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Steam to charge stock is extremely important. 
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Thisapplication relatesto a process for producing ole 
fins and more particularly to a process for producing 
normal alpha-olefins by cracking parafinic Stocks. 

Olefins,particularly normal alpha-olefins,are often ex 
tremely desirable for use in many chemical reactions. 
For example,a convenient and extensive use for olefins 
residesin the Oxo process wherein they are reacted with 
hydrogen and carbon monoxide in the preSence of a 
catalyst,generaly cobalt carbonyl,at high preSSures and 
moderate temperaturesto produce a product predominat 
ing inaldehydes having one more carbon atom than Said 
olefins,The aldehydes produced are often,in turn,hy 
drogenated to the corresponding alcohols. Since primary 
straight chain aldehydes and,particularly,the corre 
sponding alcohols are extremely valuable commercially, 
it is apparent that normal alpha-olefins would be con 
Sidered attractive as charge stockin the Oxo proceSS. 
In accordance with the present invention,parafinic 

hydrocarbons such as petroleum waxes,are subjected to 
well-defined cracking and recovery operations wherein 
a large conversion of said hydrocarbons to a product 
predominating in normal alpha-olefins is obtained. At 
the sametime,secondary reactions ikeyto resultin the 
production of undesirable diolefins and isomerization, 
polymerization,decomposition, etc.,products are in 
hibited. 
As an illustration of but one embodiment of my in 

vention,a fow diagram of the present process is shown 
in Figures 1,2 and 3 of the drawings,which drawings 
are hereby incorporated in and made part of the pres 
ent application, 
Aparafinic charge stockis introducedinto the system 

by line 2,preferablyin the molten state atatemperature 
of about200°to about300° F. Priortoitsintroduction 
into the cracking zone,the charge can be joined by a 
recycle stream, described and defined hereinafter,in line 
4. In order to vaporize the combined charge in line 6, 
Waterisintroducedin the system by line 8 and converted 
to steam in heater 9 by any convenient means,for ex 
ample bygas burners,not shown,to a temperature of 
about 900°to about 1200° F. The temperature of the 
Steam should be high enough to vaporize the combined 
charge from line 6 but lowenoughto prevent appreciable 
cracking thereof before its entry into the cracking zone. 
The preSSure of the charge in line 6 and of the steam 
producedin ine 8,though not critical,should be suf 
cient to overcome pressure drop through the system,I 
have found thata pressure between about 15to about40 
pounds per square inch gauge is suficient for such pur 
pose. In order to obtain eficient and optimum vapori 
zation ofthe charge stock and to controlthe contacttime 
of the charge stock in the cracking chamber,the ratio of 

fn gen 
eral at least about 2 percent by weight,and preferably 
about3 to about 40 percent by weight, of steam,based 
upon the total charge stock,is suficient to vaporize the 
charge Stock satisfactorily and maintain the desired con 
tact time. As charge stock any parafinic hydrocarbon 
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Such as wax,natural as wellas synthetic,is suitable,al 
though apetroleum Waxis preferred. Itis furtherpref 
erable that the wax be substantialyfree of oil. While 
Waxy materials containing up to about 41 percent by 
Weight of oil have been used successfuly,a preferred 
chargewould containless thanabout16percentbyweight 
of oil. Best results are obtained using petroleum paraf 
fins having a meltingpoint ofabout 130°to about140° 
F. and an oil content of less than about one percent by 
weight. - - 

The molten charge stock and steam are combined in 
line 10 and passed through crackingchamber12 wherein 
the vaporized charge stockiscracked and a hydrocarbon 
mixture predominatingin C2to C20olefins,inthepresent 
example,is obtained. In order to obtain satisfactory 
Crackingin chamber i2,careful control of the reaction 
conditions thereinis required. Thetemperature must be 
at leastabout1000° F.in orderto crackthe chargestock 
atareasonablerate,butshouldbemaintainedbelowabout 
1250° F. in ordertoinhibit secondary reactions and pre 
Vent excessive cokingin chamber12. Preferablyatem 
perature of about 1000°to about1175° F. and a pres 
Sure ofaboutone to aboutthree atmospheresis extremely 
satisfactory The residence time is similarly extremely 
important in order to obtain satisfactory cracking and 
inhibit Secondary reactions. Ingenerala residence time, 
dependent, of course,upon the remaining variables,is 
about 02to about 60seconds,particularlyabout 0.5to 
about 3.0 seconds. 
The mixture of cracked products and steam removed 

