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Thisinvention relatesto the distillation of 
mineraloils andsimilarmaterialsin Continu 
ous process,including operations of this 
Character in which thermal decomposition 

* and recomposition of hydrocarbonsis efect 
edin thevapor phase,to produce oils and/or 
liquids containing compounds of the same or 
diferent chemical series from-those treated, 
and more especiallyto produce lower boiling 
oils and liquids such as motor fuel prod 
ucts,gasoline and the like,from higher boil 
ing oils.,A particulara?plication of thein 
vention is in the producton of motor fuels 
ormotor fuelmaterial havingexcelent anti 
knock properties. The_invention comprises 
processand apparatus for efecting such op 
erations. - - 

One ofthe objects oftheinventionisto ac 
complish the thermal conversion of hydro 
carbons such as petroleum,its residues or 
heavier distillates,insucha waythatnosolid 
9pke need befor?edin*e apparatus,and 
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that very little,if any,free carbon is pro 
duced even in the cracking_of Crude oil, 
topped Crudes,reduced crudes,residuums, 
or residual oil_such as fuel oil,al of which 
may be classed as crude or residual oils,in 
contradistinction to distillates. This avoids 
the expense and delay_occasioned by the 
usual necessity for periodic shut-downs and 
cleaning out of units,besides efecting a 
marked saving in maintenance costs. An 
other objectis to efect thermal conversion 
of the hydrocarbon mixtures in such g way 
that little or no tar need be produced as a 
product of the process. - 
Another object is to reduce the loss of 

1iquid products through production offixed 
gas to a minimum. Anotherobjectistosecuremaximumyields 
of desired products. - 
Another object is to produce,through 

thermal decomposition and recomposition of 
constituents of such hydrocarbon mixtures, 
1ow-boiling mixtures containing relatively 
large quantities ofaromatic hydrocarbons,or 
similar hydrocarbons,such as,forexample, 
naphtmenes In.this connection,an impor 
tant objectisto obtain,afterappropriatesep 
aration,ifnecessary,a motor fuel,or a prod 
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ugt.for blendingwith motor fuels having a 
high anti-knock value. 
Animportant object of theinventionisto 

secure definite control of the reaction time 
and the,reaction temperature,while obvi ating injurious local overheating of the hy 
drocarbons undergoing treatment. - 
Another objectis to vaporize the oi with 

*xtreme.rapidity,so that cracking in the 
*quid.phase or at the moment of passing 
from the liquid to_the vapor phase,such as 
Would be attended bythe production of coke 
9r Carbon,is not.permitted to occur,and íhereupon immediately to superheat the 
yapors to the desired conversion,tempera 
ture and to keep themsubstantialy at?that 
temperature for a precise,imited period of 
time,whereupon the reactions areimmedi *telyret?rdedto?negligiblylowrate,sothat thereagtionsarethereuponvirtualystopped. 
.Another object of the inventionisto pro 

Videa processwhereby a crude oilorredüced 
Crude(residuals heavyfueloilandthelike) 
Can be easilyandsuccessfullytreated forthe 
purposesindicated. As far as I am aware, 
*he Vapor phase cragking processes which 
h*Vebeen commergialy exploitedrequirean oilthateanbeeasilyvaporizedasagharging, 
stock,thatis t9 say a distillate,for ie? eConomic operation. 
Another object oftheinventionisto efect 

the desired conyersion in a relativelyinex 
pensive way,with the use of apparatusin-? 
Volving low first cost and occüpying little 
Space,A further objectisgreatlytoreduce 
maintenance charges andto avoidthe hazard 
which exists when apparatus fails. 
In the mode of executing the invention 

whichis particularly advantageous for the 
treatment of crudes and residuals,the oilto 
be crackedisintroducedin_a finely divided 
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stateinto astream_ofhotandpreferablynon 
oxidizinggas produced bythe gombustion of 
fuel and_air in a closed ehamber.adjoining 
the.cracking ehamber the oi is thereby 
suddenly vaporized and superheated to the 
desired crackingtemperature,the conditions 
being such as to secure rapid and thorough 
mixing and therefore an extremely rapid 
transfer of heat from the heating medium ?00 
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The_processin this case can 

