CHAPTER - I

CEHERAL INTRODUCTION

L. Introduection

1,3 butadiene, Gy = CH - CH = CH, , a diolefine with
conjugated double bond, is highly reactive and has a remarksble

power of polymerization and condensation.

This monomer is the most important starting material for
the manufacture of synthetic rubber. Thermal polymerization of
butadiene was first carried out independéntly by both Lebedev1 and

Harrisz.

Synthetic rubber was first prepared comzercially in Ger-

- nany during World War I, when the Britiéh blockzde cut off'Germany
from all tropicsl rubber growing countries. At this time dimethyl
butadicne was polymerized to give "iethyl hubber". The work on
synthetie rubber msnufacture and also butadiene production was con-
tinued even after the ¥War. The sustained efforts of I.G.Farbenin-
dustrie ledrto the large scale production of butadicne from scety-
lene (via acetaldol and 1,3 bubtylene glycol3) which eventually paved
the way to the manufacture of various types of synthetic rubbers,

the Bunasg,

The second period of development of butadiene rubbers



started slong with World War II. In Germsny the production of
Bunas, the genoral purpose rubber, was greatly incressed. In
Germany in tho same poried, Dr. Walter fleppe, discovered an
improved method of butadiene syntﬁesis from acetylenc (discussed
ister}s Concurrently in the United 5tates, a Lnrge synthetic
rubbey industry wes developed. The general-purpese rubber was

known as GR-5 {Govern:ent Rubber Styrene) and was manufactured

in largest volume.

From the very beginning of the synthetic rubber era, buta-
diens has been used ns the chief raw material in this field. So
much has been the importance of this monomer that at present the
butediene rubbers sre classified in seventeen groups, almost all
of which have got high demend in the market. Of the large number
of butadiens rubbers, the Bunas (polybutadiene), GR-3 (butadiens+
Styrene)y and Hycer or Buna N (butadiene + acrylonitrile} worth

spacinl mention for their manifold aspplications.
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The Table 1 shows the production snd consumption of nature-
al and other types of synthetice rubber in America, the largest

rubber producer as wall as consumer.

Table - 2

Consumption of natural and synthetic rubbor in

Indis.
Yoar Consunption
Habural _ Synthetic

1955 27,000 106

1956 29,000 2,400

1957 . 31,765 3,032

1958 34,756 3,253

1959 38,664 Ly342
1960 45,218 6,457

1961 48,250 9,331

A1l quantities in long tons.

leference ¢ Hubber Hews (Indis), January, 1962.



Indian condition

In India, the rubber mahufaaturing industry started in
1920 and consolidated its position during 1935-39. Tha rubber in-
dustry in India is now well estsblished since the Jecond World Waf.
Iindia is perhaps the only country in the world to-isy wihere rubber

industry is largely fed with indigeneous natural vuliber.

Rubber plavys an importsnt part in the industriasl expansion
of & country. Considering the rapid pece with which india is pro-
greasing to~wards industrislisation, it has been cstizsted that by
1975, the rubber consuuption may g0 upto 80,000 tons/yesrs The
Government of India hsas sanctioned a scheme of replanting 70,000
aeres of land with high yislding rubber plant spaciles end also bring-

ing more land under rubber plantation. On the completion of scheme,
it is expected that in 1975, the totsl natufal rubbar production

will reach 52,000 tons.

Indina wag hordly using any synthetic rubbers a decade back.

The consumption of s?nnhetic rubber at present is 6% of the totsl
rubber consumption, bubadiene-styrenc baing the nost pepular, The
other types of SYﬂtﬁ“u‘Q rubber e.Z. necprenes and acryion ‘itrila
are also consuned 0 & samsll extent. In view of the importence of
butadiene for the growth of synthetic rubber industry, butadiene
plant having an annunl production capacity of 30,000 tons has been
erected at Bareilly, U.P.‘which will sbart functioning from 1963,

Another plant of 20,000 tons a yesr capacity will bz construeted in



(bop

Assam during the Third Five Year Plan pericd wnich will put our

country amongst the leading synthetic rubber producing countries.

