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NEW AND OLL ~“ROCESSES
TO PRODUCE PURE BUTADIENE

'(English Edition)

by Dipl,=Ing, Helmut Klein
LURGI MINERALULTECHNIK GMBH, Frankfurt (Main),

HISTORICAL REVIEW

In the year 1860 G, Williams investigated the thermal degrada-
tion of natural rubber; from the Vapors he recovered a liquid
named isoprene, which became viscous in contact with air and
formed a rubber-like mass at elevated temperature, Based on
this discovery, research activities began to find methods for
making artificial rubber with improved mechanical properties.
Based on G, Williams' discovery isoprene and 2,3-dimethyl buta-
diene, which has a similar chemical structure, were used as
raw materials at first., From the latter monomer the so-called
methyl rubber was derived. In 1885 the chemical structure

of butadiene-1,3 became known, In the year 1909 F, Hofmann
discovered that an artificial rubber with improved properties
can be produced by thermal polymerization of butadiene. From

~ that time on, parallel to the development of rubber sym

work was started to develop industrisi

the ‘basic raw materisli-
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This development had g hoom during the period from 1939 to
1945, It came to a sudden ‘nd in 1945 whe;
were destroyed and had to be dismantlcd,

the factorices

In North America the development took a differcnt course,
After 1840 tho supply from Malaysia, where natural rubber
production is concentrated, was threatened by the military
conflict in the Pacific Ocean arca, Therefore the American
government established the RUBBER RESERVE COMPANY flready in

1640, This company had to organize a strategical stock-pile

of natural rubber and 4180 had the order to support the pro-

duction of synthetic rubber to meet the increased demand, As

& result of these activitics the industrial production of.

g butadiene in the U,S. on & petrochemical husis increased within

four years from zero to 400,000 tons per year and has reached

® level of about 1.7 million tons per year todsy, At tirst,

the inown process of Ostromisiensky starting with ethanol wag

; adopted (rig, 1), Subsequently own methods were developed
based on crude o031 and natural ges which were abundantly
available as domestic raw materials, The hydrocarbons, butane
and butene, recovered from ratural g&8 or refinery gas are
well suitable for dehydrogenation to butadiene, The process .
pProblems were solved and in 1845 reliable processes were
Available, The govermment owned plants, built under the
government program, vere sold to the private industry in 1088,

SR, S Dt

POr year were built, An dehydrogenation process
starting from n-butane was developed by Catalytic Development
Co. (Houdry) and thé first two Plants using this process came on
- stream in 1945, A third 8imilar process comes from the labora-
tories of Phillips Petroleum Co. Dow Chemical Co, developed a

dehydrogeration catalyst fo, butene with exceptionally good




yields, The .tsiat'ed copaeiiy o i Lhe Dow Process was
355,000 tons butadienc in 1939, R,J. Horbour reported some
details on selectivity acl vields of #he Dow catalyst at
the World Petroleum Congress in New York in 1959.(24)

ﬁehydrogenation of n-bﬁtcne 18 done in one reactron stcp
(Fig. 2). The hecessary reaction heat is added by mixing
the feced with superheated steam, The feed comes mainly
from cracker gascs from ref ineries,

Dehydrozeration of n~butuhe is nore difficult und at tirst

had to be done in two steps, in the first step from butane

to butene and in the second step from butene to butadiene,
Latervén the process was improvéd‘by Jioudry in such a way ’
that both reaction steps could be realized in one reactor
simultaneously (Fig, 3). 1In this precess reaction heat is
supplied by periodical heating of the catalyst during rcgenera-
tion, The reactors are switched at short intervals in such

& way that production and regeneration cycles alternate,

The conversion per reactor pass is relatively low in all
dehydrOgenaticn‘processes, although improvements have heen
reached recently by the addition of oxygen. In this so=called
Oxy~-dehydrogenation the liberated hy n with
- OXygen immediately to form T,




R e

. from dehydrngengtian plant

Oving to azeolrope formution

and the narrow hoij ing pointsg
distillation cannot

bt copsidered so that other ways had to
be found, Standard 0i1 Developnent Co, (E580) developed one

of the firgt processces, the CAA process, which i illustratced
ia rig, 3, Copper ammonium acetate solution and butadiene
form a complex compound at low tenperatures of around -10°C
and separate again ut elevated temperatures, This enablos
butadiene recovery by fractional extraction from (:4 fractions,
This process was developed specifically for use in dehydro-

&chation plants and is particularly suitabile for low butadienc
concentrations in the feedstock,

additive as the solvent (see Fig, 2),

out, SHELL CHEMICAL CORP, , CALIFORNIA, aclieved in 1956

major improvement in the throughput of an existing plant by
using acetonitriie instead of acetone.