2 

to alportions ofthematerialtobetreated, 
so_that_thermal equilibriumis at onceestabr? lishedthemixtureofhotgasandsuperheated 
Vapor is passed at predetermined speed 
through a conduit-like cracking chamber, 
referably heatinsulated and lined with re 
ractorymaterial,thelengthand diameter of 
this Conduit beinggoverned by the capacity 
desired for the unit and the intended re 
action time,and at a point spaced from the 
point ofmixingbyanexagt distange,depend 
ing upon the length of the conduit and the 
speed of travel,all portions of the mixture 
are suddenlycooledbycontactwitha quench 
ing liquid downto atemperaturewhichwill 
practically halt the reactions. 
The reaction time is determined by the 

speed of travel and the distance from the 
point where the vapors are quickly super 
heated to the predetermined cracking tem 
peratureto the point where they are quickly 
quenched,andthespeed oftraveliscontrolled 
byregulatingtheamount of heatingmedium 
supplied to or produced in the unit and/or 
the amount of material fortreatment which 
isintroduced,perunit oftime. Thereaction 
time for virtualy all portions of the vapors 
iscontrollablewith anexactitudeonthe order 
of one one-hundredth of a second. The re 
actiontemperatureisreadilyandexactlycon 
trolled by regulating the amount and tem 
perature of_the heated inert gas and/or by 
regulating the proportion and/or degree of 
preheat of hydrocarbon material fed in to 
ingmedium. - - 

Toillustrate whatis meant by controlling 
the reaction time with an accuracy on the 
order of one one-hundredth of a second,a 
desired reaction time of about 1/5 second 
and a desired reaction temperature of about 
1100° F. may betaken by way of example. 

give an actual 
cracking time of1/5second plus about1/100 
secondas measured from andtotemperature 
ranges below any cracking temperature. In 
otherwords,the stockwould beraised from, 
say,650° F. to 1100° F.,held at 1100° F. 
for 1/5 second and then cooled to about 
650° F.,allinatime of1/5secondplusabout 
1/100 of a second. 
Not only are the reaction time and the 

reaction temperature positively controlled, 
but local overheatingis eliminated or sub 
stantially eliminated. In vapor phase 
processes in which the vapors are super 
heatedin externally heated metaltubes(in 
direct heating),1ocal overheating with ex 
cessivecrackingandcorrespondinghighpro 
duction of coke,carbon andfxedgasoccürs, 
anditis not possible to control the reaction 
in the manner that is characteristic of this 
Invention,since,withindirectheating,difer 
entportionsofvaporinthesamecross-section 

pOr. 
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ofthestreamareheatedto diferenttempera 
tures. 
I am aware that it has been proposed to 

crack mineral oils in the vapor state with 
the direet heat of combustiongases.butsuch 
proposed processes,as far as I lmow,have 
not provided for the positive control of 
Optimum reactiontime andoptimum reagtion 
temperature,togetherwithavoidance oflocal 
overheating,as contemplated herein. 
Thesubstantiallyinstantaneous vaporiza 

tionoftheoil,andimmediatesuperheatingof 
the Yapors to the cracking temperature at 
which they are kept for a definitely limited 
time,is veryimportant for the treatment of 
materials which contain constituents which 
Qrdinarily crackin the liquid phase with the 
formation of coke and carbon,at tempera 
tures below the temperature at which they 
Vaporize. A time element is involved,and 
I therefore seek to vaporize the oil so Sud 
denly that cracking at this stage and of this 
nature is avoided.* In other Words,I carry 
Out the process of vaporization as rapidly as 
possible withrespect totheprocess of crack 
1ng. Notonlythisresult,butalsotheimmediate 
formation of a uniform mixture wherein the 
heavy hydrocarbons are Superheated to and 
maintainedatthe crackingtemperaturewith 
out detrimental local overheating, can best 
be obtained by introducing the oil into_the 
stream of hot gas in a finely atomized or 
fog-like delivery,projected across the on 
comingstream of heated gas or superheated 
vapor,the arrangement being such that a 
tenuous issue of the material completely in 
tersects orisintersected bythe blast. Caus 
ing the fine oil particles to change their 
course as they meet the hot gases promotes 
turbulence and aids in securing the desired 
prompt and perfect mixing,The most de 
sirable disposition.is_one in which the fog, 
orveryfinespray,is delivered,ortendsto be 
delivered,inthe form of a very thinsheet or 
curtain across the direction of flow of the 
heating medium. - - 
When distillates areemployed as the feed 

