
Jan. 9, 1951 L. A. NICOLAI ET AL 2,537,079 
PREVENTION OF COKE FORMATION 

IN PYROLYSIS OF ACETONE 
Filed June 4, 1948 

S. 

: 

<g 
-logg.9.22-colo, 

Öderard C.J.6.2icholson 
sJohn O. 5m2th 

&g Aenny get? Ottorn e-SS 
Sr2W er2ters 

  

  

  

  

  



Patented Jan. 9, 1951 2537,079 

UNITED STATES PATENT OFFICE 
2,537,079 

PREVENTION OF COKE FORMATION IN 
PYROLYSS OF ACETONE 

Lloyd A. Nicolai and Edward W. S. Nicholson, 
Baton Rouge, La., and John O. Smith, Coventry, 
England, assignors to Standard Oil Develop 
ment Company, a corporation of Delaware 
Application June 4, 1948, Serial No. 31,126 
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This invention is directed to a process for 
treating apparatus for carrying out reactions, 
such as are used in the production of gases and 
vapors by the distillation and cracking of ma 
terials containing them, in the vapor or liquid 
phase in metal wall reaction chambers or in the 
presence of metal parts or elements. More par 
ticularly, this invention relates to the condition 
ing of alloy steels containing high percentages of 
chronium and nickel which are to be used in the 
distillation and cracking of materials in the 
vapor or liquid phase. 
In commercial processes in which organic com 

pounds are distilled or cracked in tubes, vats, 
chambers or containers composed of ferrous al 
loys containing high percentages of chromium 
and nickel, it is a well-known fact that the high 
nickel content of the reaction chamber surfaces 
results in the formation of excessive amounts of 
coke which soon fills the tubes, vats, chambers or 
the like, necessitating costly shutdowns for pur 
poses of cleaning out the coke. 

It is, therefore, the main object of this inven 
tion of provide a method for conditioning the Sur 
faces of a high chrome-high nickel steel prior to 
its use in the cracking of Organic compounds so 
as to substantially reduce or even to eliminate 
coke formation. 
According to the present invention the above 

difficulties due to coking are overcome by sub 
jecting the inside surfaces of the metal tubes to 
a novel conditioning treatment which involves a 
starting-up procedure using controlled condi 
tions of repeated cracking and regeneration. 
The invention contemplates the practice of reac 
tion processes of the character referred to, by 
preliminarily giving this treatment to the metal 
surface or to the interior surface of the metal 
piping, vat, chamber or container which is to be 
employed in the reaction process so as to condi 
tion the metal surface and thereby prevent ex 
cessive coking when the metal surface is subse 
quently used in the above-described process. 
The invention will be described in connection 

with the process of cracking ketenizable material 
such as acetone, acetic acid, acetic anhydride or 
the like, to produce ketene, but this is intended 
to illustrate the method and the invention is not 
intended to be limited to Such use. In general, 
all the prior art processes either definitely state, 
or by setting forth examples indicate that the 
pyrolysis of acetone or other ketenizable material 
should be carried out in carbon, copper, quartz, or 
silver pyrolysis apparatus. While copper is satis 
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respect to ketene, from the structural standpoint 
and for high temperature use, copper presents 
certain disadvantages. For example, it may be 
come necessary to sheathe or otherwise protect 
the copper reaction chamber in order to prolong 
its life. Furthermore, copper oxidizes during pe 
riods of regeneration and is not structurally 
Strong. A high-chrome-no-nickel steel fails upon 
repeated heating and cooling, unless tempered by 
slowly heating or cooling each time. This is im 
practical in an emergency shutdown, for ex 
ample, when the temperatures have to be dropped 
rapidly. Carbon steel is unsatisfactory because 
it causes severe coking and is not capable of 
Withstanding temperatures over 1100°F. A high 

, chrome-low-nickel steel such as an 18-8 chrome 
nickel alloy is unsuitable for the Same reaSOn al 
though it can take a slightly higher temperature. 
Consequently it has been found desirable to use 
a high-chrome-high-nickel steel in the reaction 
chambers when pyrolyzing a ketenizable material 
to ketene. For example, an alloy of the following 
composition has been found to be particularly 
Suitable: 

23-27% chromium 
12-20% nickel 
IeSS than 0.2% carbon 
Balance substantially iron 

Such a material has the advantage over copper 
in that it is not oxidized at Operating tempera 
ture and it has the advantage over silver in costs. 
Yields may be obtained that are as good as any 
obtained by using copper or Silver. 

