plate 11 148 0.18 1.15 21.36  52.53 3.35 73.98  97.18
lated. In all cases two or three plates Plate 12 (HOAc
. feed) 133 Not sampled

were installed above the glycol feed plate Plate 13 e 0.18 1.15 42.24  38.65 .10 55.33  98.68
to effect some fractionation of dlstlllmg s‘;%(\il‘ll;:ftl(l:tﬁ)of 153 0.00 0.73 23.09 52,19 1.47 74.72 98.74
vapors. The bm ofthe columu was con~ product llfn(nzlo) 0.00 0.00 26.35 50.78 0.00 73.65 100.00

nected to either a large boiling flask
(Figure 2), containing a catalyst neu-

¢ Plates numbered from top down (Figure 2).

tralizing agent, or to a small flask
equipped with a continuous drain line.

EnTRAINER SysyeM. For the initial experimental work the
plates in the reaction zone were charged with an amount of
acetic acid equal to the molar excess used in batch operations.
After this acetic acid had been brought to a boil, isopropyl ace-
tate was charged to the top sections of the column, A feed, con-
sisting of the stoichiometric amounts of glycol and acetic acid
together with the sulfuric acid eatalyst, was heated for about
one hour to establish equilibrium, and then introduced near the
top of the column. The feed rate was regulated to give a defi-
nite residence time in the column, usually 2 or 3 hours. Boiling
was maintained in each plate and the distillate, consisting of the
water—isopropyl acetate azeotrope, was condensed and run to a
decanter, and the entrainer was returned to the top of the column.
The water from the decanter was collected in a graduate to serve
a8 an estimation of the reaction rate. The mixture obtained
from the base of the column was either réemoved continuously or
collected in a base receiver containing sufficient sodium acetate
to neutralize the sulfuric acid catalyst. Feed rates, temperatures,
and rate of water production were checked at regular intervals,
and samples were periodically drawn from the various plates of the
column to determine the course of the reaction. After standardiz-
ing the operating procedure by & series of trial runs, several
longer runs were conducted in which the feed rate was varied to
determine the residence time necessary for maximum conversion.

In all cases in which an entrainer was used in the system, the
conversion to diacetate did not exceed 94% (Figure 3, curves 1
and 2). Residence times of 2 and 3 hours gave almost identical
results, During these runs the temperatures of the boiling
liquids in the center plates of the column were only a few degrees
above the boiling point of acetic acid. Only the bottom plates
were at a higher temperature. Analyses showed that these plates
had lost acetic acid by fractionation. Attempts were then made
to maintain & higher percentage of acetic acid in the column, but
again the fractionation which occurred and the high reflux ratio
resulting from the recycled entrainer kept the column tempera~
tures too low for rapid reaction,

CoUNTERCURRENT REACTOR SYsTEM. Atwood (I) had shown
that a high degree of conversion was possible by continuously
distilling a mixture of water and acetic acid from the reaction mix-
ture while adding glacial acetic acid to the reaction vessel.
From these data it appeared that a continuous system could be
developed in which an excess of acetic acid was used to remove the
water from the zone of reaction and at the same time provide the
additional driving force to carry the acetylation to completion.

To test this procedure the column was converted to a counter-
current reactor il which a distillate of dilute acetic acid was
removed at the top, and a continuous stream of glacial acetic acid
was introduced near the base. The glycol-catalyst mixture was
fed to the third plate from the top, the two plates above serving
to fractionate the acetic acid—water mixture partially., By feed-
ing a glycol-acetic acid equilibrium mixture countercurrently to
acetic acid and by maintaining a ratio of 6 moles of acetic acid
per mole of glycol, it was possible to raise the temperatures
in the lower half of the zone between the feeds to 140-145° C.
This resulted in a 98% conversion of glycol to diacetate, at a
residence time of 2 hours. On further experimentation it was
found that a feed of glycol and sulfuric acid introduced counter-
currently to the acetic acid gave results equally as good as those
obtained with the equilibrium mixture (Figure 3, curves 3, 4, and
5). The maintenance of a temperature range of 140-150° C. in
the lower two thirds of the reaction zone resulted in 999, com-
pletion of the reaction. It was found that the same degree of
completion could be attained in a 2-hour residence time with 4
moles of acetic acid per mole of glycol instead of the 6 previously
used, provided the temperatures in the reaction zone were held
in the 140-150° C. range. The data on several of these runs,
showing the degree of reaction in the various plates of the col-
umn, are given in Table I and illustrated in Figure 3 (curves 4
and 5).

