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NEW AM) OU) ROCESSES 

TO PRODUCE PURE BUTADIENE 

(English Edition) 

by Dipl.-ing.      Helmut      Klein 
LURGI IIIKERAliiLTBCHNIK GMBH, Frankfurt (Main). 

HISTORICAL REVIEW 

in  the year i860 G. Villi*» investigated the thermal «léga- 
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. Pro« the latter monomer the so-called 

methyl rubber was derived. In itm  the chemical structure 
of butadiene-1,3 became known, m the year 1009 F. Hofmann 

discovered that an artificial rubber with improved properties 

can be produced by thermal polymerisation of butadiene. From 

that time on, parallel to the development of rubber synthesis, 

research work was started to develop industrial processes for 

the production of butadiene. According to the different 

source« of raw materials, development went into'different 
directions in Russia, North America and Germany. 

In Russia ethyl alcohol was the basic raw material:- 
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400, OÜQ  tons por  year» 
production i IH e»vfcjjF,a,te<; at 

In Germany where the  indupf^t**   *•,    «   *.- * Cl,e   Jna«fi,lJiaA  cnowistry TOH developed 
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rhU develops had a  boon, during the period  fro., 1838 to 

''     3t CIUW to " *udd•    "1 1" IMS whe,   the factories 
were destroyed and had to be dismantled. 

in North Wie. th. development took a different course. 
After IMO the supply from mimptu. where natural rubber 

production i. concentrated, was threatened by tho »llitary 
conflict in the Keltic ocean area.    Therefore the African 
«ov.rn.ent established the RUBBER mStnvt COUPAW already i„ 
IMO.    Tbl. coapaay hBd to organize a strategical etock-pil. 
of natural rubber and >i«» k»-> «. . _, 
ductio» ^      Ü 0rder to »"PPOit the pro. 
ductxon of synthetic rubber to moot the increased do«.*;    A. 
a reault of the« activus tho industrial production of 
butadiene i„ the U.S.  on a p.trooh.«ic.l ba.l9 lncr0MM w 

•dopted (Fig.  1).    Subsequently ora .*„„. „„ aevMo^ 

atIn.M.CrU<,! °" 'nd n*tUral *" •hi0h — «"—«F 
«•iUbl. as d<*e.tic raw „teri.ls.    The hydrocarbons, butane 
«- buten., „covered tTOm Wml „, or „flnery       • 

•.Il BuiUble for dehydrogenation to butadiene.   The procew 
probleas were solved and in loin ..i«-..* 
.«.<,..., S reliable processes were 
available.   Th. government omed piMt., bum „^ tB, 

govern».« progr«., wre 80W to th. private industry In 19«. 

¡ST.!.. aT!T""co* In the m"Ì9M to *•"» •— PlMt. .1«. a total oapaoity of approai.at.ly 300,000 ton. 

cl   Î«  - T" "" "" "•vel°P««' »? Catalytic Develop»»* 

Solatì,     " P'tr01'm C°-   "* Ci,9mU*1 ro- *w«^ » «.hydrogénation catalyst for butène ,ith exceptionally good 



yields.     The   ,nsiat-o.-l  rr.p;v:i i y  u-i,f: the Dow process was 
355,000 ions butadiene in  1959.     R.J.  „arboiir reported some 
details  on seif-r-f -•»>? i +-t <,^   .,(«1,1,, ~c ^i •u>Uj  ,li  4   yields  or the Dow catalyst at 
the World Petroleum Conpress  in New York in 1959. (24> 

Dehydrogonation of n-butene is done  in one reaction stop 
(Fig.   2).     The necessary reaction heat is added by mixing 
the feed with superheated steaa.    The feed comes mainly 
from cracker gases from refineries. 

Dehydrogenase»  of n~butam,  is »ore difficult and at first 
had to be done in two step«,  in the first step from butane 
to butène and  in  the second step from butène to butadiene. 
Later on the process was  improved by noudry in auch a way 
that both reaction steps could be realized in one reactor 
simultaneously (Fig.  3).     m this process reaction heat is 

supplied by periodical heating of the catalyst during regenera- 
tion.    The reactors are switched at short intervals in such 
a way that production and regeneration cycles alternate. 

