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acetylation of 2,3-butylene glycol with glacial acetic acid ( I T ) ,  
would be removed a t  only one point in the over-all process; the 
MVC and crotyl acetate intermediates would be recovered for re 
pyrolysis with diacetate, uncontaminated with the nonbutadiene- 
yielding MEK enol-acetate; and the distillation of acetic acid in 
process would be limited to that used 8s excess during the esteri- 
fication. The deposition of tars in the esterification column, and 
the highly complicated mixture of paterials undergoing reaction 
in this column would, however, makc it difficult to maintain and 
control the continuous esterification operation. Although this 
method could undoubtedly be used for batch esterification, the 
advantages of the cuntinuous process using purified acetic acid 
arc obvious. Because of these fftctnrs, this method was not ex- 
plowd in the pilot-plant stndirs. 

ACHNOWLEDCM ENT 

The authors wish to acknowledge the contributions of S. I. 
Aronovsky and H. R. Hay, who conducted the experiments on 
catalytic dghydration; A. H. Auernheimer, who assisted in the 
development and application of the analytical methods; R. T. 
Milner, who analyzed the vent gases; J. W. Knowlton, who in- 
vestigated the distillation of the systems involving acetic acid, 
methyl ethyl ketone, and methyl vinyl carbinol acetate; and L. E. 
Schniepp, who conducted the first experiments on the separation 
of intermediates and by-products from pyrolysis liquors by azeo- 
t,ropic stripping with water. 

LITERATURE CITED 

(1) Beilstein, F. K., Handbuch der organisohe Chemie, 4th ed., 

(2) Ibid., Vol. 5, p. 63. 
Vol. 1, p. 406, Berlin, J. Springer, 1930. 

Brookmann, M. C., and Werckmann, C. H., IND. ENQ. CKEM., 

Clutterbuck, P., and Reuter, V., J. Chem. Soc., 1935, 1467. 
Egloff, G., and Hulla, G., Oil Gas J., 41, No. 31, 49 (1942). 
Gwynn. B. H., and Degering, E. F., J. Am. Chem. SOC., 64,2217 
(1942). 

Hill, R., and Isaacs, E. (to Imperial Chem. Ind.), Brit. Patent 
483,989 (April 28, 1938); U. 9. Patent 2,224,912 (De?. 17, 
(1940) I 

Hurd, C. D., “Pyrolysis of Carbon Compounds”, p. 332, New 
York, Chemical Catalog Co., 1929. 

Iddles, E. A., and Jackson, C. E., IND. ENCX CHEM., ANAL. KD., 
6, 454 (1934). 

Ingold, E. H., and Ingold, C. K., J. Chem. Soc., 1932, 759. 
Karrer, P., “Organic Chemistry” (tr. by Mee, A. J.), p. 234, New 

Morell, S. A., and Auernheimer, A. H.. J .  Am. Chem. Soc., 66, 

Morell, 5. A., and Geller, H. H., “Organic Syntheses”, New 

Pelt, A. J. van, Jr., and Wibaut, J. P., Rec. trav. chim., 60, 55 

ANAL. ED., 5, 206 (1933). 

York, Nordemann Pub. Co., 1938. 

792 (1944). 

York, John Wiley & Sons, in press. 

(1941). 
Posner, T., Ber., 34, 3981 (1901). 
Schniepp, L. E., Dunning, J. W., Geller, H. H., Morell, S. A., 

and Lathrov. E. C.. IND. ENQ. CHEM.. 37. 884 (1945). 

(1941). 
Posner, T., Ber., 34, 3981 (1901). 
Schniepp, L. E., Dunning, J. W., Geller, H. H., Morell, S. A., 

and Lathrov. E. C.. IND. ENQ. CHEM.. 37. 884 (1945). 
Schniepp, L. E;, Dunning, J. W., and Lathrop, E. ‘C,, Ibid., 31, 

Smith, D. M., Bryant, W. M. D., and Mitchell, J., J. Am. Chem. 

Smith, L. T., Fisher, C. H., RatchfoGd, W. P., and Fein, M. L., 

Tropsch, H., and Mattox, W. J., IND. ENQ. Cnmx., ANAL. ED., 

872 (1945). 