stock,or even when certain kinds of Crude 
materials are to be treated,they may be va 
porized outside the reaction apparatus and 
be mixed with the hotgasinthe form of va 

Inthat case,the vapors are introduced 
as a cross stream in the path of the hot gas 
in orderto secure rapid mixing,substantial 
1yas describedinconnection with liquid ma 
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terial,the efect being the Same as regards 
mixing and transfer of heat. 
This variation of the invention employs 

thesamefeatures ofquicklysuperheatingthe 
hydrocarbon mixture by direct heat to the 
desired cracking temperature,under condi 
tions insuring_prompt and uniform mixing 
with thesuperheating agent,so that thermal 
equilibrium is immediately obtained,allow 
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reactions by quenching_with a cold,or rela 
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ingthereactiontoproceedforastrictlylim 
ited period oftimewhichwillgiyethe maxi 
mum yields of the_desired products,al so 
conducted that local overheatingis avoided, 
and then?nstantly arresting or checkingthe 
tively cold ofvaporizáble medium. 
Where the oilto be treated is a Crude,Or 

similar.material_containing some natur?l 
low-boiling constituents,the.grgde oil is 
preferably employed as the chilling agent. 
ínthiswaytheheatabstractedfromthegase? 
ous and vaporous mixtureat the moment of 
arresting the reagtionis utilized to strip the 
crude,by vaporizing of its natural gaso 
lene or low-boiling constituents. · 

In any case,Whether the feed stogk is crude,topped,or reduged.grude.9r 9ther 
residual material.or a distillate.itis desir 
able to employ_the feed_stock for cooling 
downthefów ofgases and vapors,the mate 

·rialto be converted beingthereby preheated. 
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However,any other suitabeliquid Sugh 
as water,may be used_for chiling. in the 
case o?a liquid quenching medi?m,* por 
ion,allornone ofthe quenchingliquid may 
be vaporized. - 
Bythe terminert gasis meantone whigh 

is not oxidizing It is desirable that the 
combustion gases contain substantialy no 
uncombined Oxygen. - 
The cracking?temperatures employed in 

the processareupwards of900°F.,and the 
reaction time may range,consistently with 
othereonditions,from a fraction o?a segond 
up to a fraction of a minute but I wish.to 
emphasize that the best results are obtain 
able with conditions adjusted to a very short 
reactiontime. - - 

In order to obtain a product having any 
material content ofaromatics,itisnecessary 
to employ in the process reaction tempera 
tures upwards of about 900° F.,and to be 
efective in the sense of producing a motor 
fuel oil havingagood anti-knockrating,the 
temperatures should be upwards of 950° F. 
and preferably not above 1400° F.,though 
withextremelyshort reactiontime,tempera 
tureseven highermay be used,Forthe pro 
ductionofgasolenehavinganexcelentknock 
rating,reaction temperatures between1000° 
F. and 1100° F. have been found to be the 
most practicaland beneficial. Reactiontem 
peratures can not be more definitely limited 
because thereisa reciprocalrelation between 
the factors öf time and temperature,as I 
have demonstrated by passing a mixture of 
heating medium and hydrocarbon vapors 
from the point of commingling to the point 
of quenching so rapidlythat,notwithstand 
ingthe hydrocarbonswere exposed to atem 
perature far above the accepted cracking 
range,no alteration in the structure of the 
hydrocarbons was discoverable. 

