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This invention relates to a method for pyrolyz-

Ang .diacyl «cyanides to igive :monomeric winyl-

ddene -cyanide (also known-as 1,1-dicyano -ethyl-

. éne -or -methylene :malononitrile) -or -one -of ‘its

-homologs is ‘obtained, -and -pertains.more partic-
alarly 4o -a -process wherehy :diacyl cyanides are
Jyrolytically :decarboxylated in.an -efficient man-
ner in high yield -at -atmospheric .pressure ‘with-
out -attendant Josses :of the desired .monomerie
Jproduct.

F is -disclosed {in . 8. Patent 2,476,270 that
the- diacyl cyanide, I-acetoxy-1,1-dieyamo-ethane,
«an ‘be pyrolyzed -at temperatures -of 400° C. to
180°:C. to give monemeric vinylidene ‘eyanide,
-an extremely waluable pelymerizable material
which s especially useful -in the ‘preparation .of
Polymers and interpolymers suitable as syn-
thetic fibers, synthetic resins and ‘plastics: ]

However, unless the process as described in
the patent is -carried out at reduced pressures,
preferably from 2 to :50 mm. -of :mercury, the
yeld -of the .desired menomeric vinylidene Cy-
anide is not :as -high as is :desirable -and .car-
honization :of the pyrolysis tube occurs to a .con-
siderable -extent. This dependency on_reduced
pressure for .optimum results is .quite undesir-
ahle for a number of reasons. Her.example, the
production and maintenance .of such :a vacuum
dnvolves the installation -of -expensive equipment
and the necessity for close operational :controel
Jboth .of which add materially to the Anitial -cost
and up-kees of the pyrolysis plant. .Also, re-
-duced pressure makes necessary -on a large scale
the use of a large pyrolysis tube and/or 4 high
temperature .and limits severely the amount of
Jressure drop through the pyrolysis tube. These
conditions .in turn lead to.a pronounced temper-
ature drop across the gas film at the pyrolysis
tube interface with.attendant -overcracking along
the tube walls and reduced -stability .of the py-
rolysis product. Additionally, reduced pressure
Dyrolysis requires the use of very low temper-
atures for pyrolysis product condensation, this
Tactor .again adding to the cost .of a Dbyrolysis
plant. Also, the reduced pressure process is not
well suited for use on a continuous .scale. As g
resuls of these disadvantages, the process specifi-
cally described in U. S. Patent 2,476,270 is not as
well suited for practical commercial usage .as is
desired.

Accordingly, it is.an object of the present in-
vention o provide a process whereby 1-acetoxy-
1,1-dicyano ethane (diacetyl cyanide), as well

6 Claims. (CL 260—465.8)
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-as.other diacyl cyanides, may be -readily andec-
-onomically ;pyrolyzed .at. atmospheric ‘pressure to
-give high .yields :0f .monomeric winylidene <ey-
anide or a homolog thereof. L

It -is another -ohject of :the .invention o .pro-
vide a -continuous .process wherehy :diacyl cya-
mides can “be .pyrolyzed .at -Substantially -atmos-

Dheric pressure .and -in .sach .a manner that 2
stable pyrolysis product .comprising .the .desired
‘monomer .can .be -continuously recovered from
‘he.process.in high yields. ‘

It ‘is .still .another object -of {he invention o
Pprovide 8 .continuous. process wherehy .diacyl
-cyanides .can .be. .pyrolytically deacyloxyated,
and the resulting :nyrolysis vapors :condensed
‘withaut the .occurrence -of :substantisl Ppolymer-
ization of the menomers present.in the pyrolysis
product. . Other Ghjects -of the .invention will be
-apparent .from the description which .follows.

