C. DREYFUS 2,392,316

OXIDATION PROCESS

Jan. 8, 1946.

Filed Sept. 5, 1942

ag o3

yfus =

INVENTOR' .~

1 : /
- %8 o, , 62
| 1es v v 1 A ov| P8
» e fe 1} 1094 : e
81 1 16 o . SP. Y . Sg, Lv3H].
(= e a | €5 — | 6¢ st M AT
| ¥S )
et 28 EN L 3-] Ll Vis -
£8 Ab. 8L . 93 Pas _” 9 | T
1 6L wﬂ. - O I1eeT | 1 Toved | sc | _
- ; g i A 2 - -] HIBTWWYHD FOYNNNS
98 = [or |l b 9| | [ L Noioviy .
8 --108 MN% o] 1 Bl o | Y ‘
126 mm& 1 | [Flu3avosav 01
i I I - = s 0
gL / - 6V T { : ic
: /Emmonm< N N Baat - o5 T Nm [y
Jius Vi, >xm_\.._ﬁ_v»uwx; 25 : 92 :
74 8§ YIAATOH SYO -5 .
or/

LINA NOILJ¥0SaY Svo TINn BNIZIAIXo

Camille Dre

—
L 24
ADYNMNL

—$

re————— M3IMOL

ONILYNOLLOVY S

LINN ONIIIVYD

. ATTORNEYS'



Patented Jan. 8, 1946 SRR 2,392,316

UNITED STATES PATENT OFFICE

| 2,392,316
OXIDATION PROCESS
Camille Dreyfus, New York, N, Y.
Application September 5, 1942, Serial No. 457,381
1 Claim. (Cl 260—533)

This invention relates to the-oxidation -of hy- pherie pressures of 15.to 200 pounds per square
drocarbons and relates more particularly to the inch absolute.
oxidation of unsaturated hydreearbons. - In carrying out the -oxidation of the gaseous un-
An object of my invention is to oxidize tumsatu- saturated aliphatic hydrocarbons, free oxygen
rated hydrocarbons to produce valuable oXygen- -5 may be employed.  Preferably, I employ air as
ated products. the source of oxygen altheugh any mixture com-
Another object of my ‘invention ‘is to oxidize prising oxygen and suitable inert diluents ds
said unsaturated - hydrocarbons ‘to obtain -oxy- suitable. The oxidation reaction may be carried
genated produets in relatively high yields, out at temperatures -of from 400 t0:800° F. while
- ‘Other objeets of my invention will appear from 10 the pressure emplioyed may be from slightly above
the following detailed -description. atmospheric pressure to pressures -of 500 pounds
In the ‘accompanying drawing there is shown per seuare inch gauge.
diagrammatically -a form -of apparatus tthat may For the oxidation reaction, the ratio -of oxy-
be used in carrying out my invention. gen employed. o the volume of ‘gaseous unsatu-

Mixtures -of ‘gases containing varying amounts 1§ rated hydrocarbon employed, may vary. ' ‘Satis-
‘of unsaturated hydrocarbons 'are formed as the factory results may ‘e obtained if, for each wol-

by-produet of a number of ‘industrial processes, ume -of gaseous hydrocarben added to the sys-
such as, for example, petroleum cracking. -Such tem, there are -added from 3 to 10 -volumes of gir
‘gas mixtures are frequently employed as indus- while ‘at the same time from 20 to -80 volumes' of
trial heating media since the gaseous combustion 9o unreacted hydrocarbon gas are recycled. :Op-<
Teaction may be-easily and accurately controlled. timum results are obtained whenthere are added

‘While the gas mixtures are valuable as heating ‘to the system -about 7 volumes of air for €achvol-
media, they are-even more valuable as'a raw ma- ‘ume of gaseous ‘hydrocarbon -and 50 wvelumes of

terial for the manufacture of vanous oxygen- _. = ‘gaseous ‘hydrocarbons are recycled,
‘ated organic compounds, ‘g~ After the oxidation reaction the oxygenated
I have now discovered ‘that unsaturated a#li- products, tegether with the unreacted .gases, are