For better appreciation of the invention, refer 
ence is made to the accompanying drawing in 
which numeral 2 represents a vaporizer means for 
acetone, which may be a simple coil as shown, or 
a metal stillpot or the like. The vaporizer is con 
nected by line 3 to preheater 4 which likewise 
may be of simple construction, comprising merely 
a S-coil or the like. 
The preheater 4 is illustrated as a coil of large 

diameter to provide low pressure drop and may 
be composed of the alloy described above. How 
ever, it may, if desired, consist of rows of straight 
tubes connected in series or parallel by means bf 
return bends or headers. It is connected by con 
duit 5 to pyrolysis chamber 6 which may be a 
single tube or coil or other type of enclosed 
chamber, but is of less diameter than the pre 
heater and is composed of the alloy described 
above. Chamber 6 is connected by line 7 to ab 
sorption tower 8 which may be of any convenient 

factory because of its non-catalytic activity with 65 construction. 
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Tower e is provided with conduit means 9 for 
introducing acetic acid to be reacted with the 
ketene and with draw-off means to at the base 
of the column connected with fractionator f. 
The upper part of the absorber is provided with 
vapor take-off means 2 connecting with Con 
denser 3, Fractionator it is provided with bot 
tom draw-off means 4 and vapor take-off con 
duit 5 which passes through condenser 6 to the 
top of absorber 8. Part of the condensate from 
condenser 6 is returned to fractionator 
through line 5A for reflux and at least a part 
is preferably passed to absorber 8 through line 25. 
Condenser 3 is connected with line 7 to Scrub 
ber 8 which is provided at its top with means 9 
for introducing scrubbing liquid and vent line 20 
for removing gase- and connects at its bottom 
with line 9 into the absorber 8. The liquid con 
densed by condenser 3 is recycled by line 23 back 
to the feed inlet to the vaporizer and preheater 
zones. Means are provided in absorber 8 and 
fractionator for supplying heat, such as steam 
coils 2 and 22. 

In operating the process of this invention for 
the continuous cracking of acetone, a positive 
gage pressure of about five pounds is maintained 
on the apparatus but with an inlet temperature 
of the gas to the cracking zone of about 1150 to 
2009 F. and an outlet temperature for the 

vapors of about 1300 F-1400° F. when acetone 
is being cracked. The contact time of vapors 
with cracking temperatures should preferably be 
between 0.25 and 0.75 second, and the vapors 
preferably should have a mass velocity in the 
cracking zone of about 10-40 lbs./sq. ft./sec. 

If the above appartus is immediately used for 
the cracking of acetone under the above condi 
tions, the tubes of pyrolysis chamber 6 soon be 
come plugged with coke. If, however, the tubes 
of chamber 6 are first submitted to closely con 
trolled conditions of acetone cracking and treat 
ment with steam and air, the tubes become con 
ditioned and no longer plug up with coke. In 
order to accomplish this conditioning acetone is 
introduced into coil 6 at 10-50 lbs./sq. ft./sec. 
mass velocity, with a contact time of 0.1 to 10 
sec. and temperatures between 1150' and 1400 
F. It is essential that the flow rate and pressures 
be held constant during the cracking operation 
and under some conditions it is desirable that the 
temperature be increased slowly from 1100° F. up 
to the final temperature used. The rate of rise 
should be about 10 to 50 F. per hour. y 
As soon as coking sets in, as indicated by in 

creased pressure across the reaction tube, the 
acetone feed is cut off, the coil is flushed with an 
inert gas and subjected to treatment with a mix 
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ture of steam and air at temperatures between 
1600 and 1800 F. until the coke is removed (re 
generation). The treatment with acetone and 
then with steam and air is repeated under the 
same conditions after cooling, at least once and 
preferably several times with a maximum total of 
about six after which the temperature in the re 
generation step is reduced to 1400-1500 F. and 
the same sequence of steps, under these reduced 
temperature conditions, are repeated until crack 
ing occurs without pressure increase across the 
cracking coil. The above sequence of steps can 
be carried out with the temperature in the regen 
eration step maintained throughout between 
1400 and 1500°F. The conditioning may be has 
tened by using a fast temperature start-up during 
the cracking step, that is, the temperature is 
taken from below the cracking range of about 
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100° E, to the final cricking temperature in from 
fifteen minutes to One hour. 
In actual pilot plant operation, a new coll of 

the above composition was conditioned by the foll 
lowing operations: 

1. Regeneration with steam and air at 1550 F. 
2. Cracking of acetone at 1200-1300 F. foll 

lowed by regeneration at 1750 F. with steam and 
air. This was repeated three times more, with 
cooling to 1100°F. prior to each cracking step. 

3. Cracking of acetone at 1200-1300 F. followa 
ed by regeneration at 1450°F, with steam and air. 
This was repeated Once. 