SOC., 61, 2407 (1939). 

IND. ENQ. CHEM., 34, 474, Table I (1942). 

6, 104 (1934). 
Ward, G. E., Pettijohn, 0. G., and Coghill, R. D., J. Am. Chem. 

SOC., in press. 

R. D.. Ibid., 66, 541 (19441. 
Ward, G. E., Pettijohn, 0. G. ,  Lockwood, L. B., and Coghill, 

Williams, J. W., and Hurd, C. D., J .  Ore. Chem., 5 ,  122 (1940). 
Winstein, S., and Lucas, H. J., J .  Am. Chem. SOC.. 61, 1581 
(1939). 

PILOT-PLANT CONVERSION of 2,3=BUTYLENE 
GLYCOL DIACETATE to 1,3-BUTADlENE 
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AND E. C. LATHROP 

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

ABORATORY investigations (3) on a process for the manu- 
facture of 1,a-butadiene from 2,3-butylene glycol by pyrolysis 
of the diacetate resulted in development of a small-scale pilot- 

plant pyrolysis unit; in this apparatus the effects of various fac- 
tors, such as time, temperature, and pressure could be investi- 
gated, and optimum conditions for the highest yields and by- 
product recoveries could be determined. Because of critical 
material shortages, the design was the simplest possible which 
would serve to  determine data for larger-scale design. The 
findings of this research were used as a basis for operation in the 
2000-pound-per-day pilot plant of Joseph E. Seagram & Sons, 
Inc. 

The pilot-plant pyrolysis unit (Figure 1) consisted of a gas- 
heated lead bath in which interchangeable pyrolysis coils, having 
production capacities of 20 t o  100 pounds of butadiene per day, 
could be immersed. The glycol diacetate to be pyrolyzed was 
pumped from a weigh tank by a proportioning pump to a vapor- 
izer which was connected to  the inlet of the pyrolysis coil in the 
lead bath. The outlet of the pyrolysis coil was connected through 
a %foot section of ’/%-inch I.P.S. (iron pipe size) pipe to  the base 
of a jacketed column where the butadiene was separated from 

1 Present sddreas, Pabst Brewing Company, Milwaukee, Wie. 

condensed acetic acid and other liquid pyrolysis products. These 
pyrolysis liquors pmsed through a U-trap a t  the base of the 
column, and were collected in a tared receiver mounted on a scale. 
The butadiene and small amounts of other gaseous products 
from the head of the butadiene separating column were washed 
with water in a small scrubbing tower to remove traces of en- 
trained acetic acid. The gases then passed through a tower 
packed with caldum chloride to remove moisture. The dry 
gases were picked up by a compressor, through a pressure control 
valve, and the butadiene, compressed to 38-40 pounds per square 
inch, was condensed and collected in a weigh tank. The gaseous 
by-products, not condensable at rpom temperature under 38-40 
pounds per Rquare inch, were vented from the compressor system 
by a pressure control valve at the top of a refrigerated reflux con- 
denser which was connected into the line carrying butadiene to 
the weigh tank. The weigh tank was vented to this condenser 
to  prevent trapping of noncondensable gases in the tank. The 
volume of noncondensable gases was measured by a wet test 
meter. Samples of the vent gases, butadiene, pyrolysis liquors, 
and glycol diacetate feed were taken for analyses during eaoh run. 
All parts of this unit which came into contact with liquid, or 
gaseous, acetic acid were constructed of stainless steel. 