The economic and éfficient production of butadiene is by
far the most important step to successful implementstion of Indian
Synthetic Rubber programue., A number of processes are ot present
employed for production of butadiene on a& commercial scale : Pyro=-
lysis of hydrocarbons, for example, in the steam cracking process
for producing ethylene ; catalytic dehydrogenation of butene and
butane fractions of petroleum refinery gases j syntheses based on
acetylene’as a feed stock ; dehydrogenation and dehydration of
sthanol, These processes have recently been reviewed by Applatonk
and Eennetbﬁ. The economic utilization of the first and sccond
sourcss presunes the ngcessity of a2 thriving psetroleum industry and
hence, the countries enjoying sn abdundant supply of natural petro=-
leun can axﬁ%it the first two methods. Production of butadiene from

acetylene either by the three=stage or foure~stage process involves

complicated operations.

"Though the petroleun industry is graduslly developing in
this country, still one cannot be absolutely sure about its future
since the reserve of the raw petroleum in this country is yet to be
assessed. lence the use of ethanol (whose supply is fairly assured)
83 a starting materinl for butadiene is all but natural. The me=-
thods for the production of butadiene from ethanol and also their

relative ugsefulness will be discussed later on.



Cther uses of butadiene ¢

Recently butadiene 1, 3 has found important uses in the
preparation of the following industrial commoditics over and above

the synthetlic rubber i=

(i) Fire resistant plastics and resinsé,

(ii) Honeinflamable lubriceting and transformer 0i187a

(iii) Additives in drying oilsg.

{iv) Metal wocd, rubber glass or rubber-motal

8

adhesives®,

-

B, Differont JMethods for the Production of Butadiene 3

4 ot

9 in 1867, by

Butadiens was first ﬁreparad by Berthelot
passing a mixﬁuré of acetylens and ethylene through s red hot iron
tube. Since then various methods have been used to produce buta-
diene 1,3 from various types of orgaﬁic compounds, slmost all of
them being of ascadomic interest. The processes which have been
exploited in commercial scale are but few and they have been recertly

reviswed by &ppleton& and ﬁennatt5. Tha methods can be broadly

classified as follows, depending on the starting material used

(i) Hydrocarbons of paraffin and monoolefine groups ;
{e.g. butene-butzne fraction from petroleum refinefy
gases).

{1i) Syntheses based on scetylene 28 feed stock.

(iii) Dehydrogenation and dehydration of ethanol,



{1) Hydrocorbons of parpffin snd monoolefine groups &e

A wide variety of diolefines ¢sn be produced from petro=
leum hydrocarbons by pyrolytic or chemical transformations. In the
Uniteé Svates of America and in Russina, tho petroleum hydrocarbons
hnve been fully utilized for the commercial production of butasdiene,
since those countries abound in minersl oil supply. The refining
and cracking of petroleum oil result in the preduction of saturated
and unsatursted hydrocarbons ; of these, the cut from Gy and Cg is
subjected to dehydrogenatlon, either in one=step or in two=-steps to

obtain butadiene.

n~-dutane is one of the hydrocarbons found in the cut,
which on stage wise or straight dehydrogenstion, yields butadiene

according to following cquation =

CHy Cly Cily CHy —H2 5 Gy OHp GH = Cipy—120H, = O = CH = Ci,
n=Butane Sutane -1 Butadiene 1,3

L genersl review on n~butane dehydrogenation has been

presented by Watson and coworker310 in 1944,

Humerous publications and patents, are available in this
field, which desl with the nature of the catalysts as well as their
regenerstion end also discusses the effect of different operational

varisbles on this conversion. The same process can be employed with
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slight modifieation when butane~butene mixture is used instead of

butene alone.

The catalysts include the alloys and the oxides of chro-
mium, molybdenum, tungsten, etc. supported on silica, kieSelguhr,

slumina, mognesia or clays like bentonite' !,

Crude butadiene is purified by absorption with cuprous

splt solution or by extractive distillation with furfural.
~ A flow sheet of the process is given in Figure 1.

GCatalytic dehydrogenation of cyclohexane is considered
to be a simple route to butadiene when a small quantity of pure

k3 s 12
butadiens is needed .,

(ii) 3yntheses based on scetylena as feed stock s

There are two industriol mathods for the production of

butadicne from scetylene &

(1) Butadiene by Aldol process.

(2) Butadiene by Heppe process.

{1) Butadicne by Aldol process i

&
The aldol or "four step" process'>? 4s®

was the favoured
method of producing butadiene in Germany before and during “orld
War II., Acetylene produced from calcium carbide hos been an impor-

tant source of butadiene in countriss where coke and lime are



availatle in plentye.