After the above steps, cracking of acetone was 
started with no deposition of carbon in the tube 
and with very low dehydrogenation indicated. 
While it is not intended to limit this invention 

by any theory as to what occurs by the above de 
scribed treatment, metallurgical examination of 
the conditioned tubes indicated that a thin skin 
around the inner surface of the tube had been 
changed by the addition of extraneous carbon 
not present in the original metal and that carbon 
originally present in the metal had been precipi 
tated on the grain boundaries. X-ray diffraction 
patterns did not show conclusively what the na 
ture of the thin inner protective surface was, but 
it is believed that carbide formation had occurred. 
A tube conditioned in the above manner should 

not be cleaned by mechanical means since it has 
been found that if the conditioned surface is 
scratched it is necessary to start the conditioning 
process again in order to prevent coking. It is, 
therefore, preferable to burn out any deposits in 
the tube rather than Scrape or bore them out. 
The above-described conditioning process while 

described in detail as applied to the cracking of 
acetone to produce ketene, is equally applicable to 
Other pyrolytic processes, such as the dehydro 
genation of butane, in which high-chrome-high 
nickel steels are required for structural strength 
at the high temperatures necessary for the reac 
tion, but in which the nickel or chromium may 
catalyze undesirable side reactions. 
The nature and obiects of the present invention 

having thus been fully described and illustrated, 
What is claimed as new and useful and is desired 
to be secured by Letters Patent is: 

1. In a process for the manufacture of ketene 
by the pyrolysis of acetone wherein a chemical 
reaction in a ferrous metal container, the inside 
Surface of which is composed of 23-27% chro 
mium, 12-20% nickel, and the balance substan 
tially iron, results in excessive coke formation of 
the inner surface of the container, the method of 
conditioning said surfaces and preventing said 
excessive coke formation which comprises prelim 
inarily contacting said surface with acetone at a 
temperature between 1150° and 1400° F. until ex 
cessive amounts of coke are formed on the surface, 
Subjecting the coke-covered surface of a regen 
eration treatment with steam and air at a tem 
perature between 1600 and 1700 F. until the coke 
is removed, repeating the pyrolyzing and regen 
erating steps Several times under the same con 
ditions and then repeating the same steps for sev 
eral more times while maintaining a temperature 
of 1400-1500 F. in the regeneration step until 
coke no longer forms on the surface. 

2. In a process for the manufacture of ketene 
by the pyrolysis of acetone wherein a chemical 
reaction in a ferrous metal container, the inside 
Surface of which is composed of 23-27% chro 
nium, 12-20% nickel, and the balance substan 
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tially iron, results in excessive coke formation of 
the inner surface of the container, the method of 
conditioning said surfaces and preventing Said 
excessive coke formation Which compriseS pre 
liminarily contacting said Surface with acetone, 
while increasing the temperature from 1100°F. up 
to a temperature not lower than 1150 F. and not 
over 1400 F. at the rate of 10 to 50 F. per hour, 
maintaining the final temperature reached while 
continuing to treat with acetone until excessive 
amounts of coke are formed on the surface, Sub 
jecting the coke-covered surface to a regenera 
tion treatment with steam and air at a temper 
ature between 1600 and 1700 F. until the coke is 
removed, cooling the coke-free surface to 1100 F., 
repeating the pyrolyzing and regeneration steps 
Several times under the same conditions and then 
repeating the same steps for Several more times 
while maintaining a temperature of 1400° to 
1500° F. in the regeneration step until coke no 
longer forms on the surface. 

3. In a process for the manufacture of ketene 
by the pyrolysis of acetone wherein a chemical 
reaction in a ferrous metal container, the inside 
surface of which is composed of 23-27% chro 
mium, 12-20% nickel, and the balance substan 
tially iron, results in excessive coke formation of 
the inner surface of the container, the method of 
conditioning said Surfaces and preventing said 
excessive coke formation which comprises prelim 
inarily contacting said surface with acetone while 
rapidly increasing the temperature from 1100° F. 
up to a temperature not lower than 1150°F, and 
not over 1400° F. within 15 minutes to one hour, 
maintaining the final temperature reached, while 
continuing to treat with acetone, until excessive 
amounts of coke are formed on the surface, sub 
jecting the coke-covered surface to a regeneration 
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treatment with steam and air at a temperature be 
tween 1600 and 1700°F. until the coke is removed, 
cooling the coke-free surface to 1100°F., repeating 
the pyrolyzing and regeneration steps several 
times under the same conditions and then re 
peating the same steps for several more times 
while maintaining a temperature of 1400-1500 F. 
in the regeneration step until coke no longer 
forms On the Surface. 

4. Process according to claim 1 in which each 
and every regeneration step is carried out at 
1400-1500 F. throughout the conditioning 
treatment. 

5. Process according to claim 2 in which each 
and every regeneration step is carried out at 
1400-1500 F. throughout the conditioning treat 
ment. 

6. Process according to claim 3 in which each 
and every regeneration step is carried out at 
1400-1500 F. throughout the conditioning treat 
ment. 

LLOYD A. NICOLAI. 
EDWARD W. S. NICHOLSON. 
JOHN O. SMITH, 
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