September, 1945 I N D U S T R I A L  A N D  E N G I N E E R I N G  CHEMISTRY 885 

Pilot-plant studies of the process for produaing 1,3- 
butadiene from 2,tbutylene glycol diacetate by pyrolysis 
have shown that  an 88% yield can be obtained. The 
process consists in pyrolyzing the diacetate a t  695' C. t o  
obtain an 83% conversion t o  99+% pure butadiene. The 
intermediate butenol acetatesare separated from theacetic 
acid of the pyrolysis liquors and repyrolyzed t o  obtain the 
additional 6% of butadiene. Approximately 8% of useful 
by-products are obtained. These consist of methyl ethyl 
ketone, methyl ethyl ketone enol-acetate (2-acetoxy-2- 

butene), and methyl acetyl aaatone, the latter two being 
hydrolyzable t o  methyl ethyl ketone and acetic acid. The 
over-all acetic acid recovery is 99%, and 0.8% of the init ial  
diacetate is converted t o  vent gases. A proposed oontinu- 
ous p r w u  for production of butadiene from 2,3-butylene 
glycroi is  deroribed briefly. The over-all yield and re- 
coveries of by-produats follow: butadiene yield (from 
glyeol), 86.4%; conversion of glycol t o  methyl ethyl ke- 
tone, 11.296 ; acetic acid recovery, 99.6%, and conversion of 
glycol t o  butadiene polymers and vent gases, 3.0%. 

Thermocouples were inserted in the outlet of the vaporizer, 
in the lead bath, in the outlet of the pyrolysis coil, in the line con- 
necting this coil to  the column, and in the base and head of this 
column. The thermocouple in the vapor stream at the outlet of 
the pyrolysis coil was  connected to  an indicating temperature con- 
troller which controlled the lead-bath heating mechanism, This 
arrangement served to  control the outlet pyrolysis vapor tem- 
peratures within 1 2 '  C. The pyrolysis temperatur&s referred to  
later are those measured by this thermocouple. 

Pressure gages were installed at  the inlet of the vaporizer, be- 
tween the vaporizer and the pyrolysis coil, between the pyrolysis 
coil and the butadiene stripping column, and between the drying 
tower and the butadiene compressor. 

This pilot plant was sufficiently versatile to  permit the study of 
pyrolysis conditions over a wide range: production rates up to  
100 pounds of butadiene per day, temperatures up to  700" C., 
contact times as low as 0.1 second, and pressures between several 
inches vacuum and 300 pounds per square inch. 

The contact times referred to in these studies were calculated in 
the same manner as those reported in the laboratory work (9), 
Le., by the empirical formula: 

Contact time (sec.) = (vol. of tubes in ml.) 60 

(&) (s) (g./min. feed) 

I n  the coil-type pyrolysis chamber i t  was not possible to  measure 
the gas temperatures in the various parts of the coil or to  predict 
the exact volume of the reaction zone. A portion of the coil neces- 
sarily served to raise the temperature of the entering vapor to' 
reaction temperature, and obviously the true reaction zone volume 
was not the total coil volume. Since the total coil volume and the 
temperature of the gases at the coil outlet were the only definitely 
determinable factors, all contact time calculations were based on 
these values, The contact times indicate the residence time in the 
total coil length, assuming a constant temperature throughout. 
That these contact time values are relative to each other at each 

Figure 1. Flow Diagrmn of Pilot-Plant Pyrolysis Apparatus 
for Conversion of 2,3-Butylene Glycol Dlaoetate t o  Butadiene 

P.G. - prouuresa#*: T.C. - thwmoeouple 
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Figure 2. Effect of Temperature on Conversion-Con- 
tact Time Data (Jacketed Pipe Cooling System) 

temperature studied is indicated by the uniformity of results ob- 
tained in two coils of different lengths constructed of different 
sizes of pipe. In both of these coils the peaks of the conversion- 
contact time curves, a t  a gas outlet temperature of 595" C., were 
found to  be at about the same contact time. This indicates 
that the portion of the coil required to  raise the entering vapors 
to reaction temperature is proportional to the total coil volume 
in both cases. 

The 2,3-butylene glycol diacetate used in the pilot-plant studies 
was prepared by large-scale batch esterification of t8he glycol (3), 
and was all Q9-100~o pure. 

PYROLYSIS STUDIES 

Orienting experiments were conducted in a pyrolysis coil con- 
structed from a 27-foot length of lja-inch I.P.S. stainless steel 
(18-8-Cb) pipe which had a butadiene production capacity of 
about 20 pounds per day. A series of relatively short runs served 
to establish conversion-contact time data at temperatures vary- 
ing from 575 to  625' C. 