It has now been discovered $hat the above and
-other objects may be readily attained by.a proc-
ess ‘involving ‘the steps .of fir§t waporizing ‘the
diacyl cyanide, pyrolyzing. the vapors, .nstan-
taneously quénching the hot pyrolysis product
vapors with large velume, a5 compared to fhe
vdlume of the vapors,. of .a Jdiquid .stream of cold
pyrolysis product or a diluent liquid or a tuik-

‘ture-of oth, theréby simultaneously removing
‘the condensed pyrolysis product Trom the.quench
‘Zone. By carrying ouf the pyrolysis process jin
‘this manner it is possible to operate at atmos-
pheric pressure or at pressures .slightly above
‘atmospheric and yet obtsin very high .conver-
slons of .diacyl eyanide to monomeric Vinyl-
‘idene eyanide or ‘Thomdlog, with only hegligible
Ppolymerization of the desired -monomer, or ¢ar-
“bonization of the pyrolysis tibe. Moreover, ‘the:
-brocess can ‘be operated continuvusly and eco-
nomiczlly ‘to give consistently High yiélds of the
'ges'ire“'d ‘monomeric vinylidene cyanide 61 horno-

[0):8 .

. The pyrolysis of diacyl cyanides ‘aecording to
the process of ‘the presedt ‘invention ‘brocesds
substantially as follows: o

N ' .
m«é)—c‘mR' i CTRE

) H
© 30D to'800°T. é
4 ,N- J .

',ON
-
s o

TN

‘wherein.R IS an acyloxy radical, preferably con-

taining from 2 £0.6 carbon atoms, :and R’ is hy-
,dr.og.en or . lower alkyl radical preferably -con~
taining from 1 to 4 carbon .atoms. When R’ is

Bydrogen there s produced vinylidene. cyanide
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.3
and carboxylic acid whereas when R’ is lower
alkyl there is obtained, in place of vinylidene
cyanide, a homolog thereof of the formula

H CN
(S=C/

b ox

The temperature at which the pyrolysis proc-
ess is carried out may be varied widely. For
example, temperatures as low as 300° C. or lower
to 800° C. or even higher are operative. How-
ever, temperatures in the range of 500° C. to
600° C. are especially preferred since temper-
atures above about 600° C. sometimes lead to
“gvercracking” of the diacyl cyanide accom-
panied by substantial polymerization of the
monomer. At temperatures below about 5090°
C. the pyrolysis proceeds quite slowly and re-
quires a large pyrolysis tube in order that the
process be operated efficiently. -

It is desirable but not absolutely essential to
carry out the pyrolysis in the presence of an inert
diluent material which may be either a gas or a
liquid at room temperature. The use of such a
diluent, especially one which is a liquid at room
temperature, is advantageous in that it elimi-
nates the need for installation of a diacyl cyanide
drier and lowers the melting point of the feed,
so that less heat treatment for the molten diacyl
cyanide in the feed system is required, and the
dew point of the pyrolysis product vapors is low-
ered. Also, the use of a diluent lowers the partial
pressure of vinylidene cyanide in the condensed
pyrolysis product vapors. The diluent material
which is utilized may be any material which is
inert toward both the diacyl cyanide and the
monomeric vinylidene eyanide or homolog, i. e.,
it must neither react with nor affect in any sub-
stantial manner said compounds at any stage of
the pyrolysis process. Included among the sub-
stances which are inert toward diacyl cyanides
and monomeric vinylidene cyanide and its homo-
logs are the liquid aromatic hydrocarbons or
halogen substituted aromatic hydrocarbons such
as benzene, o, m, or D-toluene, o, m, or p-xylene,
monochlorobenzene, dichlorobenzene, trichloro-
penzene and the like. Inert diluent gases which
may be utilized include methane, ethane, pro-
pane, nitrogen, hydrogen and helium as well
as mixtures of such gases and the like. It is to
be understood, of course, that the inert diluents
disclosed above do not represent all of the inert
substances which can be utilized. It is also to
be understood that the use of an inert diluent,
while desirable for the reasons set forth herein-
above, is not a critical expedient in the present
process.

Proper and rapid condensation of the pyrolysis
product vapors is highly important to the suc-
“cessful operation of the atmospheric pressure
pyrolysis process. The condensation is best car-
ried out by directing the pyrolysis product vapors
from the pyrolyzer into a quench zone which
desirably is a quench nozzle of restricted volume
where the hot vapors are met with a relatively
large liquid flow of preformed pyrolysis product
or an inert liquid diluent, or a mixture of both,
maintained at a temperature no higher than
room temperature hereinafter referred to as be-
ing “cold” because of ifs low temperature in
relation to that of the hot pyrolysis vapors. . The
¢old flow of liquid instantaneously condenses the
pyrolysis product vapors and removes the con-
denisate from the quench zone immediately, so
that the condensate is not in contact with hot
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vapors for more than an instant. Prolonged con-
taet with hot vapors which causes polymerization
of the monomer, reduction in yield of the desired
product, as well as plugging of the pyrolysis sys-
tem, is thus eliminated. In order that polymer-
ization will be held at a minimum, it is important
that the pyrolysis vapors be maintained above
the dew point until the exact moment at which
they are contacted by the cold flow of quench
liquid. This is readily accomplished by heating
the line through which the vapors pass from the
pyrolyzer to the quench nozzle.