In cracking crudes,fuel oil or the like to 
obtain materials hayinga low hydrogen-Car 
·bon ratio,the cracking temperature should 
be above about 1050° F.,to avoidthe depo 
sition of coke orthe formation of any mate 
rialamount of lamp black, 
Dependent upon the other conditions,the 

reactiontimefortheproductionofaromatics 
or other anti-knock bodies should be brief. 
Such reagtion times.are accompanied bythe 
best results. Reaction times that are most 
favorable are on the order of a fraction of 
a second to a few seconds,and better still 
Smal fractions of a second. With reaction 
times under one second the production of 
fixed.gas trom the material treated is very 
greatly reduced. 

Eaample 1 
As an illustration,a mixture of reduced 

Crudefrom Venezuela and California crudes, having a gravity of140°A. P. I.,Saybolt 
visgosity,330sec. at 122° F.,fash 305° F., 
andinitial boiling point of480° F.with6% 
of at 600° F.,has been eracked in accord 
ance with theinvention,beingfirst preheat 
eq to about 400° F. Using a reactiontime 
of approximately one-tenth of a second and 
a reagtion?temperature of 1400° F.,and 
9uenching below 700° F.,it was found that 
between 30% and 35% ofgasoline could be 
produgedfrom the reducederude onasingle 
Pas through the unit,which gasoline 6n 
anaysis was shown to eontain 70% of aro *atic?ylroca*onsand30%unsatüratedhy 
d*rbons Thisgasolinewasentirelys61 
*le?1concentratedsulfuric acid,indieating the absence of parafin hydrocarbons It? *easonablet9expegtthatitwouldbepossible 
to obtaina low-boiling productsuit?blefor 
moorfel,orforblendingwith motorfuel, orforother.prpos?s,consistingaltogether, 
9ralmost W*y ofargmatiesóreyeic hy 
drogarbons,ifthatshould be desireä, - 
Naturalyifthegasoil,orother relatively 

*igh-boing part ofthe liquid products of… 
thereaction,isregycled,theyieldofgasoline 
9r other_low-boiling liquid product will be 
increased. Whether the.gas oilis recycled 
in Whole orin partwildependoneconomie 
9nsiderations,such as the price obtaining forgas oil. 
The folowing additionalexamples ofthe 

Proces *reilustrative ofyieldson a recy Clingbasis,butitwillbeunderstoodthathigh 
anti-knockratingsareobtainedwithorwith 
Out recycling The last line of thetableis 
for Comparisonin knock-ratingwith benzol. 

Eample 8 
When,9harging Mid-Continent.gas oil 

(grav.814,I. B.P.392°F.,28% ofát600? 
*)ang Crackingat1080°F.withareaction 
time of%second,ayield of813%gasoline 
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onacompleterecyclebasisisobtained.This 
gasoline has a knock ratingequivalent to * 
6lend of6 c.c. lead tetraethyl with 1 gal… 
of Pennsylvania Navy gasoline,this being 
betterthan Ethyl Standard,whichis 5 c.g… of lead tetraethylin1 gal of Pennsylvania 
Navygasoline. 

?aample @ 
When charging West Texas crude of 80? 

A. P.I.gravitycontaining 80% of natural 
gasoline,Temoving the light prodggts from 
the crudeinthe quenchertogive a22.9graV 
ityresidue,whichiscracked at1000°F.and 
a reactiontime of %second,a yield of T5% 
gasoline is obtained,based.on,the_reduced 
stock,ona complete recycle basis. The Com 
posite gasoline from the unit has a knock 
fatingequivalent to 3c.c.of1eadtetraethy! 
in Pennsylvania gasolene,while thenatural 
gasolene from the crude has a knock rating 
equivalent to Pennsylvania gasolene. 

It ispossible with this process to produce 
gasoline havinga knock-ratingequivalent to 
pure benzol,by regulation of the reaction 
time and reacton temperature. It may be 
noted that in obtaining exceedingly high 
knock ratings the yield ofgasoline is not so 
high as when the process is conducted to 
obtain 1ower but very excellent knock rat? 
ings,The following table isillustrative of 
Yariation in knock rating with yield,the 
knock rating being expressed in c. c./gallon 
of 1ead tetraethyl in Pennsylvania Navy 
gaSoline: 
Yield ofgasoline Knockrating 