TABLE I. PILOT-PLANT PYROLYSES OF 2,3-BUTYLENE GLYCOL 
DIACETATE AT 585", 595", AND 605" C. 

Buta- Unsatd. Hydro- 
Contact diene Acetate carbon Acetic Weight 
Time, Tsmz,, Yield, Yield, Yield, AcidRe- Recov- 
See. % % 7c covery, % ery, % 
1.57 585 82 7 7 1 8.1 98.1 99.0 
1.49 585 82.6 6.8 8 6 97.4 98.6 
1.33 585 81.5 7.2 11 6 99.6 99.0 
1.44 595 80.2 5.0 12.9 100.2 99.9 
1.86 595 80.1 5.8 11.9 99.4 99.2 
1.25 595 81.7 6.0 9 8 99.3 99.0 
1.16 595 83.9 7.0 7.6 100.0 99.9 
1.04 595 82 6 5.8 10.1 100.2 99.8 
0.891 595 83.2 8.1 6.3 99.9 99.2 
0.912 605 82.2 6.1 10.0 99.4 99.6 
0.792 605 82.4 7.0 8.4 99.4 99.7 
0.681 605 81.4 7.3 9.1 98.9 99.6 

Data at  585O, and 605' C. are given in Table I and 
plotted in Figure 2. These data again demonstrate (9) that the 
pyrolysis reaction of 2,3-butylene glycol diacetate 

rrrovery averaged 99.8, and acetic acid recovery was also 99.8%. 
An average of 0.62% of the total weight of glycol diacetate 
pyrolyzed was converted to noncondensable gases. These runs 
served to  confirm the yields and quality of the butadiene and the 
high acetic acid and weight recoveries that had been indicated in 
the shorter runs. 

For these runs, a water- 
jacketed ljz-inch I.P.S. pipe served to cool the pyrolysis vapors 
going to  the butadiene stripping column. Approximately 0.3 
second was required to cool the pyrolysis vapors from 595O to 
118" C. During this interval some butadiene dimerized (the 
rate of this reaction being quite rapid a t  elevated temperatures), 
and some of the methyl vinyl carbinol and crotyl acetates in the 
pyrolysis liquor pyrolyzed to butadiene. This loss of butadiene 
through dimerization, as well as the pyrolysis of the butadiene- 
yielding acetates under nonoptimum conditions, was undesirable. 
To obtain the highest yields of butadiene, the pyrolysis and poly- 
merization reactions should be stopped immediately &s the vapors 
leave the pyrolysis coil. A spray-quench system, shown in 
Figures 1 and 3, was therefore built into the pyrolysis vapor line, 
adjacent to  the pyrolysis coil outlet. Cooled pyrolysis liquors 
were pumped 'by a proportioning pump through the spray housing 
into the pyrolysis vapor stream. 

A larger pyrolysis coil, made from 45 feet of '/&ch I.P.S. 
high-chrome steel pipe and having a capacity of 100 pounds of 
butadiene per day, was then installed. Data obtained in this 
pyrolysis unit a t  the optimum temperature of 595' C. are given in 
Table I1 and are plotted as the lower curve in Figure 4. About 
0.5% of glycol diacetate remained unreacted in all runs. 

Table I1 shows a substantial reduction in hydrocarbon forma- 
tion over the earlier pilot-plant results shown in Table I. The 
percentage retention of methyl vinyl carbinol and crotyl acetates 
increased correspondingly. The most striking feature of the 
results was that approximately the same conversion to butadiene 
could be obtained under optimum contact time and temperature 
conditions, with or without the spray-quench system, but with 
this system in operation the pyrolysis liquors contained greater 
amounts of the butadiene-yielding acetates and lesser amounts of 
hydrocarbons. This fact indicates that the breakdown of these 
acetates and the hydrocarbon formation substantially balanced 
each other during the time required to  cool the pyrolysis vapors 
in the earlier experiments. 

Figure 4 indicates that the use of spray quenching permits 
closer control of the pyrolysis reaction and greater reproduci- 
bility of results. 