As disclosed hereinabove, the use of large quan-
tities of quench liquid is important in the present
process. Accordingly, it is desirable that the
ratio of quench liguid to pyrolysis product vapors
be at least 50 to 1 on a weight basis, and prefer-
ably nearer 2060 to 1, although higher or lower
ratios may also be utilized. This ratio may be
controlled accurately either by adding liguid
diluent to the diacyl cyanide fed into the pyro-
lyzer or by adding the diluent to the quench
liquid continuously.

It is also desirable that an inhibitor of poly-
merization be incorporated in the liquid pyrolysis
product either simultaneously with the condensa-
tion process or as soon as possible after condensa-
tion of the pyrolysis vapors in order that the
polymerization of the monomeric vinylidene
cyanide will not be initiated by other of the ma-
terials present in the pyrolysis product mixiure.
Many of the commonly used polymerization in-
hibitors such as hydroquinone, phenyl beta-
naphthylamine and the copper salts are not use-
ful for this purpose since they actually catalyze
the polymerization of monomeric vinylidene
c¢yanide, However, cerfain other materials are
useful for inhibiting the polymerization of mono-
meric vinylidene cyanide. Such matberials in-
clude sulfuric acid, preferably of a concentration
of 100% or higher, the halosulfonic acids such
as chlorosulfonic acid, the sulfonyl chlorides such
as toluene sulfonyl chloride or benzene sulfonyl
chloride, sulfur dioxide and the like. Only cata-
lytic quantities of inihibitor are utilized; for ex-
ample, amounts of from 0.01% to 2% of stabi-
lizer, based on the weight of the crude pyrolysis
product, give excellent results. Larger amounts
are not desirably utilized since reduced pyrolysis
product stability is likely to result.

The pyrolysis of diacyl cyanides in accordance
with the present invention will be described in
greater detail helow. Reference is also made to
the aceompanying drawing which is a diagram-
matic illustration of a preferred method for
carrying out the pyrolysis process.

~ Referring to the drawing, there is shown a

melt tank { into which diacyl cyanide and dilu-.
ent, if one is utilized in the diacyl cyanide feed,.
are supplied through feed inlet 2. The diacyl
cyznide and diluent, if any, are heated to about.
100° C. by steam in jacket 3 and the resulting

hot solution is blown by pressure at feed inlet 2
through line 4 into feed tank 5, which is heated
by hot water in jacket 8. The hot diacyl cyanide
(or diacy! cyanide solution if a solvent is utilized)
then discharges through basket strainer 7 where
any tarry residue is removed and is then fed by
metering pump 8 through rotameter 9 and into
vaporizer £0. In the vaporizer 10, the diacyl
cyanide feed is vaporized and maintained at a
temperature of about 260° C. by heat supplied by
electrical heating coil 11 which is supplied with
electrical energy at source i2. The heated vapors
then pass through tar trap 13 where any tarry
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materlals afe removed so as to Prevent plugeihs
of line {4 through which the vapors enteér the
pyrolyzer 5. Line (4 is preferably heated to
prevent condeénsation of the vapors aitd to main-
tain the femperature of the vapors at about
250° €. as they enter the pyrolyzér. Ii pyrolyzer
15 helical coiled tubing 16, preferably éonstructed
of stamless steel or other corroswn resxstant
to f,he pyrolysis temperature by electrwcal heater
11, supplied with eléétrical energy source- 8. As
the vapors from vaporizer 1§ pass throligh the
heated helical coiled tube 1§ they are therimally
deconiposed into moniomeric vlnyhdene eéyanide
oY homol6g, & carboxylic dcid and by-products
Thése pyrolysis prodiict vapors, which al§o coni-
faifi some tunteéscted dlacyl cyanide ard diluent,
if onie is utilized, pass through livie {§ which is
desirdably heated to prevent condensstiors of the
pyrolysis produet vapor, into qiienich riozzlé 28,
I the qliench nozzle 26, the pyr01y51§ proditet
vapors are condensed iristgntareoitsly by 4 Iarge
flow of crude pyrolysis product puniped from
tank 21 by pump- 22 through basket straiier 23