from cracking chamber12ispassed to flash tower14 by 
ine ?3. Before this mixture is passed into fash tower 
?4,itis quickly cooled from cracking temperature to a 
temperature of about 600°to about 800° F.,preferably 
to atemperature ofabout 675°to about725° F.tofore 
Stal furthercracking and/or secondary reactions. This 
timeintervalisextremelyimportantand mustbe less than 
about2 to about3 seconds,preferably betweenabout0.02 
to about0.10second. The coolingisefectedbyarecycle 
stream from line ?6,the composition of which wilibe 
definedhereinafter. Thepurpose offashtower?4,which 
is operated at a pressure of about 10to about30 pounds 
Per Square inch gauge and a temperature of about 600° 
to about 700° F.,is to efect a separation of the steam 
and lighter products from the heavier liquid products 
produced in the cracking operation. Moreoversuficient 
recycle of heavier productis thus provided to cool the 
cracked product beforeits entryinto flash tower14. A 
mere Separation of steam,as condensed water,from the 
total cracked products would be exceedingly dificult be 
Cause of a tendency to form an emulsion therewith. 
Under the preSSure and temperature conditions exist 

ingin fiash tower 14,set forth above,the products re 
moved from the top of the tower through line f8 com 
prise Ci2 to Ca0 and lighter hydrocarbons,preferably 
Ci6to Cl8 and lighter hydrocarbons,andwater assteam. 
The products are then passed through cooler2@ wherein 
the Steam is condensed to water. The temperature in 
cooler2@is not criticalas long asitis suficiently1ow to 
condense the Steam therein but not so low asto efect 
precipitation or crystalization of Waxy materials which 
may be gresentin the stream dueto incomplete separa 
tion in flash tower 14. In general a temperature of 
about 75°to about 125° F.,preferablyabout100?F, 
is Satisfactory. In additionto water,some ofthe heavier 
cracked products are also condensedin cooler20,The 
cooled product is removed from cooler20 by ine22 
and passed to Separator 24whichis operated atatem 
perature ofabout100°to about125°F. andapressure 
of about 8 to about 12pounds per square inch gauge 
Thewateris removed from the base ofseparator24by 
ine 26,While C4 to Cs and lighter cracked products, 

  



3,945,076 
3 

preferably C5and lighter,are removed overhead by ine 
28. The remainder ofthe cracked products are removed 
from the side ofseparator 24 by line 36. 
?rom the base of flash tower 14,through line 32,is 

removed the remainder of the product which may not 
have been removed overhead by ine 18,thatis about 
C2 to about C20 and heavier,preferably about Ci6 to 
about Ci8 and heavier hydrocarbons,Since it is neces 
Sary to cool the cracked products entering flash tower? 
14,as previously pointed out, and since it is extremely 
desirable to efect such cooling without resorting to the 
additionto the system ofextraneous material whichWould 
subsequently have to be removed from the product,if 
not from the system,often atgreat trouble and expense, 
a portion of the product in line 32 is recycled by ine 
34,and passed through cooler 35 wherein the product 
is cooled to a temperature of about 300° to about 500° 

4 - 

preferably Cl4 to Cl6 and lighter hydrocarbons while the 
fraction removed from the base of fractionator 64 by 
line 4 comprises Ci2 to C20 and heavier hydrocarbons, 
preferably C14 to C16 and heavier hydrocarbons. The 
bottom fraction is preferably recycled and joins the fresh 
charge in line 2 as previousiy described This recycle 
comprises about 100 to about 300 percent by Weight, 
based on the fresh charge in line 2. Inthe event,how 
ever,operation is such,for example,that line i8 con 
tains al or Substantially al of the Cl8 and lighter hy 
drocarbons in the cracked product and C17 and heavier 
hydrocarbons are to be used as recycle of line 4,the 
overhead from.tar Stripper 46 need not be sent to frac 

F. The cooled product is then introduced into line 13, 
by line 16. The amount of recycle depends on many 
Variables,for example,its temperature,the temperature 
of the cracked product in line 13,the temperature de 
sired in flash tower i4,etc,fn general,at least about 
100,and preferably about 150 to about300 percent,by 
weight of recycle,based on the cracked product in line 
13,is Suficient to efect the desired cooing. 
The remainder of the heavier productis passed by line 