A material balance on several runs showed excellent yields and
recoveries even though some acetic acid was lost due to slight
leaks which developed in the apparatus during the operations.
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Flow Diagram of Proposed Continuous

Process for the Acetylation of 2,3-Butylene Glycol

The average of these results shows 979, conversion of the glycol
to acetates and a 3% conversion of glycol to methyl ethyl ketone.
The acetate fraction consisted of 999, diacetate and 19, mono-
acetate. The over-all acetic acid recovery, as free and combined,
was 989. The acetic acid losses were mechanical and could be
prevented in plant operation. No butadiene was produced.
RECOVERY OF AcETIC Acip. The acetic acid-water mixture
collected as distillate contained 68% acetic acid, 27%, water, 2%
methyl ethyl ketone, and 3% glycol diacetate. This mixture
was dehydrated in a batch still by adding isopropyl acetate and
distilling the water-entrainer azeotrope to a continuous decanter
which returned the entrainer layer to the packed column. After
the water was removed, the anhydrous mixture was distilled.
The isopropyl acetate fraction contained the methyl ethyl ketone.
The glycol diacetate, which was evidently distilled with the dilute
acetic acid from the esterification column as its water azeotrope,
remained in the anhydrous acetic acid. Since it was re-
tained in the dehydrated acetic acid from the dehydrating column
and returned to the esterification column, no loss was incurred.
Dehydration of the esterification-column distillate by an en-
trainer system can be readily accomplished by the continuous

methods used in the commercial dehydration of acetic acid (6).
The presence of methyl ethyl ketone in this distillate necessitates
an additional operation to prevent accumulation of the ketone
in the entrainer. Using n-butyl acetate as entrainer, the separa-
tion of methyl ethyl ketone is effected by stripping its water
azeotrope (boiling point 73.4° C.) from the entrainer layer be-
fore the butyl acetate is returned to the dehydration eolumn,
PuriricatioNn oF Propucr. The mixture which was con-
tinuously removed from the bottom of the esterification column
consisted of 75% glycol diacetate, 23%, acetic acid, 1% glycol
monoacetate, and 1%, sulfurie acid, combined in the form of gly-
col esters. Two methods of diacetate isolation were investi-
gated. One involved the neutralization of sulfuric acid with
sodium acetate, followed by filtration and fractional distillation.
Under these conditions some solids always remained dissolved
in the filtrate and accumulated in the still. This would be paf-
ticularly troublesome in a continuous system. In addition, any
glycol monoacetate present in the original mixture or liberated
by neutralization of the sulfuric acid esters was left in the di-
acetate, and its. presence was undesirable in the subsequent
pyrolysis step (4). A second method consisted in a continuous
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vacuum distillation of the unneutralized prodnet. By operating
at a sufficiently reduced pressure so that the diacetate boiled at a
temperature lower than that at which the sulfuric acid esters de-
composed, it was possible to remove practically all of the diace-
tate—acetic acid mixture by distillation. The residual mixture
of diacetate and the sulfuric acid esters can be recycled as the
esterification catalyst, since several experiments have shown that
this material functions fully as well as fresh sulfuric acid. This
method has the following advantages over the neutralization
method: It requires no filtration equipment; there are no dis-
solved solids to foul the distillation equipment; when the esterifi-
cation is carried to a high degree of completion, the distillate
contains practically no glycol monoacetate. Fractionation read-
ily separates the acetic acid from the diacetate, or the mixture

may be used directly for pyrolysis (4). Recyeling of the ecatalyst.

residue also serves to prevent the loss of incompletely acetylated
glyeol. The distillation method does, however, require a vacuum
of at least 28 inches to accomplish the separation of diacetate
from the sulfuric acid esters without loss due to charring.