The reaction steps of the four-staze process is as

follows i
50 © Hgso, (1) dilKOH -
CaCy ———> Cply ——*—> CH3CHO ——— Cl3CH(OH) CHaCHO
, 130, {11) ]
' [lii-Bl Catalyst
l (111)
~H50{IV}

CHy = O ~ CH = Cilg CH (CH )CHoCH 0

3 R

Cilz Phosphoric
seid & salts

Tﬁ@ mathod of purificstion of butadiene is some ss des=-

erived before.
(2) Butadiene by ieppe’s Process ¢ (3 Stage process)

Another process for prepsring butadiens from acetylene
wons developad by Rspp33’15 in Germany in the pericd just beflore
and eesrly in World War II. Acetylene and formaldehyde, in the
presence of copper acetylide, resct to form 2-butyne 1,4, diol ;
the latter is reduced catslytically with hydrsgen to 1,h-butane-
diol, and the diol is dehydrated eatalytically to yield butadiene,
In the denhydration tetrshydrofuran is usually an intermediate.

The yields are high and so is the purity.

This three stage process was followed by 1. G. Farben

industrie during the World iar 1l.

Besides the above processes, two other reaction: schemes

coan as wall be followed for the production of butadiene @
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Butadiene can also be prepared from acetylene through
diascetylene (HC & C = C = H} as the intermedinte. Diacetylene can

be obtained by passing scetylens into an amuonical cuprous chloride

solution. Diacetylens thus formed was converted to butadiene16.

The other schsue is that acetylene can be dimerized to

vinyl acetylene77 which is then selectively hydrogensted to buta-
diene’g’Qg’za.
hydroganation in the
i 0L presence of Ni with

——3 G = O - C & CH + - " >
. .  + Ho0, Pdedistomne
Cu,Cl vinyl scetylens Hg + 140,

272 4 ¥ ceous earth or Pd«black

<
=

240 8

~—~w>832 = OH - QY = Cﬁg
butadisna.

{i3i) Dehydrogenstion and dehyiration of ethanol @

The first significsnt report regarding the preperation
of butadiene from ethanol as raw materisl was made in 1915 by

Q&tr@mislensky21.

There are two commercial methods for the conversion of

etinanol to butadiene 3

{a) One-step process

(b} Two=step process

. . .22
The one-step procsss, followed in Russia™ , sims a2t the

conversion of ethanol to butadiene by passing =2thanol vapours over



a suitable cotalyst at higher tamperstures
CHaCHpUH ——— > Cilp = CH « CH = CHo+ 250 + iig

e
A study of Jequation indicstes that the cntalysts for this
‘conversion should have both dehydrogenating and dehydrating capa=-

city. This process is also known as Lebedev process.

‘The twoestep process or Ustromislenskys procass, followed
in the U.3.0., involves in the following renections, carried out in

*

two seporate cotalytlc units i

Ciig CHzOH — > CH3CHO + Hp  =mwecemeeeee  (I)

T

CHgCHROH + CHq0HO ———> Clly = CH = OH = CHp4-2Hg) ~ew==w  (II)

in the twoestep process, ethonol snd scetaldehyde are
fed over a denydrating type of estalyst to produce butadiens, the

acetaldehyde being supplied by dehydrozenation of ethsnol,

While discussing the relative merits of those two- pro=

2005308 it must be mentioned that the one~step process 1s evidently
slupler in operstion and technolozy, a factor of considerable impore
tance, though the purity snd yield of butadienz are lesg, It
requires, however, the selection of dusal function cotalysts which
will effect a compromise between the two different types of reac~
tion under the same operating conditions, In coutrast it is
23424425

elaimed that the two-sStage process gives hipgher conversion

and ensures purer product.
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{a) One=-step process @

A flow sheet of the one-step process is presented in
Figure 2. Otagewise seperation of the by-products is also indicated

in the flow sheetzz,

In this process, preheated ethsnol vapour is passed through
the reasctor containing a catalyst suitable for simultancous dehydro-
genation and dehydrstion. The effluent gas is led through a two
stage condenser. Frem the condensate, unconverted cthanol is re=-

covered, purified and returnad to the catalytic reactor.

Butadiene along with a number of C, hydrocarbons (contain-
ing butene-2 also) is extracted from the uncondensed gas by ethanol.

The unabsorbed gss consists of hydrogen and ethylene.

The absorbed vapors are desorbed from sthanol by heating
in stages when butene-2 {with some butadiene ) comes out at 30-35%
and the major portion is expelled at 100-130°C. The final desorption

takes place at 140-150°C for 15-30 minutes.