The conversion per reactor pass is relatively low in all 

dehydrogenase!, processes,   although  improvements have been 
reached recently by the addition of oxygen.     In this so-called 
oxy-dehydrogenation the liberated hydrogen reacts with the 
oxygen immediately to form »ater,  thus increasing yield and 
economics of the process,     m all cases the problem of re- 
covering the butadiene from mixtures with other C. hydro- 
carbons exists. ' 4 



0*ing to aseotrope  formation and the  narro- hoiv , 
UistUlatton cannot   bc considered -o  ZT'^ * ^^ 
* *ou»d.    standard on Devour        , *'*" ^ t0 
of the fi•*  „ ^clopn.ent Co.   (ESSO)  developed one 
«i  Hit  first processes,   the CAA m-on*»«,.    «K- » 
in Fie    3      rw „ Procès*,  which  ¿B   illustrated a ' Ig*   **•    Copper ammonium acetate «fli„H• « ^  ^ A f«-« « .. »owmie solution and  butadiene? 
form a complex compound at  low temperatura «f UXaülcnc 

and separate again at ei•+   . 7   eiatutes of ai'°^ -10*C 
*~    ïe aeajn &t elevated temperatures.    ThJ* enablo« 

!Z    r ! and iS "***"*«* Citable for low Radiano 
concentrations in the feedstock. *uUdiem, 

Anotner way of butadiene separation i. extractive distillation 
with a selective solvent      Du**• ,U ««illation 
research into thi« i g "* yettrS alter lö4° *•* search into this technique was undertaken in the u S 
Some industrial nlani-« ,,^,i  *    - * 
a*H + < „ furfural with little water as 
additive as the solvent (sec Fig. 2). 

Other solvents,  such as afonia and acetone, were also tried 
out.     SHELL CHEMICAL COBP      TAT TPíWUT* 

-J« i..proveroent in r;;C r« a»chiov<d in 1956 ' 
-in6 uoetonum, instoa, 7.^1 e"1Stlne Plant * 

While ln the Ü.S. the butadieno dem«, u ,tm coverw, „,.  _ 

»«ber ITtLSr   i \ "" 60nst"«"<» <* » g»»t 

ZEL     ; """ "0UrCe °f **•*—.   The ,r«.ta. of 

BW*-^ 



As  shown  in   U.o  fü.ll,,l;i;p u,-j <••.-- 
w.odllppl. r 

í} ülJ-1--   -i".  <:i.hyltînc  plant 
'•Y o_.,   P10.ÜU,: ivo,; naphtha: 

K " p h t jî a 
i 
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G & S    Fraction*!*- »    1 

I Ethylene 

Off«Cus      Kthane 

Propylene C4~Fraction 

Pì'opane 

Residual Oil     j 

Pyrolysis Gasoline 

Depending on the severity oi crackin- the r    i^*-       t 

butadiene concentration of 40 ^    V      V^ion has a 

an, oniy toaTCry llttJe Lent bv £ ctcKiT 'T ^ l> 

Fio-    4   m^t<«»+ x racking severity, 
tiff.   4 piesonts  u  typical curve  of  the yield fPn,  <•„ 
of  light naphtha  in modern * ^ ° Crackii^ 

i? ,loc,CÎ2i s-'Ort-vtme crack-rs at va-vi«, 
cracking severity1'      Tir   -K*   ,     • va. y mg 
yield of r    hi ' tíir:iy s,,ows that the total y*eiu ox C4-hydrocarbons deerr-ase*.' win    • 
verity while, the ,«BïHV aj        '<•-S cracking 

quant.tj  oí butadiene remains constant. 