‘phatic gasecus hydrocarbons may be oxidized at passed +10-an absorption system wherein the oxy-
‘elevated temperatures :and pressures “with free ‘genated ‘products -are separated, The absorption
‘oxygen ‘to yield valuable ‘oxygenated --organic . -system also ‘may operate under pressure. ‘The
compounds. “The products which ‘may 'be ob- ‘S0 unreacted ‘hydrocarbon gases -are removed from
tained in accordance with my invention are, for the gases ‘whieh remain and are recyeled to the
example, ethylene -oxide, -acetaldehyde, -€thyl -al- 'oxidation zone. ‘The nitrogen, carben monoxide,

cohol, aeetic acid, formaldehyde, methyl -alco- carbon dioxide and -oxygen which remain -after

hol, acetone and higher ketones and alcohols, -~ removal.of the hydrocarbon gases are then vented
‘The gaseous mixtures containing unsaturated 85 to the ‘atmosphere.

aliphatic gaseous hydrocarbons employed ‘in ‘ac- ‘The ‘process ¢f ‘my :invention will now ‘be de—

cordance with my novel process may be obtained - scribed withreference ‘to the accompanying draw-

from ‘any suitable -source. Preferably, the gas- ing.

eous mixtures employed are ‘those ‘obtainable ‘by “The charge stock, which ‘is cracked to yield ~the

o

cracking saturated hydrocarbons and -mixtures 40 gaseous ‘mixture -of unsaturated aliphatic hydro-
of said hydrocarbons; eitherin the liquid or vapor carbons, is caused to enter the-system -through a

phase, which produces a mixture of ‘gases pre- line 't, - The stockis forced in-under the desired
dominantly unsaturated in character, cortaining pressure 'by-a pump’ 2 ‘which -may be -either a
substantial quantities of ethylene and Yigherun- ~ liquid ‘pump or 3 gas compressor, dépending -upon

saturated aliphatic hydrocarbons. The charg- 45 whether or mot the charging stock s liquid -or
ing ‘stock supplied to the cracking unit may ‘be gaseous in nature. ‘When ‘the cracking unit s
either liquid or gaseous in-character. 'The -condi- operated under sub-atmospheric -pressures, ‘the
tions of ‘operation ‘in the cracking unit may be pump ‘may -be -elimindgted :or ‘by-passed. ‘From
varied to handle the different types of charging pump 2, the charging stock 'is passed through -a
~stock and to crack them ‘to maximum yields of 0. jine 3 to ‘the -‘cracking ‘furnace 4 -where it enters
unsaturated aliphatic hydrocarbon ‘gases. “The coils 5 -and-6 dnd is-heated to:cracking tempera-
cracking unit ‘may -operate at temperatures ‘of ture. The ‘cracking temperature ‘will vary :de-
from 1000 to 2000° F. and the-pressure may range pending -upon the nature of the :charging -stock,
from subatmospheric pressures of from about 4 From ‘the ‘furnace, the .cracked mixture -flows:
‘pound per ‘square inch -absolute-to ‘super-atmos- 8% through:aline-T to'a fractionating tower 8after:




o

having been quenched by a portion. of the resid-
ual prodict from the bottom of the fractionat-
ing tower 8. The quenching liquid is drawn
through a line 9 and forced by a pump 18 through
a cooler Il and into line 1. This quenching op-
eration serves to arrest the cracking reaction and
- - to reduce the temperature at the base of the frac-
| tionating tower. Heavier residual liquid products
formed ‘in the cracking operation are removed
from the base.of the tower through line 12 which
is prov1ded with ‘a Valve {3. The cracked gaseous
mixture passes overhead from the tower through
line 14, enters a condenser 15 and is collected in
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to enter at 38 and to quench the hot gases leav-
ing the reaction chamber 31.

The reaction chamber of variable volume may
comprise a reactor containing a movable piston
which is adjustable so that the volume of the
reaction chamber may be increased or decreased.
A variable effective volume may also be obtained .
by employing a reaction chamber which is pro-
vided with a plurality of valved discharge ports
extending the length of the chamber. By-open-
ing any one of the several valved discharge ports
and closing the remainder, the effective volume

. of the reaction chamber may be varied. If, for

a receiver 5. A portion of this gaseous mixture -

condenses and accumulates at the base of Te-
ceiver 16. This liquid is returned to the top of

the fractionating tower. as a reflix medium
through pump 17 and line 8. “Any excess liquid
condensation product accumulating in the re-
i6 may be removed from the system

ceiver
‘through line i§ which is provided with a valve 20.
This excess liquid may be returned to the charg-
‘ing stock and. recycled through the process to
yield-more. cracked gases., . -

.The crackmg unit may operate under sub-at-
mosph_erlc -or  super-atmospheric pressures
When  operating under super-atmospheric pres-
“sure-the pressure is controlled by valve 21 with
_valve 22 closed and valve 23 open. - When oper-
ating under vacuum, valve 23 is closed, valves 22
and 22’ are opened and the desired vacuum is
maintained on the system by means of .a vacuum
pump 24.