While in the U.8. the butadieae :

from athylaae md othsar unsat i ad hyﬂrmarbons, also autaﬁieae
at économically nttractive qt:antities.

-




As shown in (i} Todlow: g dreagras, claylene plant
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Depending on the severity of gravhxnw the C4~fra¢tion has &«
butadiene concentration of 40-505,  The quantity of butadicne
formed is influcnced miinty by the type of Teedstock (sec Table 1)
and oniy to a very litile extent Ly the era acking severity,

Fig. 4 presents o typieal curve of he yvield from the crackiig
of light naphtha in modcin s Ort~time crack

cracking soverityl). The chart clearly shows thai the total
vield of 04-hydracwrbcna decreases with increusing cracking
severity while the quanzlty of buiadlane remaing constant,

¥ | i |
CQnFraction Residual 0i1 '

£s at varying

ﬂdﬂctiﬂ§\69¥$¥3;,
The annual Productinn rate in
, }§r6$$ﬁtiy some scn,acc tons, The few de~
2 , ation p)anta *a Eurape are losing importance because
'tha bntadisne from cracking Plants is cheaper, a similayr

development took place in Japan where the pregent output is
8ome 600,000 tons per annum, *

The second part of this paper will deal with butadiene recovery
from Pyrolysis c4-fractions.
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The C,~fyact ion iy reeoLvred as Jobuieniscr overlond n the

a8 fractiowalion unit and stiil contiins ui 03~nydrocarbons
and low boiling CORPONCHLs not separstiod in {pe upsLIeam de-

@i ot of

Propaniscr, Ateo o osgpald f €G~hydrooarb0uﬂ, depending

on the desipn of e ﬂrnu;anxhe;, Pecoes anto the oves hoad
product and is (Lus brescnt dn the ¢ .orpg
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As will be scen from

Talbic 11 the boiling points of nﬂmﬂfcd
hydrocarbons are so clos¢ Lo thu! of buladicuce that distillative
separst jon is not possible, Merely the sCpariation of bhutence?

hus boeen carricd out DY ISt o

“n a {cehnical scale (see
The number ot sepurcting

S0 great that this column his Lo be iy deg into two separste

not (o oxe :ed a Leahnicaltly
Tengeptl, Moreovey, this disirllation

column 9 in Flg..h), but

stuges is

columns in orcey

{easiblie column

1€ possibile only if,
the sume as with (he dehydrogenation of

butene, only traces of.
The reason is tuat azeotropes exist
between butyne-1 and trans-/cis~bhutogea? whose botllng points
®¥PC very close to that or butadiene-1,3,

butync-1 nye present,

- As already mentioned, a selective so

used for Bﬁtﬁﬁi@aé scparation, The ESSO-CAA process may be
mentioncd ag an example of chemical extraction (seefFig, 3)
the pasic Principles of which werc described in detail by

C.F, Morrel et a1l ip 1954, This process uses an inorganie
solvent which chemically binds the butadiene,

ivent. shaaid ﬁrefcrably be




TABLE 11

LIMITS OF COMPOSITION or 04-FRACTIONS IN Vol.4 and Vol. ppr

Boiling DPoint °C Concentration
Ethylenc - 103.71 *o - 10 ppm
Ethane - (8,63 O - 10 ppm
Prepylene - 47,70 0.5 - 2.0
Propane - 42,07 0.1 - 0. 5%
Propadienc - 34.50 0.3 -~ 0.6%
Propine - 23,22 0.5 - 1,0%
i-Butanc - 11,73 1,0 - 2,0%
i=Butene - 6. 90 25,0 -~ 35,09
1-Butenc - 6,26 12.0 -~ 18,01
Butadienc-1,3 - 4.41 ) 40‘0 - 50»0%
n-Butanc - 0.50 4,0 - 8.0%
Butene-2«trans + 0, 88 4,0 - 6.0%
Butenc-2-cis o+ 3.72 4,0 . 6.0%
i1 Vinyl acetylene + 5.1 0.4 - 1.0%
¢ ¥ Butyne~1 + 8,07 0.1 - 0.3%
§ Diacetylcne + 10,3 0 ~ 100 ppm
Butadienc-1,2 -+ 10.85 0,1 - 0.2%
3-=Methyl butene-1 + 20, 06 0 - 0,3%
Butync-~-2 +- 26,99 o - 100 ppm
i=Pentane + 27.85 0.1 - 1,0%
2-Methy) butene-~1 + 31.16 o] - 0. 2%
n-Pentane + 36,07 0 - 0.2%
Pentene~2-trans + 36,35 ) -0 - 0.2%
Pentene~2-cig + 36,94 ) 0 - 0.2%
2-Methyl butenc~2 + 38,56 o - 0.1%