The butadiene recoverable from -*.,„,„ 
since 1971    <.»*<*, ethylene production covers, 
»met 1971,  the  total demand      TH« ««-    •. 

hydrogénation piants ia Europe gre    ¿° ^ +•
e «» «- 

the butadiene rrom ««Ctln, '„*"   s tl     
1WrtMc' "•«»»• 

development took pia-... i„   , ^    A sM1" 

— eocooo ton?;:; a::j:
pan *""•*t,,fi —* •*** - 

The second part  of tMs , 

fro» pyrolysts ^-fractions, butadiene recovery 
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BUTADIENE YIELD FROM TUBULAR CRACKERS W 

DEPKKDEKCY OF FEEDSTOCK 

) I 

Feedstock 

Kt Itane 

Propane 

Butane 

Light Haphtha 

Mid Kaphtha 

Gas Oil 

Butadieno Output relafr«*» +«  »^ 

appro*, 

ti 

ti 

tt 

2.5?, 

4.5% 

4* 8£» 

4.5% 



Ut.'! A» Ki'C'H 
I-.'.OIVMV 

The  (-e :-i ,(il , , >i ' ' ,-i  . Uff • i  f Jì'UC l   i Opíi ;  lOTì    OÍ 
H    gU'.O I . ne    pyj f. ! y«, i -,    ,, i.       ,.     ,  ,,    , 

Tahl,    TT '•'-' •   ';i<^ w't"'n  tf-   l'"^s  five.-,,   ir. 
labil-   II    CH;;;.,mJ!n,    un    !V. risi ocU, 
design   oí    frac: 

tri-íi.-i'uij; c-\-HJi t ion.-i and 

4'---  tí-«. .i..uxv¡dual hydrocarbons are 
list« c)  accord • r-"   ¡~c\  t-hr • ••    i 

The C4-frnct ion   is  reco- i<rt->ri  nr>   i   K   • . '        . ítco.wft«  ns üc-bufjnjííc-v  overhead   jn  the 
f»ûS   i j .a,'t iOiiH í ton   unit   «UH   <_-* , -i . 
»nd   lo- ho-i-" contins ,ai  C  -.hydrocarbons »nu    Un,'   bOiiir.t    co»,rinnf.i,J   »   .,,,J. , a 

Piopan-isc-r.     Also a  ,.mal»   ann-ní   of  r     w¡   - 

„       ,      , 1Sv'»    i'";-..^-:,   into   tin   0Ví'vJi(.ad product  and   i«   n--i«   m--».-   * ^. •'«»-«a 
x»   u.us  pies*.r«t   an  tre: CV-i'raction. 

As Will   bC*   RCí-n   ferii«  T*..'  i.-    -. -r   j , 
,    , n  íaulu Xi  the boiling points of ^ne C 
hydrocarbon« are «o cJo«c- lo thM   or  u t,,,- 4 

"   ol   butadiene?   tliat  djstillatix'o 
HOparaUon  is not  possible      ijm,v ,u 

a^uiiati\o 
«m., Hmw. , --J01f"     Mcitly the «epavation of b»rtene-2 
.m, u-on earn«! out  !>y íMstoi*H„n  on a U.hni^i  * ,,     , 
column  9  in Fir    <>)     huí   t> . ""•hnical bealo   (see 

»if..   W,   bat   im:  number  oi   .separat i«K  -tare-   i« 
a« ferait   that  IM« column   haw   to be  d¡Vl{1tM   i),f„  fn„ _ 
column*   in  order  not   fa C\t   •«-•.#«•  a   i,   •    • ]w     c 

lpn|ril        M 
CXt   Cd a  t^nmcaliy  feasible column length,     Moreovt r.   tin-, ri; .,¿í ,„,-        , «*WíHH 

,.       . t3'   thlrt ^-nation   is posHible only if, 
the saw aK with th    de hydratation  rt<- v   > 
butvnr   1   *   « t,-nation  oj   butcno,   only  traces  of 

P    "'"•     ,1,c• roaaon  is Hat nzcütropes -xist 

K~   V,.)y   cloBO    to   tlH|t    ot    ,)uta(iicne.1(3i 
nt    POintt- 

Aa already mantioned. a wimii», „„,       .     . 
used fo» H-.f-^ selective solvent should preferably be 
usea lor butadieno separstion.    The f^n-n, 
mantin,„„i „- «-S&0-CAA process may be 
"*"«"« « « oxam„lo of o^ica! extraction  (soc P1,    3) 

C.r.  Morrei  et .,  in 19E4.2)    TfcU ^ 

«olvct which oh«io.ny binds the butadiene. ln°lganie 



T A   ]J  L E II 

LIMITS  OF  COMPOSITION OK  C.-FRACTIONS   IN Vol.-. 
A> and Vol.ppip 

Ethylene 
Ethane 

Propylene 
Propane 
Propadiene 
Propine 

i-Butano 
i-Butene 
1-Butenc 
Butftdlenci-1,3 
n-Butanc 
Huteno-2-trans 
Butene-2-eis 