*%------------------------------- 6 
*%------------------------------- 6.5 
*9%------------------------------- 7.1 
*%------------------------------- 9.5 
*Ol------------------------------- 9.5 

Itwill be understood that by varyingthe 
precise conditions,the converted materials 
may comprise low-boiling hydrocarbons of 
the benzene.naphthene,orsimilarseries,the 
parafin series,and/orthe olefine orsimilar 
series,or_varying combinations of two or 
more of these kinds of hydrocarbons. 
As previously stated,the desired conver… 

siontemperatureiscontrolled bythe amount, 
temperature and composition oftheinertgas 
and the amount and temperature of oil or 
oil vaporintroduced to the gas. Asis well 
known,completecombustion ofordinaryfuel 
gases produces fame temperaturesinexCess 
of 2500° F. or even 3000° F.(see Hand 
book of Chemistry and Physics,16th edi 
tion,page 682?*Heats of combustion and 
compostion of manufactured and *ral gases,theoretical flame temps."?published 
by Chemical Rubber Publishing Company, 
Cleveland,Ohio). Because of the extreme 
rapidity and uniformity of the mixing of, 
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the heatingagent and the hydrocarbons,the 
non-oxidizing combustiongases,which are 
obtained at a hightemperature,can be,and 
are,used at Such temperature,and in_any 
event attemperatures over2500° F.,without 
danger ofinjurious overheating of the hy 
drocarbonsin the mixingstep,so quicklyis 
thermal equilibrium attained. In practice, 
the products of substantialy complete com 
bustion of hydrocarbonfuelandair,thetem 
perature of which is much above 2500° F., 
aremixed directlywith thefinely divided oil 
or the oil vapor to be Cracked,without any 
preliminary tempering of the gases by the 
introduction ofrelativelycoolfluid,orother 
wise The fact that very hot gases are suc 
cessfully mixed with the materialto be con 
verted is an important practical advantage 
of the process,not only because,for a given 
capacity,the reactiontinit,fractionatingcol 
umn,ete. Can be of minimum size and there 
fore relativelyinexpensive,but also because 
the relative Smallness of the volume of hot 
gas that is required favors the rapidity of 
the mixing and the superheating of the hy 
drocarbons to the maximum reaction tem 
Derature,facitates the qüenching down of 
the mixture from this maintained tempera 
ture,and materially simplifies the ensuing 
reflux fractionation and separation opera 
tionswhich haveto beperformedinthe pres 
ence of the combustion gases. The less of 
these gases to be handled,the better,and 
itis one ofthe features oftheinventionthat 
their volume is strictly limited. Naturally, 
there may be Some dilution of the combus tiongaseswithout departingfromthisaspect 
of the invention. - - 

In gonyerting certain oils,it may1ikewise 
be desirabletointroducesteam orsome other 
inert gas or vapor along with the oilso as 
to form a protective film around the liquid 
particlestoguardthem furtheragainstlocal 
overheating during vaporization. Steam 
may be employed to atomize the oil to be 
craeked,but a fog or extremely_finespray 
Can besecured without steam,by forcingthe 
oil under pressure_through a nozzle of ap 
propriate and available design. 
The cracking operation may be carried out 

below at or above atmospheric pressure,and 
up to 1000 lbs,per Square inch,The use of 
pressuresabove atmospheric mayincreasethe 
yields and decrease the size ofequipment re 
quired for a given throughput. Operating 
pressures onthe order of about 5-50 lbs.per 
square inch are economic in this process. 
Pressures ofthisorderhavelittle,ifany,real 
influence on conversion,The processis not 
dependent on the pressure factor,since any 
convenientoperatingpressuremaybeused: 