The nuxtu.re of unsaturated aliphatic gaseous

hydrocarbons from receiver 16 is _delivered
through line 25 to a gas holder 28.. Any desired
portion of the gas may be returned to the crack-
‘ing zone for further cracking by means of a com-
pressor 21 through lines 28 and 29 in order to

increase . the -proportion . of unsaturated hydro-:

carbons in the gases:

The gaseous mixture of unsaturated aliphatic
hydrocarbons from holder 26 is charged to the
oxidizing section through line 30 by means of a
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compressor 31 which compresses the gas from the

gas holder pressure to the higher operatmg pres-
sure ‘required _in_ the oxidizing section. The

charge of gas is joined by recycle gas which enters
-Air is forced into the mixed’

through a line 32.
gases in-line-38 by a compressor 33, the air en-
tering through. @ line- 34. The mixture of

charge gas, cycle gas, and air i$ then passed to;
the furnace- 35 where it .enters coils 36 and is'

brought- up -to- optimum  reaction ‘temperature.
The oxidizing reaction is continued in.the reac-
tion chamber 31 located just beyond the furnace
dlscharge
signed as to provide a variable volume and in this
way- the reaction time may be confrolled. The
smaller the. Volume provided, the shorter will be
the reaction period since, W1th a given volumet-
. rie velomty, the reacting gases will pass through

the reaction chamber ‘after being subjected to the
reaction conditions for only a relatively short.pe-
riod.of time. The greater the volume provided,
with-the same ‘volumetric velocity, the longer will
be -the reactlon time, due to the more extended
period during which the reacting gases are sub-
jected to: reaction  conditions. - As the hot gas
mixture. leaves the. reaction . chamber, it is

quenched by -the injection.of cold liquid at 38-

- through. line .39 and.the whole mixture is cooled
in a cooler 40 and flows through a line 41 to a
separator ‘42.- ‘A portion of the. liquid conden-

sate-is returned through a hne 43 by & pump 44

The reaction chamber 3T is so de- -
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‘example, the discharge port furthest from the
‘inlet is opened and the others closed, the react-

ing gases will traverse the full length of the re-
action chamber. The reaction time will, there-
fore, be long. - If, however, the discharge port

_ closest to the inlet is opened and the remainder

closed, the reacting gases will be in the reaction
chamber for only a relatively limited period and
the reaction t1me will be quite short .

The liquefied portion of the’ products in sepa-
rator 42 is withdrawn through a line 45 provided
with a valve 46 and directed. to a recovery stage
(not shown). "This product contains formalde-
hyde and a small amount of recoverable volatile
products in water solution. The volatile prod-
ucts are removed from this solution and the
formaldehyde may be concentrated to & suit-
able concentration of commercial utility.

The gaseous portion of the oxidized products
leaves separator 42 through line 41 and enters

an absorber 48 where the water- soluble compo-
nents are absorbed in water entering the top of
the absorber through line 49. The absorber is
operated under a pressure of, for example, 100
pounds ber square inch. This pressure is con-
trolled by the pressure control valve 50.. This
valve. likewise controls the pressure on the ox1-
dizing zone.. On the upstream side of -the pres-

sure control valve 50, a portion of the gas which
is unabsorbed is recycled through line 51, booster . -

compressor 52 and line 32 back to the furnace 35.