OTHER FACTORS AFFECTING BUTADIENE YIELD. A number of 
other factors were investigated during the course of the pilot- 
plant pyrolysis studies. The most significant of these follow: 

The quality of the diacetate is of particular importance (2). 
The presence of glycol monoacetate is undesirable since this ma- 
terial is decomposed to  products other than butadiene and acetic 
acid on pyrolysis, resulting in a lower yield of glycol to  butadiene. 
Traces of acetic anhydride in the diacetate adversely affected the 
butadiene yield, Aretic acid had no harmful effect. Traces of 

COOLING OF PYROLYSIS VAPORS. 

to butadiene is very sensitive regarding tempera- 
ture and contact time. Maximum one-pass con- 
versions were obtained at 595' C. at  a contact 
time of 1.04 seconds. At this optimum contact 
time, temperatures varying *loo C. from the Buta- Hydro- Free to Noncon- Cumu- 

Contact diene Unaatd. Acetate Yield, % carbon MEK densable lative 
MEX5 MVC Yield, Yield, Yield", optimum of 595 O C. give noticeably decreased con- 

versions to  butadiene. At 585" and 605" C., Seo. % Total acetate acetate % 

TABLP) 11. PILOT-PLANT PYROLYSES OF 2,3-BUTYLENE GLYCOL 
DIACETATE AT 595' C. (USINQ SPRAY-QUENCH SY'BTPIM) 

Conversion 

% % 
Time, Yield, 

but.adiene yields of 81.1 and 77.10/,, respectively, 0.92 75.9 14.23 5.44 8.79 1.28 1.28 0.58 83.37 
1.01 81.62 10.46 4.47 5.99 1.97 1.62 0.69 86.72 are obtained. 1.02 82.09 10.72 4.12 6.60 1.44 1.73 0.56 87.70 
1.027 82.6 11.05 5.11 5.94 1.22 1.35 0.60 87:65 
1.06 82.75 10.31 4.30 6.01 3.12 1.97 0.57 87.86 

made to  establish yield, quality, and material re- 1.07 82.90 12.37 4.82 7.55 0.22 1.41 0.55 89.32 
1.08 82.84 9.79 '4.54 5.25 0.36 1.70 0.59 . 87.31 covery data. At contact timesrangingfrom0.97 to 1.114 81.8 11.00 4.68 6.26 0,63  1.41 0.64 87.12 

Several long runs lasting 30 to 48 hours were 

1.02 seconds, these runs gave an average yield of Approximately 30? methyl acetyl aretone. 
82.1 % of 99% pure butadiene. The over-all weight - 
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Figure 3. Pyrolysis Fum- in Butadlane Pllot Plant, Shewing Pnr  
heater, G.8 HMtlng Suktem, Spray-Quenoh Svnrm. and Butadiene 

Stripping Column 

products averaged 10 to 12%. Therefore, the 
indicated madmum butadiene yidd waa 88 to 
So% of theoretical. 

The best mesm of obtaining the additiond 
butadiene, available on repyrolysis of the inter- 
medistrs in the pyrolysis liquors, waa considered 
from several angles. Since these tiquors consisted 
of about 85% acetic acid, repyrolysis would in- 
volve the handling of lmge volumes of material 
in order to produce an additional 5 to 6% of 
butadiene. A pyrolysis chamber nearly equal in 
Bise to that used for the initial dimtate  pyrolysis 
would be required if this second stage were to be 
run separately. Direct recycling of the total 
liquors to the diaoetate feed wan not desirable for 
two reasons: First, the pyrolysis chamber would 
have to be much larger to a o o o ~ ~ ~ & t e  the 
greator volume of materials hsndled. Second, 
pyrolysis of the nonbutadiene-yielding mmpo- 
nents had shown that these materialsgave some 
breakdown produets which were not readily 
separable from butadiene. For these rernns it 
seemed desirable to separsto the intermediates 
from the bulk of the m t i c  acid and then re- 
pyrolyee these materials in an auxiliary uit. 