In the accompanying drawings forming 
part hereof: - 
Fig.1 is a longitudinal section through a 
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preferredform ofunit constitutinga part of 
the apparatus; 
Fig.2isaschematieviewilustratingasys 

tem of equipment and operationsemploying 
theunitillustratedin Fig.1;and 
Fig,8is a schematic view illustrating an 

other mode of applying and carrying out the 
invention. 
Referring to Figs.1 and 2,the apparatus 

shownin these views comprises a cylindrical 
reaction chamber 2 built of refractory and 
insulating material surrounded by a tight 
steel shel 3 capable of holding the pressure, 
ifany,desired and ofretainingthegases and 
vaporsbywhichtherefractoryandinsuiating 
lining would naturaly be penetrable The 
lining may consist of a cylindrical wall4 of ordinarybricknexttotheshell,aninnerwal 
5offire-brick,withanintermediatelayer6of 
insülatingmaterial. Therefractoryconduitä 
is capable of withstanding the action of the 
hot vapors andgases,andtheinsulatinglayer 
6reduces heat lossesso asto insure practical 
maintenance ofthe desiredreactiontempera 
ture. - - 

Whilethereactionchambermaybemade of 
othermaterials,for example,suchas heat_re 
sisting aloys,the construction illustrated is 
especially advantageous because of its low ? costandlowmaintenanceexpenseandits 
Safety, - 

?e end ofthereaction chamberthereis 
a combustion and mixing chamber 7,which 
may be enclosed in an extension ofthe same 
shel3. Thischambermaybelargerin diam eterthanthereactionchamber,andislinedby 
the refractory andinsulatingwals or layers 
5and6. 
Through the outer end of the combustion 

chamberthere project one or more burners8. 
These burners may be of any suitable char 
acter adapted to burnfuel andairin proper 
proportions so as to produce a blast of hot combustiongasesofneutral,thatistosaynon 
oxidizing character. The fuei might be oil, 

·butis preferablyagascontaininglittle orno 
non-combustibleconstituentsotherthanair. 

At_the opposite end of the combustion 
chamber,or within the end of the reaction 
ghamberwhereitjoinsthe combustion cham 

- ber,thereisaspraynozzle9,the pipe101ead 

63 

ing to this nozzle passing through the shel 
and lining at right angles to the axis of the 
reactionchamber, - 
The material to be crackedis delivered to 

this nozzle under pressure,with or without 
steam orothergasorvaporwhichmaybeem 
ployedforthepurposes heretoforeindicated. 
Suchadditionalfuid may be supplied to the pipe10throughavalvedpipe111eadingfrom 
a suitable source of supply. 
The nozzle is preferably so designed and placedastodeliveraveryfine sprayobliquely 

toYard and across the oncoming stream of combustiongases proceedingfromthe burn 

ers,It preferablyemits a curtain-like spray 
of hollow conicalform which hasits apexor 
origin at the center of the throat of the re 
action chamber and which diverges into the 
combustion chamber across the blast of heat 
ingfuid,Theform ofthe sprayis naturally 
modified by the gas stream,which turns the 
exceedingly fine partieles of oil and carries 
them toward the reaction zone,so that very 
thoroughmixingwiththehotgasis obtained. 
Vaporization and mixing can be regarded as 
being complete a very short distance behind 
the spray nozzle 9,bywhich time the vapors 
have been superheated to the predetermined 
reactiontemperature. - - 

The extremely rapid vaporization of the 
oil,the intimate and uniform mixing of the 
hydrocarbons to be converted with the hot 
gases,the promptness with which the mix 
ingis efected,and the rapidity with which 
the vapors are superheated to the cracking 
temperature areimportant factors ofthe op 
eration. - 

?n regard to the dimensions of the cham 
ber 2,it has been proven desirable to main 
tain a_velocity of 50-200 feet per segond 
through the conduit,which is ample to keep 
the streamin a turbulent motion,and there 
fore ofuniform temperature. The length of 
the conduit is chosen consistent with the 
throughput and reaction time necessary to 
produce the desired yield and quality of 
product. In the case of a unit designed to 
erack 250 barrels of fuel oil per day in the 
vapor phase,a reaction conduit one foot in 
diameter and ten feet long has been found 
to be satisfactory,but it wil be understood 
that thisisgiven by way of one concrete ex 
ample and that the width_andlength ofthe 
chamber can be varied and areto beselected 
to allow the desired reaction time for any 
desired throughput. 
The flow through the reaction chamber 

should be suchasto avoid delaying portions 
of the stream morethan other portions with 
the result of causing portions thus delayed 
to become over-cracked. ° · 