Crude butadiene is then washed with water to remove the
.major portions of acetaldehyde and ether. It is then cooled to
-20°C by cold brine solution. The crude butadiene contains only
827 of fractions boiling below 4°c. This fraction contains butene~2

also.

This mixture is rectified in s coke packed column, generally



A

At

operated at atmospheric pressure. To remove last traces of acetsl-
dehyde the effluent gases from the partial condenser is washed with
507 alkali solution and then subjected to finsl rectificstion. The
final rectification is carried at =20° to +2°C. Brine solution is
used as coolant. Permanent gases, dissolved in butadiene, are
saperated in the rechifigshion unit and perged to the atmosphere

continually.

The rectified butadiene of polymerization grade is stored
in spherical steel vessels st moderately low temperature (32°) snd
slight pressure (3 psig). Polymerization during storage may be
prevented by adding small quontities of stablizers (less than 1%)
like, hydroquinone, tricgesnl, smines, etc. These inhibitors may
be washed away from butadiene before sctusl polymer preperstion, by

simply washing with dilute hydrochloric scid or water.

(b) Two-step process !

This process was commercislly upilizad in America by the
Carbide snd Carbon Chemicsls in 1941, when a butadiene plant of
20,000 tons per year capacity was areetedzB. Three other commercisl
plants were also operated at 200% of rated capocity to meet the
early emergency requirements for synthetic rubherzhﬁ L flow sheeb
of the process followed by the Carbide and Carbon Chemicals is

shown in Figure 3.

The dehydrogenation of ethanol is an old established
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process which can be conducted with good chemical efficiency under
suitable eonditionsgé. The catalyst is copper on inert support,
promoted with few percent of chromium oxide. In s temperature

range of 250° - 300°C, single pass-yields of 30'30 L0 percent of
acetéldehyﬁ@ frém sthanol con be obtained with a chemical'efficiency

of 92 percent or higher.

'A,mixture of gﬁhanél and acetaldenhyde vapours was then
psssed through‘a ccn#arier 2t 2 tempersture of 360° - 37500. The
preferred molar ratio of ethanol to scetsldenyde in the feed mixture
is 3 to 1. Tantals-silics catalysbg'Ts containing 2% tantalum penta-

oxide is reported to be a very good catalyst,

The converters are large heat exchangers fitted with 3"
tubes of 20 ft. longe For heating and cooling the butadiene conver=

ters, a circulating, liquid Dowtherm system is generally selected.

.The product from bunadiene converter is then condensed
partially, to make s rough scperation between butadiene, butylenes
and other fixed gases and the easily condensible mixture of ethanol,
aéetaldehyde etc. The uncondensed gases are then scrubbed. The
scrubbing liquid from the butadiene removal scrubber is combined with
butadisne condensste and délivered to » continuous distillation
column. Ethanol, acetaldehyde etc. are reccvefadlhere as the high
boiling fracﬁian and fed back to the converter. The distillate is
then passed into sn avsorption unit for removel of 4 carbon impuri-

ties and fixed pases, 'Chlorex' ( Fvg dichloroethyl ether) being e



selective solvent. Butadiene is then finally purified by distilla=-

tion.

-

Hiscellaneous mothods ¢

The methods for'preparing conjugated diolefine hydrocar-
bons are numerous. A few oxygenated orzanic compounds, other than
ethanol, have also bsen utiligzed as the possible sources of buta-

diene. The most important smong these is crotonaldehyde, an inter-

mediste of the two previously described processes for the conversion

of othanol to butadiene. Crotonaldehyde on reacting with ethanol

gives butadiens 23 follows ¢

CHBCH = CRGH04-3235OH-————>CH2 =CH - Cii = BHE+‘KQG'+ CHBCHG

Crotonyl alcohqlz7 gives butadiene on dehydration with

eatalysts like Al,04, 5105, Mgl0,, etc.
' “ﬁ 20
Ch4CH = CHCH O —*—> Ciy = Cil = CH = CHjy

Butadiene has also been obtained during the pyrolysis of

ethyl vinyl ethera.

n-Butanol and n-butane produce butadiene via n-butyl
chloride by hesting the latter with concentrated hydrochloric acid

28
and anhydrous zine chloride . Cyclobutanol vapour when passed

over &1203 at 300~359°C yields 93 percent of butsdianezg.