The water used for absorptlon, together w1th
the water-soluble products dissolved thérein; is
removed from the base of the absorber through
line 53 and valve 54 and is passed through a ‘heat
mterchanger 55 and then through a line 56 into
a recovery still 57 for recovery of the volatile

»products Still 5T operates at-substantially at-

mospheric. pressure.. - The vo]atile water-soluble
products- are distilled overhead through a-line
58 and & condenser 59 and collected in the re-
ce1Ver 60. A portion of the condensate from the
receiver 60 is returned to the top of the tower for
reﬁux medium throuh pump 61 and line 62.  Still
51 may- be heated by any conventional -means
such as by a steam heatlng coil 63... A portion of
the stripped aqueous residue from the base of
the -still is returned. by ‘line 64 and pump 65
through heat exchanger ‘55 and cooler 66.to the
ahsorber 48 to be used for absorbmg more Water-
soluble products. “Excess strlpped ‘water is. re-
moved from the still through line 67 which .is
provided with a -valve 68. The condensed ‘prod-
uct collected in receiver 69. is-a mixture of ethe
ylene oxide, acetaldehyde, ethyl aleohol,. acetic
acid, methyl alcohol, acetone and hlgher alco-
hols and ketones, and this mixture is directed
through. 3 line 69 to a purlﬁcatlon stage (not
shown), -where “the mixture - may be- separated
into several md1v1dua1 components in -any sult-
able manner .

The gas exhausted from the absorber 48
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through pressure control valve 50 contains un-
converted hydrocarbon gases, together with ni-
" trogen, carbon monoxide, carbon dioxide and a
small amount of oxygen remaining from the air
injected into the system. This gas passes through
a line 70 to a gas absorption unit. This unit
comprises an absorber 71 and g still 712. The en-
tering gas flows upward and counter-current to
the downward flow of absorber oil which enters
the top of the absorber through line 73. The de-
sired pressure is maintained on the absorber Ti
by a pressure control valve 14 and is held at a
point somewhat below the operating pressure in
the absorber 48 in order to permit fiow of the
gas through line 10 to absorber Ti{. The down-
ward flowing absorber oil absorbs the hydrocar-
bon gases. The remaining gas, free of hydro-
carbon constituents, leaves absorber 71 through
a vent pipe 15 and is discharged to the atmos-
phere, .

The absorber oil containing the absorbed hy-
drocarbon gases is discharged from the base of
the absorber 71 through line 76 and is forced by
a pump 17 through heat exchanger 18, a pre-
heater 79 and a line 80 into recovery still 72.
In this still the dissolved hydrocarbon gases are
distilled overhead through line 8 and enter a
condenser 82 where they are cooled and partially
liquefied, The partially liquefied product enters
a receiver 83 for collection and separation. The
temperature of condenser 82 is adjusted so that
only that amount of liquid required for reflux in
still 72 is condensed. This liquefied portion is
returned as reflux to the top of still 72 by a pump
84 through line 85. The balance of the recovered
hydrocarbons are discharged as a gaseous mixture
through pressure controller 86 and are recircu-
lated to the furnace 35 through line 81. The pres-
sure on still 72 is maintained at a point high
enough to refurn the hydrocarbon gas mixture
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from receiver 83 back to the oxidizing furnace
under its own pressure.

Recovery still 12 may be heated by any con-
venient means such as a steam coil 88. The
stripped absorption oil is then returned to the
top of the absorption tower by a pump 89 through
lines 90 and 9f. The oil passes through heat ex-
changer 718 and a cooler 92 and enters the top
of absorber 71 through line 13. Fresh absorber
oil may be supplied to the system through a
line 93. ’

The operation of my novel process is relatively
simple and produces excellent yields of oxygenat-
ed products without the formation. of excessive
amounts of tar and other products such as carbon
monoxide and carbon dioxide.

It is to be understood that the foregoing de-
tailed description is given merely by way of illus-
tration and that many variations may be made
therein without departing from the spirit of my
invention. .

Having described my invention, what I desire
to secure by Letters Patent is:

Process for the production of oxygenated or-
ganic compounds, which comprises mixing one
volume of a gaseous unsaturated aliphatic hy-
drocarbon with about 7 volumes of air and adding
to said mixture about 50 volumes of anhydrous
unreacted gaseous unsaturated aliphatic hydro-
carbon recycle, heating the anhydrous mixture
to a temperature of 400 to 800° F. while under a
superatmospheric pressure of not more than 500
pounds per square inch, passing said reacting
mixture to a catalyst-free reaction zone, allow-
ing, the reaction to continue therein to form oxy-
genated organic compounds, condensing the mix-
ture of gases formed and injecting a portion of
the condensate into the gaseous mixture leaving
the reaction zone to halt further oxygenation.

CAMILLE DREYFUS.