(to remove tarry residue), quench esofer 24 where

heat taken up in the quenchmg operation is
refhioved, line 2§ and vert gas scrubber 26, The
guehch nozzle 20 is so deSIgned that the vapors
ire kept at a temperature ghove their dew point
tntii they enter the quenchiiig zone, MNon-éoii-
densable gases (nitrogen, earbon dioxide snd the
{iké) pass upward through the vent gas scrtibber
26 where the downward flow of cold quench liguid
removes substantlally all of the monomeric vinyl-

idene ¢yanide or homolog from the gases before -

they are vented to the atimosphere. The down-
ward flow of large quantities of guench liquid
through vent gas serubber 26 gnd through quench
fozzle 2§ removes the condensed pyrolysis prod-

uct from the quenching zone immediately after g

éondensation takes place so that a temperature
rise of only a few degrees takes place between
the quench liquid entering and leaving the con-
densation zone. This procedure preveits pro-
longed contact of the liquid econdensate in gquench
nozzle 29 with the pyrolysis produet vapors enter-
ing the quench nozzle through lihe 18 and pre-
vents polymerization of theé monomeric vinyl-
idene cyanide ot homolog in the liquid pyrolysis
produect.

As disclosed hereinabove, it is de51rab1e that an *

inhibitor be added to the erude liquid pyrolysis
product in order to prevent polymeérization of the
mohomeric vinylidehe cyanide after it is re-
moved from the quench zone. The inhibitor is

addeéd o the crude pyrolysis product either in 5

qiiench nozzle 26 or tank 21, or both, being drawn
from storage tank 27 and fed by metering pump
28 through lines 29 and/or 30 into the crude
liguid pyrolysis product. The erude pyrolysis
product is removed from the quench system éon-
tinugusly and fed through lines 3{ into the crude
pyrolysis product storage tank 32 which is cooled
by a refrigerant which is continuously passed
through coil 33.

The crude liquid pyrolysis product in tank 32
may be used as such or rmay be drawn off through
purification line 34 and purified by distillation ot
by oné of Several other methods. For éxariple,
menoferic vinylidene cyanide can be recoveéred
froi the crude pyrolysis product in substantially

pure form by treating the pyrolysis prodict with

Conversioni==
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g ¢enjugated diclefin such gy butadiene or cyelo~
pefitddiehe which rezets with the moneomeric
vinylidene cyanide to form a soHd substituted
cyclohexene which can be separated from the
carboxylic acid and other impurities and pyro-
lyzed at temperatures in excess of about 400° C
to give monomerie: vihylidene cyanide and the
conjugated diolefin,

A}terna;islv’ely, the vmyhdene cyanide can e

'waﬁer to bring about its polymenzatmn after

which the solid polymer can be easily sepgrated
from the liquid materials by filtration or decantz~
tion. The polymerized vinylidene cyanide eat

‘be depolymerized by pyrolysis, preferably at tem-

peraturés of 170° C. t6 250° C., t6 give monomeric
vinylidene ¢yanide, & process described mote fully
in U. S. Patent 2,535,827.

The following examples illustrate in detail the
preparation of pyrolysis product comprising

Jmonomeric vinylidene cyanide according tg the
‘Process of the present invention. The examples

are not intended to limit theé invention, how-
ever, for thiere are, of course, numerous possible
variations and modifications in the procedures
described. In the examples all parts are by

weight.