Sulphur in the fornm
of mercaptan

ko)
i

Water | , ,’1 i 200 .
Pﬁraxiéea i ’ . ’ {{, ’ —L 7 o ,  i
ifaa,ﬁﬁag> SN ;‘7 ; 0O -
Carbonyl compounds | |
(a8 acetaldehyde)




Technacal plints chorib g by e e e cive Qi bilintion
rinciple o= oveeaic polay subtbtarces ce salvent, oxcept
for the umuonia.  The wmme iu pooves s mas publishicd in 16516
by M. Poffenbergor ot alB} and was operated by Dow Chemical,
but it has not found a wide-spread use, K, Smevkal and
H, Litgert D lh\LSLLTQLGd 4 plurality of organj( solveats
as 1o their thtdb!lJiV but only IurfuzaJ ), 6)
aceinn:tr11c7) , N=methylpyrrolidone® %, 10), 11)’ 12), 13), 14)
dimethyl formamide™®?» 16)’ 19) and dimethyl acttumldel7)’ 18)‘ 20)

*

have been applicd on a commercial scale,

Fig. 5§ gives a compavison of 24 solvents, Selectivity, defined
as the ratio of the Bunsen absorplion coefficients, is plotted
versus solubility expresscd Ly the alpha value for butadienc,

. The best suitable solvents are those with high &eluoi;vity

and bzgh Sﬂlubillty located at the far right-hand top in Fig. 5.
It is obvious that the four solvents located in the eircle |
bhave the most favourable properties, Thesc are'diwa{hyl
formanide, N-mothylpvrrulidonﬁ WCPfﬂﬂJuTJlP and dimethyl
accetamide which have already b@«r Qpnlltb commercially., The
presentation in Fig., 5 pives only a general survey, ‘The

Bunsen ahsorpilon cociticients arc the resuli from equilibrium
measurcments between the single hydrocarbon and the solvent,
while in technical extraction distillation the mass transfer

is between a hydrocarbon mixturc and the £at solvent with water
addition, The measurc for the &eparatlnn eff&&tfzsf”he,fgﬂ;,x
'frﬁlat;ve velatiliby ai thﬁ indi rhon

 with the v , .
‘Table III, ﬂalumn 1 comgares the ralatavp valatility nﬂder
idenl cundxtions without salvent., It will be seen that

‘separation of butenc-l and isobutenc is not possible by

simple distillation but that extractive distillation with



one of the solvents listed does not create any problems,
The: high relative volatility of methyl acccylene is,
however, reduced so strongly by the solvent that proper
separation by extractive distillation is impossible.

A further exception 1is furfural solvent which reduccs the
relative volatility of cis-butene~2, The initial butadienc
recovery plants (Phillips, Shell) therefore consisted of

one cxtractive distillation and one or two normal distillation
units, Butanes and butenes were separated in the extractivc
digtillation column, methyl acctylene and other low-boilers
were removed overhead from the first normal distillation column
and C4~accty'lmes (.i.nc}.uding cis-butene-2 in the case of
furfural) were recovercd as botwms product imm the saeem
normal distnlatim celumn (see Fig. 6). :

In view of the mare severe erackiag eaadi&iﬁn” : ring
recent years the vinyl acetylene content in the c4~£ract m |

from naphtha crackers has increased heavily., At the same

time ihe requirements demanded from the purity of butadiene
with regard to acetylenc compounds have bccome more kstrin‘gem*,
This has rendered distillative separation of acetylcnes as
illustrated in Fig., 6 difficult. At a relative volatility
e! 0. 807 varsus butadiene separstian is rather costiy. ltoré

wagra hutsm und batenes are separi, : ‘,,,g”f;z-sf\
and acectylenes in the second stage (see Fig. 7).
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BAEK developed a proscss saheme where Lhe Lwo soivent cycles
arc comb ned so that onc #in le stripper su fices (sece Fig, #),
In the design ol buiadicne plauls spocial attention has to be
paid to the polymerisation tendency of butadienc. R, F, Robey
et al, proved that butadienc dimerises spontaneously (o
vinyl cyclohexene similar to the Dicls-Alder reaction, The
reaction velocity merely depends on the temperature, According
to Robey ¢t al, about 22 ppm dimers per hour occur in pure
butadicne at 40°C, As an innibitor to hold back dimerisation
i8 not available, the butadiene has to be kept constantly at
low temperature (o prevent the vinyl cyﬁlomeaena content Lrom
reaching an unduly high levei, In particular during extéugeﬂ
sta&agv the f@mﬁ&r&tarﬁ should nct exceed 20&2§‘C.