36 through valve 38 wherein the pressure is reduced 
to about 3 to about 8 pounds per Square inch gauge, 
preferably to about atmospheric preSSure The product 
at a reduced pressure and at a somewhat reduced tem 
perature,because ofits movement through lines 36 and 
40 andits reduction in preSSure in passing through valve 
38,is heated,if necessary,in heater 42 by any con 
Venient means,to atemperature of about the Same order 
as that existing in fiash tower i4. 
The product leaving heater 42 by way of line 44 is 

pasSed to tar Stripper 46 Wherein tar and other Similar 
Droducts present in the bottoms product are removed 
therefrom. This is efectedby passingabout40 to about 
70 pounds of steam per barrel of productin line 44,at 
a temperature of about 600° to about 800° F. into the 
base of tar Stripper 46 by line 48,A temperature of 
about 600° to about 800° F. and a pressure of about 
2 to about 6 pounds per Square inchgauge is employed 
therein,As a reSult thereof,tarand heaviercoke-form 
ing products are removed from the base of tar stripper 
46by line59. - 
Removed overhead by line5 are the remainder ofthe 
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cracked products entering tar stripper,not removed by, 
line 50,and Steam,The mixture in line 5? is then 
passed through cooler 52,which is operated at a tem 
perature Suficiently low to condense the steam and some 
of the cracked products but not so low as to efect 
precipitation or crystalization of waxy materials which 
may be preSent in the stream due to incomplete separa 
tion in tar stripper 46 or flash tower 14. Generaly a 
temperature of about 75° to about 125° F,is suficient, 
The cooled product is removed from cooler 52 byline 
54 and paSSed to separator 56 whichis operatedatatem 
perature of about 100°to about 125° F. and a pressure 
9f about 0 to about 5 pounds per square inch gauge. 
Water Which is condensed is removed from the base of 
Separator 56 by line 58 and C to about C6 hydrocar 
bons,preferablyabout C to about C5 hydrocarbons are 
removed Overhead by line 69,The remainder of the 
cracked productwhichhasbeenliquefiedisremovedfrom 
the Separator 56 by line 6 and is preferably pressured 
by pump 62to apressure ofabout15to about25pounds 
per Squareinch gauge The productin line 61isthere 
afer introduced into fractionator 64,which is main 
tained at a reboier temperature of about400°to about 
700° F and a pressure of about2-to about 5 pounds 
Per Square inch gauge,wherein the productis separated 
?to two fractions. The overhead,whichis removed by line 66,comprises Ci2 to C20 and lighter hydrocarbons, 
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tionator 64 but can be passed directly to line 4 for 
recycle. 
AS Shown in Figure 1,the olefins produced are recov 

ered and found in lines 23,60 and 66,The recovery 
of the olefins in these lines into theirindividual compo 
nents,or even combinations or fractions of olefins,can 
be efected in any desired manner. Forexample,in the 
event the olefinsin ines 28 and 63 comprise C2,C3 and 
C4olefins,they can be combined,as shown.in Figure 2, 
in line 68,compressed,dried by conventionaimeans(not 
shown) and passed to fractionator7@ which can be oper 
ated at a pressure of about250 to about400 pounds per 
square inch gauge and an overhead temperature of about 
0°to about 5°F. Methane andanyotherlighter constit 
uents which may be present,are removed overhead by 
line 72,while C2,C3 and C4 hydrocarbons are removed 
from the base of fractionator 7@ by ine 74. From line 
74,the C2,C3 and C4 fraction is passed to fractionator 
76 which isoperated at a pressure of about250 to about 
350 pounds per Square inch gauge and an overhead tem 
perature of about?10° to about ?10° F. Here the C2 
fraction is removed overhead by line 78 and the Cs and 
C4fractionis removedfrom the base by ine80. The C2 
Stream may be Split into C2H4 and C2H6 by means of a 
column operating at about 270 pounds per square inch 
and an overhead temperature of about ?20° to about 
?23° F. The Cs and C4 stream may be further sep 
arated by Similar distillation in a column(not shown) 
operating at about 250 pounds per square inch and an 
overhead temperature of about 110° to about 115° F. 

Similariy,the hydrocarbon fraction in line 66 can be 
separated into its individualcomponents by any conven 
tional means. Thus as Shown in Figure 3,assuming the 
hydrocarbon fraction in line 66 contains C15 and lighter 
hydrocarbons,it is Sent to fractionator 82 whichis op 
erated at a pressure of about 30 to about 100 pounds 
per Square inch and an overhead vapor temperature of 
about 122° to about 212° F. C5and lighter hydrocar 
bons are removed overhead by line 84.and Ce to Ci5 
hydrocarbons are removed from the base by ine 86. 
This latter fraction is passed to fractionator 88,oper 
ated at a pressure of about15 to about 30pounds per 
square inch and an overhead vaportemperature of about 
150° to about 190° F.,where C8 fraction is removed 
overhead by line 9@and a Cato Cl5fractionis removed 
from the base by ine 92. This fractionation into the 
individual components is continued by passing the hydro 
carbonsto successive fractionation columns,operated at 
appropriate pressures and temperatures,wherein the 
ightestindividual fraction is removed overhead and the 
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remainder is removed from the base and passed to the 
next succeeding column, until the fraction containing 
C15 and higher hydrocarbons is passed by ine 94 to 
fractionator 96,operated at a pressure of about 5 to 
about 50 millimeters mercury absolute and an overhead 
vapor temperature of about 240° to about 350° F., 
wherein the Cl5fractionis removed overheadin ine98 
and the Cas and heavier fraction is removed from the 
basethereofbyine ?@0toline4of Figure1. 
While it has been shown above that the hydrocarbon 