I t  had been foudd (8) 
that the intermediatea. bv-Droducts. and acetic 

BAWR SEPA~UTION. 

copper salte dissolved in the diacetate had no harmful effeots 011 
the butadiene yield and quality. There were no deteetehle dif- 
ferences between the results obtain+ from disoetatea prepared 
from the mes+ or levorotatory glycols. 

The effect of preawre in the pyrolysis system waa invastigated. 
Pressure up to 14 pounds per square inch had M noticeable ef- 
fect on butadiene yields. At  80 pounds per squsre inch the buta- 
diene yield was markedly reduced, with a corresponding increm 
in hydrocarbon formation. Stihtly r e d u d  preawres, 5-6 inches 
of vacuum, showed no measurable differwoes as compared wit,%> 
atmosphezic pressures. 

Some data on pressure dmps a c r w  the pyrolysis mil were de- 
termined. With the 27-foot coil of '/&oh I.P.S. pipe, the pres- 
sure differential varied from 1.2 to 1.8 pounds per square inch 
over several months of operation. With the 45-fmt coil of L/,- 
inch I.P.S. pipe, the pressure drop waa 7.0 to 11.8 pounds per 
square inch. In both o m ,  the preawre differential inoreased 
slightly over long periods of operation. This was probably c s d  
by gradual deposition of carbon, although its amount was too 
small to be measured. In  either c m  the preasure differences 
were not of sufficient magnitude to cause signifiosnt vsriat.ionn 
in yield. 

QWALITT OF THE BUTADIENE. The butadiene obtained in 
all of these pilot-plant pyrolysis rum w a s  of excellent quslity, 
99 to 100% pure by analysis. Tents by The Coodyesr Tire and 
Rubber Company showed that it was aatiafactory for aynthetio 
mbber manufacture after simple distillation to remove small 
amounts of dimer snd antioxidaots which had  hem added. 

SEPARATION OF COMPONENTS OF TWE PYROLYSIS LIQUORS 

Laboratory iwwtigstions (e) of the pyrolysis liquora served to 
establish which of the pyrolytic intermediates and by-products 
were capable of yielding butadiene on repyrolysis 80 that, by 
examinstion of the analytioal data, it was pobsible to predict the 
potential yield of hutadiene from the origins1 dimtate. Pilot- 
plant data indicsted that the highest eumulstive yields were ob- 
tained under conditions giving the highest first-pass yields. Ex- 
amination of numerous pyrolysis data from runs under these con- 
ditions showed that, t.he formdon of nonbutadiene-yieldin6 by- 

. .. 
acid of the pyrolysis liquors could be separated 
if some water, not to e x d  25% of their 

weight, was added to these liquors, and this mixture waa distilled. 
Prwticstly & of the nonsoetic acid components boiling below 
150" C. could be removed 88 water azeotropes. Under the con- 
ditions of batch operation, in which the water was added to the 
liquors and distillation carried to B point where the distillate no 
longer separated into two layers, the still residues ooo8isted uf 
about U5% aceti0 acid, 34% of the high boilkg materials, arid 
lO-12% wster. The distillate from this operation separated into 
water snd oil layers. The oil layer w ~ d  dried by distillation of its 
azeotrope to &decanter which continuously removed water from 
the system. The dried oil comprised a mixture of free methyl 
et,hyl ketone, methyl ethyl ketone enol-soetste. methyl viwl 

F l g u ~  4. ENmt of Con- Tlme 
on Butadiene YIeld at 595' C. 

carbinol acetatr, 
crotyl acetatr ,  
s team vo la t i l e  
hydmcsrbons, snd 
lese t h a n  10% 
acetic acid. 

Under batch 
s t r ipping condi- 
tione, about zO% 
o f  t h e  m e t h y l  
ethyl ketone enol- 
aoetate present 
in the  original 
pyrolysis liquors 
was hydrolysed. 
The bulk of the 
butadiene - yielding 
acetates waa re- 
covered unchanged. 
This method was 
used for the re- 
covery of the u- 
eaturated acetatea 
in m a t  of the pilot- 
plant studies. The 
acetic soid &due 
was dehydrated by 
a batch-operated 
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entrainer system, and then used for the esterification of glycol 
by the batch method described in another paper (3). 