prart frum dimeris: fzna, chaia pﬁlyﬁéti%&tiﬁg also tak&z y%ﬁcs o
‘which is initiated mainly by peroxides. These occur in 1ittle
quantity when butadiene gets into contact with oxygen or air,
Care must thercfore be taken to see that oxygen does not enter
butadicne recovery plants., The formation of perdxide compounds
and the -csulting catalytic Nolymerisation ~an be effectively
prevented by inhibitors, Suitable inhibitors are pyrogallol,
hydrogquinone and similay compound&. Tertiaxy batyl cateehcl
is most1y used in practice, added

and which is even capable at ,W-,ting steex ves;ele. The
reaction mechanism it not clarified yet and there exists no

inhibitor which is effective in the gas phuse, These problems
can only be avoided by keeping oxygen away from the plant and
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is nol a progieom provico.d (hat {he Slant s sartab'y desioned
and operiaied curefally, T o RhiL Cuin ol 1on itoam ol dempariance
to avoid contuct of (he «iufuvﬁ with oxvyen befopg cntering

the plani, which coule haopen durizg tibling into tunk trucls
cand in tramsitl,  Operaiio, @t 1ow femnoritures is an econtiical
protilen which is (he roaeny why most of ihe procosses make

2 compromise, .

Anothur yeason for kecping operaling temperalures low is the
fact that most of the high boilin, -olveats ure po longer sufti-
ciently Qtﬁblﬁ at thely beiding pornt.  To reducc vhe boiling
temperature S-100 water a.e added 10 the selvent in some cascs,
A high boiling point how, hQWﬁ§ﬁv, the advaniage that the
solvent can casily be ;emoved from the produet styeams while

in the case of acetonil,ile having & rel.tively low boiling ]
Point additional watcy vash and ec8istatlat o af the acetonitrile
caﬁtaiﬁiﬁg walcey ure rooo vnd, Bedistaiilation is agpravatoed ]
by azeotrope formnt o,

In 2all processcs a small pariwal sirean oo the solvont is

regeasrated Lo remove hipl b&ll}nm polynevs and degradaticn

productis, Roegenerst ion tanes Flace un a simple vacuun distillam

tion éckﬁmn,, he bﬁttﬁmﬁ produet being a*acharggd :rﬂg tkﬁ
: erhoad wimﬁg 1% ;E;*i urned to the ﬁy&

| : , ‘-aliv &ﬁﬁfptéd a&&aé&ré& were axiablishéd
ia ihe fart;?s %y ihﬁ UsZs Government and were based on the

manufacture of SER rubber (siyroene buladiene rubber), This

synthetic robber was produced by emulsion polymerisation using




ile]

radicals 5 catalysts, Uncor orted resicunl! buladicne is
recovered and returacd, if possible, to the butadicne recovery
piant tor purification, Impuritics in the butadicne reduce
more or less the polymerisation velocity, 7o balance this
disadvantage more catalyst has to be added whicl, impairs

the economics of polymerisation, Besides, some unsaturated
compounds, such as vinyl acetylene, adversely «lfcet the
quulity of the polvmer in so far as they result in undesired
branching or cross~linking of molecule chains, The influcnce
the individual components have on polymerisation was investigated
by R.L. Frank ¢t al, 23) and the results wvere used to establish
a etandard spocitication in 1947 which is given in the first

column of Table 1V.

This 3pa¢ific§timf became more n*':éingen*e with the continuing
, progress in the field of polymerisation over the ycars and

the present specification for normal styrene butadiene rubber

is shown in column 2 of Table IV. When in 1960 stereospecific
1,4 cis-polybutadienc was introduced as 2 pew synthetic rubber
type, the requirements regure ng butadienc F rity increascd,
This new product is obtained by polymerisation using sensitive
organc~petallic catalyst, The presence of foreign matter in

the butadienc causes irregulayities in the molecule chaing e
tnrm am; thereby impairs the quality., Column 3 of Table IV

o ﬁesides, they m wén
cope with variatmag in *the acetyiane content of the feedstock,

-
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