Vinyl acetylene 
Butyne-1 
Diacetylcne 
Butadienc-1,2 
3~&!ethyl butene-1 
Butync-2 

i-Pentane 
2-Methyl butene-1 
n-Pentane 
Pente»©-2-trans 
Pentene-2-cis 
2-Metbyl butene-2 

Sulphur in the form 
of morcaptan 

Water 

Peroxides 
(as H202) 

Çarbonyl compounds 
(as acetaldehyde) 

Boiling Point *C Concentration 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

103.71 
C8.63 

47.70 
42.07 
34.50 
23.22 

11.73 
6.90 
6.26 
4.41 
0.50 
0.88 
3.72 

5.1 
8.07 

10.3 
10.85 
20.06 
20.99 

27.85 
31.16 
36.07 
36.35  : 
36.94  : 
38.56 

O 
O 

0.5 
0.1 
0.3 
0.5 

1.0 
25.0 
12.0 
40.0 
4.0 
4.0 
4.0 

0.4 
0.1 
O 
0.1 
0 
O 

0.1 
0 
0 
0 
0 
0 

O 

200 

0 

O 

10 ppm 
10 ppm 

2. CS 
0.5% 
0.6% 
1.0» 
2.0% 

35.0% 
18. 0% 
50.0% 

8.0% 
6.0% 
6.0% 

1.0% 
0.3% 

100 ppm 
0.2% 
0.3% 

100 ppm 

1.0% 
0.2% 
0.2% 
0.2% 
0.2% 
0.1% 

10 wt.ppj 

-    1000 ppm 

100 ppm 

100 ppm 

m ÜttBMÜ 
•aü&S 



Technical  pkuts   ,pnía ir,¡; bv   ,:.,    e:: -. -..,. t. i vfî úl: ustión 
principle   .....o   organic   polar  8ul)M:a-,:(s  îiS  solvcnl,   except 
ior   the aniùojiia.     The a;r.mo; i:¡   p<-(,<;   s ...:Us published   in  10ru 

by M.   Poffonborgcr  et al35   and was   operated  by ïxnv Chemical, 
but   it lias not   found a widespread  use,     K.  Smeyka]   and 
H.   Lutgert       investigated a plurality of organic solvents 
as  to their suitability,   but  on3y  furfural53'   6), 
acetonitrlle7)*   S),  N-methylpyrrolidone9>'  10)*   ">'   12) *   13>» 
dimethyl f or,namide15)*  16>*   lö>  and dimethyl ucetnrrude17) *   18> 
have boon applied  on a commercial scale. 

14) 

,  20) f 

I 

Fig.   5 gives a comparison of 24  solvents.    Selectivity, defined 
as  the ratio of  the Bimsen absorption coefficients,   is plotted 
versus solubility expressed ],y  the alpha vu lue fo*   butadiene. 
The  boat sui table solvent« are those with high selectivity 

and  hiffh solubility located at   the   far right-hand top in Fltí.   5. 
It   is obvious that  the four solvent«  located in  the circle 
have  the most  favourable properties.     These are dimethyl 
formamide, N-mothylpyrrolidonc,   acetoni tri le and dimethyl 
aectamidt- which have already beer  applied commercially.     The 
presentation   in  Fig.   5 ¿rives  only a general  survey.     The 

Bunsen absorption coefficients are  the result from equilibrium 
measurements between the single hydrocarbon and the solvent, 
while  in technical extraction distillation the mass transfer 

is between a hydrocarbon mixture and the fat solvent with v/uter 
addition.    The measure for the separation effect  is the 

relative volatility of the individual ^-hydrocarbons versus 
butadiene in the presence of the lat solvent at distillation 
temperature.    v.A.  GorSkovet al.21> carried out mea«uremente 
with the usual solvents the results of Wfcich are given in 