Example I

Referring again to the accompanying drawing,
lsacetoxy-1,1-dicyano ethane is melted in tank f
and passed, together with monochlorcbenzene
into feed tank 5. From the feed tank theé solu-
tion is pumped into vaporizer {8 at such a rate
that 3.33 parts of 1-acetoxy-1,1-dicyano ethane
are fed into the vaporizer each hour, together
with about 0.5 part of monochlorobenzene per
part of the diacyl eyanide. Vapors from 0 pass
into pyrolyzer i5 which contains a stainless steel
helical coii, 40 feet in length, with a 34 inch
outside diameter and a wall thickness of 0.049
inch. In the pyrolyzer the l-acetoxy-1,1=di-
cyano ethane vapors are pyrolytically deacetoxy-
lated at a temperature of 530° €. The crude

pyrolysis product vapors then pass through line

i§ into quench nozzle 2§ where the vapors are inet
with a large downward flow of a migture of
monochlorobenzene and condensed cride pyrol-
ysis product which is cooled by service water-in
quench liquid cooler 24 and pumped through line
25 and vent gas scrubber 26. The downward
fiow of dquench liquid quickly flushes the cofi~
densed vapors from the condensing zone and thus
prevents prolonged contact of coridensed byrol-
ysis product with heated vapors from the pyro-
lyzer and consequently polymerization of the
mohomeric vinylidene cyanide in the condensate
is substantially eliminated,

Sulfuric acid, to further aid in inhibiting the
polymerization of monomeri¢ vinylidene cyanide,
is continuously metered from acid storage 27 into
the quench nozzle and/or the quench’ liquid stor~
age tank. The flow of acid is adjusted so that
the ¢rude pyrolysis product in storage tank 21
contains about 0.01% by weight of the adid.

The liquid pyrolysis product, which contains
28.4% of monomerie vinylidene cyanide, is conw
tinuously withdrawn through line 3{ into refrig-
erated tank 32, from which the product cah. be
purified or utilized i the ¢rudée form in poly-
merizations. A conversion of 97.1% is obtained,

the conversion being ca.lCula,ted acecordin¢ to the
following formula;

Diacyl cyanide fed to pyrolyzer— Diacyl eyanide in product

]Q]”acyl cyamde‘fed to py_rolyzer
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The yield of monomerie vinylidene cyarnide, based
on the quantity of diacyl cyanide fed to the pyro-
lyzer, is 80.7%.

Examples II to IV

1-acetoxy-1,1-dicyano ethane is pyrolyzed ac-
cording to the general method of Example I
except that the pyrolysis conditions are varied in
order to demonstrate the effect of varying tem-
peratures, feed rates and quantity of diluent.
The operational data are recorded in the table
below.

Example_ .. _._... II . I v
Weight percent 1- | 66.7.. L. .__ 100 (no- dilu- | 66.7.
. acetoxy-1,1- ent).
dicyano ethane
in feed. . .
Parts l-acetoxy- | 6.67. .. ... 10.0. ..o} 6.67,
-1,1-dicyano
ethane fed per
P??&r&sis tube | 40 X 37 0. | 27 X 3§ 0. | 60’ X % O
size. D., 0.049" D., 0.049” D, 0.049"
i wall th. wall th, wall th.
Weight ratio of | 100.___.__ ... | 80 ________ 200.
quench medi-
um to vapors.
Tgnclperature, 560 ool 520 o leees 535.
Inhibitor. .. __._._ 0.019, sulfuric | 0.01% chloro- | 0.01% sulfaric
acid. sulfonic acid. acid.
Percent eonver- | 99.1_ | .. 95.8.
sion.
Percent yield ... 9.9 . 84.0 Loo-o) 0.3,

. Monomeric vinylidene cyanide or a homolog
thereof is also obtained in very good yields when
other diacyl cyanides of the struciure set forth
hereinabove, for example, l-propionoxy-i,1-di-
.cyano propane, 1-propionoxy-1,1-dicyanoc ethane,
or l-acetoxy-1,l-dicyano butane, are substituted
for 1-acetoxy-1,1-dicyano ethane in the examples,
Also, when other temperatures in the range of
300° C. to 800° C. are utilized or when the process
is carried out utilizing other of the diluenis dis-
closed hereinabove, the process operates efficiently
to give high yield of the desired products.