Laboratory distillations of the acetic acid residue from the 
stripping operation showed that it was readily fractionated into 
dilute acetic acid, a main rut  of 98-100% acetic acid, and a resi- 
due of high-boiling materials. 

On the basis of these results it appeared that the stripping oper- 
ation provided a means for both the separation of repyrolyzable 
acetates from the acetic acid and the production of a readily recti- 
fiable acetic acid. In  addition to accomplishing the desired sepa- 
ration of the pyrolysis liquors, the stripping operation was found 
t o  be adaptable to continuous operation. This was confirmed in 
both the laboratory and the pilot plant. 

For pilot plant operations a cop- 
per column 6 inches in diameter and 5 feet high was constructed. 
It contained four bubble-cap plates at the top and sixteen perfo- 
rated screen-covered plates. All plates were spaced about 3 
inches apart, The pyrolysis liquors were pumped through a heat 
exchanger, which raised their temperature to  95-100" C., and 
were then introduced into the middle plate oi the column. The 
decanter, attached to  the condenser drain at the head of the 
column, was filled with water, and sufficient water was introduced 
into the column itself to fill the four bubble-cap plates at the top. 
The column was mounted on a 30-gallon kettle equipped with 
steam coils. In  operation the liquors distilling up the column 
contacted the water in the upper section w$ere the water-oil 
azeotropes were fractionated from the acetic acid. The distillate 
was condensed and run to a decanter which continuously returned 
the  water layer to the top plate of the column and drained the oil 
layer t o  a receiver. The stripped acetic acid was removed from 
the base receiver. Table I11 shows the iesults obtained on a 
typical run in the pilot plant column. 

CONTINUOUS SEPARATION. 

TABLE 111. SEPARATION OF ACETATES FROM PYROLYSIS LIQUORS 
BY AZEOTROPIC STRIPPING 

Wt.  of Components in Feed and 
Products, Lb. 

liquor acetate acid wvery, 
Pyrolysis Unsatd. Acetic Re- 

Coniponent feed fraction residues c/o 
-4cetio acid. 36.35 0.33 36.2 100.4 
Unaatd. acetates 4 .96  4.023 0 .80  9 6 . 8  
Free methyl ethyl 

ketone 0.499 0.487 0.00 47.6 
Diaoetate 0.256 0,041 0.215 100.0 

These results indicate about a 3% loss of the unsaturated 
acetates during the stripping operation. The high-boiling ma- 
terial left in the stripped acetic acid consisted largely of methyl 
acetyl acetone. The material removed during the stripping in- 
cluded essentially all of the butadiene-yielding unsaturated 
acetates. 

The pilot-plant column was not efficient enough to produce an 
anhydrous acetic acid sdution of high-boiling materials as the 
base product, Fractionation of this material through another 
column gave a first cut of dilute acetic acid and a main fraction 
of 9$-100% acetic acid. All other materials in this mixture boiled 
above 150" C. 

PYROLYSIS OF UNSATURATED ACETATES 

Separation of the butadiene-yielding methyl vinyl carbinol and 
crotyl acetates from the methyl ethyl ketone enol-acetate by frac- 
tional distillation of the mixture separated from the diacetate 
pyrolysis liquors had been found impractical (2 ) .  It was desir- 
able, however, t o  distill the mixed acetates before repyrolysis in 
order to remove components boiling above 140' C. which caused 
coke deposition in the pyrolysis chamber. 

The pyrolysis of these mixed unsaturated acetates was studied 
in bdth the laboratory and pilot plant. In  general, the tempera- 

ture-contact time relations were found to be less critical than for 
the diacetate pyrolysis, and a much higher proportion of nonaon- 
densable gases was produced. Pyrolyses conducted a t  595' C. 
and a contact time of 0.6 second, followed by two recycles of the 
liquors, resulted in an 84.4% conversion of the methyl vinyl 
carbinol-crotyl acetates fraction to butadiene and an 87% acetic 
acid recovery. 