Table in.    column 1 compares the relative volatility under 
ideal conditions without solvent,     it will be seen that 
separation of  butene-1 and  isobutene  is not possible by 

simple distillation  but that extractive distillation with 

rinn 



one  of the solvents   listed does not create any problems. 
The  high relative volatility of methyl acetylene is, 
however, reduced so strongly by the solvent that proper 
separation by extractive distillation is impossible. 
A further exception  is furfural solvent which reduces the 
relative volatility of cis~butene-2.    Th.e initial butadiene 
recovery plants  (Phillips, Shell)  therefore consisted of 
°»e extractive distillation and one or two normal distillation 
units.    Butanes and butènes were separated in the extractive 
distillation column,  methyl acetylene and other low-boilers 
were removed overhead from the first normal distillation column 
and C4-acetylencs (including cis-butene-2 in the case of 
furfural) were recovered as bottoms product from the second 
normal distillation column (see Fig.  6). 

In view of the more severe cracking conditions applied during 
recent years the vinyl acetylene content in the C.-fraction 
from naphtha crackers has increased heavily.    At the same 
time the requirements demanded from the purity of butadiene 
with regard to acetylene compounds have become more stringent. 
This has rendered disti native separation of acetylenes as 
illustrated in Fig.   6 difficult.    At a relative volatility 
of 0.807 versus butadiene separation is rather costly.    More- 
over, vinyl acetylene tends to polymerisation and is, as all 
acetylenes, dangerous at high concentrations.   The acetylene 
Compounds are therefore first removed fro» the effraction 
by mild hydrogénation which requires extra investment cost 
and Involves a butadiene loss of 3-5%.   The new processes 
(BASF, Nippon Zeon,  Union Carbide) eliminate hydrogénation 
and solve the problem by two-stage extractive distillation 
where butanes and butènes are separated in the first stage 
and acetylenes in the second stage (see Fig. 7). 
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BASF developed  a  pre« *s «.-.home whore   the   two solvimi   cycles 
are comb ned  so  that   one pin  le stripper su'faces  (nee Fi£.   p). 

In the design or  butadiene plants spoetai attention has to be 
paÌtì  t'Sî>îhC  polymeriSín:io'1 tendency of butadiene.     R.  F.   Ilobey 
et al. proved thai   butadieno dimerises spontaneously to 
vinyl oyclohoxene similar to the Diels-Alder reaction.    The 
reaction velocity merely depend«? on the temperature,    according 
to Robey ot al.   about  22 ppm d imam per hour occur in pyre 
butadiene at 40*0.    As an Innibitor   to hold back diwerisation 
is not availably,  the butadiene has to be kept constantly at 
low temperature  Lo prevent   the vinyl cyclohexcne content from 
reaching an  unduly high level,     m particular during extended 
storage the  temperature .should not exceed 20*25*C, 

Apart from dimeris-J-ion, chain polymerisation also takes place 
which is initiated mainly by peroxides.    These occur in little 
quantity when butadiene gets  into contact with oxygon or air. 
Care must therefore be taken to see that oxygen does not enter 
butadiene recovery plants.    The formation of peroxide compounds 
and the  -esultine catalytic;   lolymerisation    an be effectively 
prevented by inhibitors.    Suitable  inhibitors are pyrogallol, 
hydvoquinone and similar compounds.    Tertiary butyl catechol 

is mostly used in practice.    It is added to the finished bUadienr 
product in lots of 10 • loo ppm depending on the means of 
transportation and the storage period. 

Another rather unpleasant kind of uncontrolled polymerisation 
is the formation of so-called "popcorn** polymer which occur* 
in the gas phase and produces a porous mass which expands 
and which is even capable of bursting steel vessels.    The 
reaction mechanism is not clarified yet and there exists no 
inhibitor which is effective in the gas phase.    These problems 
can only be avoided by keeping oxygen away from the plant and 

•""»•• -.^¡¿-¿aässihim, 



is   no!   a   problem   prov:i;,d   th.it    the   r1a,,i    «s   s.iMuh'ly  drWli:n,.d 

and   operator!  <«urv f ,1.^ .      T„   .hi:    ^,,0.10,,   it   i»   oí   i*„,o/iuilCC 

to avoid  e.oniaoi  of   ihr  ^r:wn with   ^xy^-n   boterò entering 

the  piftnt,  which cuuhi  h.:rjp«.n   luring   ü i-mîfc  ¿nio tunk trucks 

and   in transit.     Op'rauo, ftt   Jo*   ioinpoi-;.: urcs is an economica i 

prob Im which  is   ihcVii-so,, why «.*t  ai   i íie processo« mate 
a compromise» 