fraction can be separated into its individual components, 
this has been done merely forilustrative purposes,and 
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said cooled mixture into a fash tower,separating and 
removing C12 to C20 and lighter hydrocarbons from said 
fash tower, removing the remainder of Said cooled 
mixture from said tower,cooling a portion of Said re 
mainder to a temperature of about 300° to about 500° 
F. and recycling Said portion of said remainderto consti 
tute the Sole means whereby the cracked productS are 
cooled prior to their entry into Said flash tower,and 
thereafter separating the cracked product into selected 
olefinic fractions. -,, ·· ° ? 

3. A method forproducing normal alpha-olefins which 
comprises vaporizing a waxy charge by admixing there 
with at least about 2 percent by weight of Steam at a 
temperature of about 900° to about 1200° F.,heating 
the resulting mixture at a temperature of about 1000° 
to about 1250° F. and a pressure of about one to about 
three atmospheres for about 02 to about 6.0 Seconds, 
whereby the wax charge is cracked and a mixture pre 
dominating in normal alpha-olefins is produced,cool 
ing Said latter mixture to a temperature of about 600° 
to about 800°F in less than about 3 seconds,passing 
said cooled mixture into a fash tower separating and 

15 

removing a mixture of Ci2 to C20 and lighter hydro 
carbons and steam from said flash tower,cooling said 
latter mixture to condense said steam, removing water 
condensate from Said latter mixture,removing-the re 
mainder of Said cooled mixture from said tower,cool 
ing a portion of Said remainder to a-temperature of 
about 300°to about 500° F.,admixing with the cracked 
products Said portion of Said cooled remainder to consti 
-tute the sole means by which the cracked products are 
cooled prior to their entry into said flash tower,and 
thereafter separating the cracked product into selected 
olefinic fractions. - 

4. A method for producing normal alpha-olefins which 
comprises Vaporizinga waxy charge by admixing there 
with at least about 2 percent by weight of steam at a 
temperature of about 900° to about 1200° F.,heating 
the reSulting mixture at a temperature of about 1000° 
to about 1250° F. and a pressure of aboutone to about 
three atmospheres for about 0.2 to about 6.0 Seconds, 
whereby the wax charge is cracked and a mixture pre 
dominating in normal alpha-olefins is produced,cooling 
said latter mixture to a temperature of about600° to 
about 800° F. in less than about 3 seconds,passing said 
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8 
cooled mixture into a flash tower,Separatingand re 
movinga mixture of Cl2to C10and lighter hydrocarbons 
and steam from said flash tower,cooling Said latter mix 
ture to condense Said steam,removing water condensate 
from Said latter mixture,removing the remainder of Said 
cooled mixture from said tower,cooling a first portion 
of Said remainder to a temperature of about 300° to 
about 500° F.,admixing with the cracked products said 
first portion of Said cooled remainder to constitute the 
Sole means by which the cracked products are cooled 
prior to their entry into said fiash tower,removing tar 
from a Second portion of said remainder,and thereafter 
separating the cracked productinto selected olefinic frac 
tions. - - 

5. A method for producing normal alpha-olefins which 
comprises vaporizing a Waxy charge by admixing there 
with at least about 2 percent by weight.of steam at a 
temperature of about 900° to about 1200° F.,heating 
the reSuiting mixture at a temperature of about 1000° 
to about 1250° F. and a preSSure of about one to about 
three atmospheres for about 0.2 to about 6.0 Seconds, 
Whereby the waX charge is cracked and a mixture pre 
dominating in normal alpha-olefins is produced,cooling 
Said latter mixture to a temperature of about 600° to 
about 800° F. in less than about 3 seconds,passing said 
cooled mixtureinto a fiash tower,separating and remov 
ing a mixture of Cl2 to C20 and lighter hydrocarbons 
and Steam from Said flash tower,cooling Said latter mix 
ture to condense Said steam,removing water condensate 
from Said latter mixture,removing the remainder of said 
cooled mixture from said tower, cooling a first portion 
of Said remainder to a temperature of about300° F. to 
about 500° F.,admixing with the cracked products said 
first portion of said cooled remainder to constitute the 
Sole means by which the cracked products are cooled priortotheirentryintosaidfash tower,removingtarfrom 
a Second portion of Said remainder by admixingsteam 
therewith,and thereafter Separating the cracked product 
into Selected olefinic fractions. 
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