" Although specific examples of the invention
have been herein described, it is not intended to

limit the invention solely thereto, but to include

all of the variations and modifications falling
within the spirit and scope of the appended
claims,

" We claim:

1. In the method for the preparation of mono-
meric 1,1-dicyano ethylene and its lower alkyl 2-
substituted homologs by the vapor phase pyro-
lytic deacyloxyation of a diacyl cyanide at a tem-~
perature of 200 to 8006° C., the step of rapidly con-
densing the hot pyrolysis vapors by bringing a
stream of hot pyvolysis vapors into concurrent
flow with a moving stream of a cold inert gquench
liquid, the weight ratio of quench liquid to py-
rolysis product being at least 50 to 1 and the said
quench liquid containing an inert liquid aromatic
compound and being at a temperature not higher
than room temperature.

" 9. In the method of preparing monomeric 1,1-
dicyano ethylene by the vapor phase pyrolytic
.deacetylation of 1-acetoxy-1,1-dicyano ethane at
atmospheric pressure and at & temperature of
500 to 600° C., the improvement which comprises
rapidly condensing the pyrolysis product vapors
by bringing a stream therecf at a temperature
above the dew point of said vapors into conecur-
rent flow with a moving stream of a cold inert
quench liguid selected from the class consisting
of liquid aromatic hydrocarbons and liquid halo-

genated aromatic hydrocarbons, the weight ra-

tio of said quench liquid to pyrolysis Rroduct be-
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8
ing at least 50 to 1 and the said quench liquid be-
ing at a temperature not higher than room tem-
perature, and rapidly removing the condensed
pyrolysis product and quench liquid from con-
tact with hot incoming pyrolysis vapors.

3. The method of claim 2 in which the guench
liquid comprises a mixture of the cooled conden-
sate resulting from the pyrolysis at 500 to 600° C.
of 1-acetoxy-1,1-dicyano ethane and condensing
the effluent vapors, and at least one other liguid
selected from the class consisting of liquid aro-
matic hydrocarbons and liquid halogenated aro-
matic hydrocarbons,

4. In the method of preparing 1,1-dicyanoc eth-
ylene by the vapor phase pyrolytic deacetylation
of l-acetoxy-1,1-dicyanc ethane at a tempera-
ture of 300 to 800° C., the improvement which
comprises vaporizing a solution of said 1-acetoxy-
1,1-dicyano ethane in an inert solvent selected
from the class consisting of liquid aromatic hy-
drocarbons and liquid halogenated aromatic hy-
drocarbons, pyrolyzing the resultant vapors at
atmospheric pressure and at a temperature of
300 to 800° C. whereby said 1,1-dicyano ethylene
is formed, rapidly condensing the pyrolysis prod-
uct vapors by bringing a stream thereof, at a
temperature above the dew point of said vapors,
in concurrent flow with a moving stream of a
cold inert quench liguid containing an inert aro-
matic liguid, the weight ratio of guench liquid to
pyrolysis preduct being at least 50 fo 1 and the
temperature of said quench liguid being not in
excess of room temperature, and rapidly flowing
the combined stream of pyrolysis condensate and
quench liguid away from contact with hot in-
coming pyrolysis vapors.

5. In the methed of preparing 1,1-dicyanc eth-
ylene by the vapor phase pyrolytic deacyloxya-
tion of 1-acetoxy-1,i-dyciano ethane at atmos-
pheric pressure and at a temperature of 300 to
800° C., the improvement which comprises rap-
idly condensing the pyrolysis preduct vapors by
bringing a stream thereof into concurrent flow
with a moving stream of a cold inert quench lig-
uid containing an inert aromatic compound, the
weight ratio of quench liguid to pyrolysis prod-
uct being at least 50 to 1 and the said quench
liquid being at a temperature not higher than
room temperature, adding te the condensate as
it forms an inhibitor selected from the class con-
sisting of sulfuric acid, and chlorosulfonic acid,
and rapidly flowing the combined stream of py-
rolysis condensate, guench liguid and inhibitor
from further contact with hot incoming pyrolysis
vapors.

6. The method of claim 5 in which the quench
liquid is a mixture of monochlorobenzene and the
cooled pyrolysis condensate obtained from the
pyrolysis at 500 to 600° C. of 1-acefoxy-1,1-dicy-
ano ethane and condensing the efiluent vapors,
and the inhibitor is sulfuric acid.

’ LOUIS F. REUTER.
RICHARD D. SMITH.
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