By applying the conversion value of 84.4% to the methyl vinyl 
carbinol-crotyl acetates, produced in the diacetate pyrolyses 
shown in Table 11, the over-all butadiene yields may be calculated. 
These cumulative yields (last column) average about 88% for 
these runs in which the diacetate wm pyrolyzed under optimum 
conditions. The upper curve in Figure 4 illustrates these cumula- 
tive yields. 

The butadiene produced by pyrolysis of the mixed unsaturated 
acetates was only 85% pure. Since the effect of these impurities 
on the polymerization characteristias of the butadiene was not 
known, the pilot plant pyrolysis of these recovered acetates was 
conducted as a separate operation. Although the amount of 
butadiene thus obtained represents only 5 4 %  of the total from 
the initial diacetate, it seemed desirable to  purify it separately, 
rather than to contaminate the 99+% pure product from the 
diacetate pyrolysis. Fractional distillation gave a main cut of 
over 90% purity so that the purity of the composite butadiene 
would be reduced by less than 0.5%. 

The 13% loss of acetic acid, incurred during the pyrolysis of 
the recovered acetates, does not seriously affect the acid recovery 
on the basis of the over-all process. Since only 3% of the total 
acetic acid is involved in this operation, the loss amounts to  0.4% 
of that in process. 

RECOVERY OF BY-PRODUCTS FROM HIGH-BOlLlNG RESIDUES 

The high-boiling residues left on distillation of the stripped 
acetic acid and those from the rectification of the acetate mixture 
from the stripping operation consisted mainly of polymeric tars, 
methyl acetyl acetone, and small amounts of unpyrolysed glycol 
diacetate. The methyl acetyl acetone and the diacetate may be 
separated from the tars by steam stripping the residues, or the 
greater portion may be recovered by distillation under reduced 
pressure. The amount of diacetate recoverable from these 
residues is so small that it is doubtful if a recovery operation is 
justified. The methyl acetyl acetone is more readily recoverable 
and may be of value, although its utility has not been established. 
Both of these materials may be hydrolyzed with alkali and the 
acetic acid recovered from the hydrolysis mixture on acidification. 
Under these conditions methyl acetyl acetone yields acetic acid 
and methyl ethyl ketone. Unless more useful outlets can be found 
for methyl acetyl acetone, hydrolysis for purposes of acetic acid 
recovery may be the most economical means of disposal. The 
small amount of glycol diacetate may be directly recovered and 
returned to  pyrolysis, or it may be hydrolyzed and the acidified 
hydrolysis residue combined with fermentation beers prior to 
concentration and glycol recovery. 

All of the important steps of the pyrolysis and recovery opera- 
tions discussed here have been conducted on a semiplant scale in 
standard equipment by the research and pilot-plant engineering 
staff of Joseph E. Seagram & Sons, Inc. (1). These operations 
gave satisfactory results, and there is every indication that the 
yields and recoveries obtained in the small scale plant can be 
duplicated in plant-size equipment. 

PROPOSED CONTINUOUS PROCESS 

On the basis of the results presented in this and the paper on 
esterification ( S ) ,  the over-all process for butadiene from 2,3- 
butylene glycol may be summarized as follows: 

The glycol is acetylated in a column which functions as a con- 
tinuous countercurrent reactor. The bulk of the excess of the 
acetic acid used of the water formed, and of the methyl ethyl 
ketone produced during this operation pass as vapors to a de- 
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of the o.88 and t h  *&io acid still we s tem-  
stripped to separate methyl acetyl acetone and diacctate from 
t,hr twa. The water-insoluble portion of the distillate is dried 
and fraotiondly distilled, the recovered diacetste returned to 
the pyrolysis unit. and the methyl acetyl Beetone either pun to 
stom or hydrolyaod to mct.hyl ethyl ketone and wetie acid. 

T 8 e  IV shows tho over-all msterials balance of the process, 
in which the m&xi$s charged me those required for thc produc- 
tion of 100 pounds of butadiene. Under produots and recoveries, 
it L arsumed that the methyl aeetyl acetone will be hydrolyzed 
and the methyl ethyl ketone and aeet.io nrid rocovercd. 
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