This continuous esterification process was applied to the prep-
aration of ethylene glycol diacetate, methyl Cellosolve acetate,
diethylene glycol diacetate, and glycerol triacetate. Excellent
results were obtained in every case, and application of the method
to the manufacture of a wide variety of industrially important
acetates is indicated. A modification of the method has recently
been applied to the manufacture of 2,3-butylene glycol diacetate
in a column of commercial design by the staff of Joseph E. Sea-
gram & Sons, Inc., who cooperated with this laboratory through-
out the butylene glycol-butadiene investigation (2). It was
found possible to reach and maintain the desired temperature
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in the reaction zone by supplying heat only to the column calan-
dria. When a sufficiently high concentration of diacetate was
produced in the reaction zone and when the temperature neces-
sary for rapid esterification was maintained, a glycol to diace-
tate conversion of 98-999%, resulted during a 2-hour residence
time in the column.

Figure 4 is & flow diagram of the proposed process for acetyl-
ation of 2,3-butylene glycol, developed cooperatively with the
Seagram organization.
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CONVERSION of 2,3-BUTYLENE GLYCOL to
1,3-BUTADIENE by PYROLYSIS of DIACETATE

S. A. MORELL! H. H. GELLER, AND E. C. LATHROP

NORTHERN REGIONAL RESEARCH LABORATORY,
U. S. DEPARTMENT OF AGRICULTURE, PEORIA, ILL.

T he conversion of 2,3-butylene glycol to butadiene by
pyrolysis of its diacetate has been studied over a wide
range of temperatures and contact times. Yields of
829% of butadiene (purity, 99%) were obtained on one-pass
pyrolyses in the temperature range 575° to 600° C. An
additional 5% was secured by isolation and pyrolysis of
the Intermediates left in the pyrolysis liguors. Acetic
acid recoveries of 99% were obtained under optimum
conditions. Methyl viny! carbinyl and crotyl acetates
were identifled as the intermediates of the reaction.
The main by-products were methyl ethyl ketone, methyl
ethyl ketone enol-acetate (2-acetoxy-2-butene), and
methyl acetyl acetone.

inception of this laboratory in 1940 was the development of a
commercial process for the production of 2,3-butylene glycol
by fermentation of carbohydrate materials (21). It was under-
stood that when sufficiently high yields of 2,3-butylene glycol
were obtained to make the process of commercial interest and

1 Present address, Pabst Brewing Company, Milwaukee, Wis.

ONE of the important problems chosen for study at the

when the chemical was available, the development of & process for
1,3-butadiene would be undertaken. Work was actively started
in January, 1942, at which time the importance of producing
butadiene had become a major problem of national defense.

The possibility of direct catalytic dehydration by the methods
in commercial use in Germany for converting 1,3-butylene glycol
to 1,3-butadiene (5) was given first consideration as the basis of a
process, A study of approximately seventy dehydration cat-
alysts under a variety of conditions indicated that this route was
impractical. Highest one-pass yields of butadiene reached 20%
of théory, the main product in every case being methyl ethyl
ketone, which did not yield butadiene under any of the conditions
tried. The predominate tendency to form ketones under de-
hydration conditions is characteristic of compounds having hy-
droxyl groups on adjacent carbon atoms:

catalytic
CH;CHOHCHOHCH; ——————3» CH,CH,COCH,
) dehydration
2,3-Butylene glycol (I) Methyl ethyl ketone (1I)

Van Pelt and Wibaut (14) studied the behavior of a number of

_ acetates under pyrolysis conditions and found that the olefins or