Another rtusou  f.-,r   i^^,,- operai ir,.;   (.•;.,!„r«Lureh  low  is  the 

luci   tl-.:it   nasi-  oi   1 he  !,,»!,  1.^1 {,,,    ,„:V,UH un- 1».  longer »ulti- 

cieotly stabK- ut   th«-iv  !    ! l inp  »o,n(,     Vf-  r.üucc   , he  bolline 

tewpcrmui-« B-lir;. water u.e adth-d   to  UH   scl^t   1„ BQne casos. 

A  hif;h  bolli:-   pti-i„i   h;>-,   UìWUVUV,   th-  rdvantage  1hat   the 

solvent can <^iiy oc  ,-«wod  í vom ti»*.-  r wduot  streams whiio 

in   the CB«C   or  or.t-u«lM. . l.    httvu.f A  r.,l.iJvcìy  low bollini; 

pomi. Hdditi^ul  wa.o   v^., .nel  .vd^u.iaho,, oí  ino accionitrilci 
COiitaini,-,«   walu    :.rt     •,.-.   - ».      !:• d . - ¡ x ¡ ,!l( j an    :.   aerava Ird 
by o^ffof vopi   ior-iï : ,<>.., 

in ail   processes a ornali   pit, i .;. !   s.reu,   ...    ..he solvent  is 

regenmatoa lo rem.«-  h,,.;4  bali,.;* poly.*-,,   and degradatici 

produci«.     H'^ncrftì io,:  tui.es place, xn a supple vauuu* CHKU Ila- 

ción column,  uè botto»..« produci   b„jnÄ «üwliar^d *j-oa the 

plant while the overhead solvent   ts iviuvnvá  to the óyele, 

Pinally a few words may be said about   the purity of the butadiene, 

The specifications have become fi.orfi stringent during recent     * 

Y'.*rs.    The fir»t generally accepted Htsmda.ro« «ero establishod 

in  tl.o forties by the h.i\  ruwM-i.wnt  and were  based on the 

manufacture ot Suit  robin r  (siyr-nc bulad-ion* rubber).     This 
synthetic  ìvbbvr was  r.rcxîw •*• t!  i,«  fruì. .. »-   «,-i. ¡iiK.u.-i. i,y tHuhJon polymer 1 «ation  using 



radicals    .•; catalysts.     Unroi   ortcü residual  butadiene  is 
recovered and returned,   if possible,   to the butadiene recovery 
plant tor purification.     Impurities  in the butadiene reduce 
mors or  less th'   polymerisation velocity.    To balance this 
disadvantage more catalyst bar; to be added whJch   impairs 
thfe eeono/nies <>£ polymerisation,     Reside*, nome unsaturated 
compounds,  such as vinyl acetylene,   adversely ,\i£^ct the 
quality of the polymsr in so far as they result in unties ir ed 
branching or cross-linking of raolecule chains.    The influence 
the individual components have on polymerisation was  investigated 
by JUL. Frank ci al.     ' and the results were used to establish 
a «standard spec i tient ion in 1947 which is given in the first 
column of Tabic IV, 

ile] 

This specification became more ft+vingent with the continuing 
progress in the field of polymerisation over the years and 
the present specification for normal »tyrcno butadiene rubber 
in Bhown in column 2 of Table tv.    When in 1960 stereospecific 
1,4 cis-polybutadiene was introduced as a nu: synthetic rubber 
type,  the requirement«» regarfng butadiene p rity increased. 
Thi;s now product  is obtained by polymerisation using sensitive 
orp,ano«i«etallic catalyst.    The presence of foreign matter in 
tho butadiene causes irregularities in the molecule chains 
formed and thereby impairs the quality,    column 3 of Table IV 
gives a specification for stereospecific rubber. 

ne. The two-stage procesf.es available nowadays enable the production 
of high purity butadiene.   They are economic and have proved 
their merit« in conxmercial operation,    Hesides, they can well 
cope with variations in the acetylene content of the feedstock. 
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