30

Aecording to Leyer””, vinyl chloride, vinyl sulphide or



vinyl oxide when heated at 100~400°C in contact with heavy metals

produce butadiene.

of
Direct thermsl decomposition;dichlorobutane with steam,
end with or without c¢atalysts, at tempercstures of h50—70000, pro-

duces hubmdianeBi’jg’BB.

L
The Badische FabrlkB produced butadiene by heating the
“vapours of 2,3 dibromobutsne st 340°-360°C in presence of barium

chloride or lima,

. .35
A recent U.S. Patent™ clsims thot the oxygenated products
from Fischer~Tropsch rsactor, when passed over a suitable cnatalyst

like Hp0=-310, at 420°C, yields butsdiene. In snother patannsb

it
has been claimed that petroleum fractions as well as ethanol can be
econverted to butadiens when energized by repeanted exposure of
elactron bean at 50°~180°C, metallic oxides being used as the cone-

taet agent.

Some Japenese workers  reported that the shale oil dis=
tillate vapours when passed over heated nickel wire at 500-800°¢

gave 207 of butadiene.

38

‘ g
Tetramethylene dismine”  and aminacylebutaneB’, under

suitable conditions give butadione as follows

CH oCH il (1) GﬁBI andvalkali

» Cip = CH = CH = Cily+atit,
CizCifzHiHa (11) hested with Agn,0 : ?



by

(3

| o
3—>CHy = CH = CH = Gyt N,y
heating

i
HaG —— — CH,

L=-methyl 1,3 dioxane4°, prepared by acid condensation of
03H6 with Ci,0 (3-5% of‘ﬂzsﬂ&, 105-15°C at 35-45 atm.), can be
converted to butsdiene by pessing over caleium and other phosphates,

yield being 75%.

] e . ‘
Butadiene to,extent of 25% was obtained when technical
L1
hexanetriol was led over dehydrating catalyst Al03 or Boron phos=

phate at 300-500°C,

But these methods are not yet developed 50 a8 to ue

utilized industrially.

C. Scope of the Present Work @

The one-step process for the catalytic conversion of
ethanol to butadiene has long been a commercisl success in the East
European countries ; but the operational dstails and especially the
nature and composition of the caztzlyst used have been carefully
guarded by patents. Corson, Jones, ¥Welling, Hinneckley and Stahlyza
in course of their investigation on the two=-step process evinced
some interest for the single stage process alsc. But dus to war tim
emergoney, their effort in this field could not be very systematic.

- 20
Reecently Bhattacharyya and GangulyL b heve made an exnaustive snd

valusble study on the one-step catalytic conversion of ethanol to
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butadiene in the fixed bed. While moinly concerncd with the fixed
bed operation, they tried a few experiments in fluidized catalyst

bedas and met with phenomenal succsss.

; Considering the intrinsic characteristics of the fluidized
bed in so far a8 the heat and mass trensfor is concerned, one may
logically anticipate that the endothermic reactions involved in both
the processes might be mores efficiently carried out under isothermal
conditions in 3 fluidized catalyst bed having uniform temperature
distribution throughout. These reactions have quite high values of
equilibriun constant at the desired tempesrature range and hence the
phenomencen of back mixing or diffusion, inherently associated with
fluidization operation, will not hinder the desired reaction to any

approciable extente.

In view of the sbove considerations the present suthor
has made an extensive investigation on the catalytic conversion of
ethanol to butadiene in the fluidized catalyst bed, both by the one-
step and two=step msthods. The catslytic activity of various oxide
systens (single or binary) which were reported to be promising by the
previous workers, has been tested for in a fluidized catalytic
reacteor under s wide range of operating conditions. The influence
of témpereture, liquid feed rate, catalyst ved height efte. on the
process conversion of ethanol to butodiene was studied. The effect

of sdditvion of waber Lo ethanol wes also studied in the former c¢ase
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and for the two=step conversion, the effect of the feed composition
{i.¢. the mole ratio of ethanol to acetaldehyde) on the yield of
butadiene has been thoroughly studied. For the smooth operation of
a fluid bed reactor, a thorough idea regarding the fluidization
characteristics of the solid used is all but essential, Hence, in
the present investigsation porosity, shape factor, minimum voidage
etc, of the most active catalyst system have been determined by
46

the conventionsl method suggested by Hax Lovs et. al.

The %uﬁhor, with the ldea of forwarding and establishing
his own views, has takon the liberty to use the §§rtinent rosules

and obsarvations reported by different workers in this field.