It may be understood that complete va 
porization of all the oil delivered into the 
hot gases at the point 9 iscontemplated. 
The superheated vapors are mixed with 

thehot gases and conducted through the re 
action chamber2,the length and width of 
whigh are proportioned accordingtothe ga 
paeity9ftheünit and theseproportions be 
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ing such as to accord with a reaction time 
to give the maximum conversion to desired 
products,Owing to the thoroughness with 
which the material is vaporized and mixed 
with the hotgases at the entrance to the re 
action conduit and thevelocity at which the 
mixture is passed.and also to some extent 
to the heat.insulation,the cracking tempera 
ture is uniform, or substantialy uniform, 
throughout thischamber. 
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6 
,A pyrometer12 registers thetemperature 
in the reaction zone,and another pyrometer 
12°registersthetemperatureata region close 
behind the point where the hot mixture of 
gases and vapors is suddenly cooled to ar 
rest the reactions. 
At the outletend of the conduit-like reac 

tion chamber there is a second spray nozzle 
13 which faces in the same direction as the 
nozzle9 and which deliversa conicalcurtain 
like spray across the path of the mixture of 
gases and vaporsissuing from the reaction 
zone.This nozzle is preferably located in 
a settling chamber14,which may be formed 
by an extension of the same tight shell 3, 
thischambercontaininga bafe15toprevent 
liquid_from the.spray being carried onward 
to a fractionating column 16. The spray 
produced by the nozzle 13 is finely divided 
so as to provide @ large surface of contact. 
However,the liquid particles should not be 
so exceedingly fine asto be carried overinto 
the fractionating column. 
The function of thissprayis to lower the 

temperature of the stream of vapor and hot 
gas quickly to a temperature below that at 
which cracking occursto any appreciable or 
undesired extent,and the quantity of the 
quenching liquidis adiusted to that end. 
The mixture iscooled to such point below 

about 750° F. asto bring the mixture prac 
ticallyto the dew point. * 
The precisetemperatureto whichthe mix 

tureis cooled bythis sprayvill depend upon 
the other operating conditions,the material 
treated,and the products which are Sought. 
The object being to cool the mixture sufi 
ciently to arrest the reactions definitely for 
each successive portion of the flow at the 
conclusion of the predetermined reaction 
time,the cooling need not,and preferably is 
not,carried below the temperature which 
will bring about this result and will cause 
the mixtüre ofgases and vapors whigh pro 
ceed to the fractionating column to be.sat 
urated. For eficient operation_of the frac 
tionating equipment,itis desirableto throw 
as much heat into the base of the tower as 
is consistent with the attainment of these 
objects. Condensation of any part ofthe va 
porscarried by the gas,though not necessa 
rily excluded,is not an object. 
The quenching medium may be cold,or 

relatively cold,oil,water or other liquid. 
It is supplied to the spray nozzle 13 by a 
pump 17through a pipe18 provided with a 
meter 19 and a control valve 180. 
The purpose of the.settlingghamber isto 

trap unvaporized liquid from the spray noz 
zle?13. This liquid settles out into a sump 
tank 20 located below the settling chamber 
and connected with it by a pipe 21. The 
gases and vapors pass out from the upper 
part ofthe settlingchamber,beyondthe baf 
fle15,through a pipe 22to the fractionating 
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column16,whichis provided with suitable 
condensers and coolers. - 
Pipes23 and24areindicated forsupply-, 

ing the burner 8 with air and gas,respec 
tively,these pipes containing blowers 25and 
26,meters 27 and 28 and control valves 29 
and 30. 
In actual operation,the burneris lighted 

and the ratio of fuel to airis so adjusted as 
togive a fluegas containingsubstantially no 
uncombined oxygen,Assoon asthe temper 
ature directly behind the.first spray nozzle 
9reachesthatwhichisdesiredfornormalop 
eration,wateris_started through this spray 
nozzle injustsuficient quantity to maintain 
this desired temperature,and firing is con 
tinued untilthe temperature behind the see 
ond Spray nozzle 13 indicates that which it 
is desired to maintain at that point,water 
being also delivered through this nozzle at 
thistime. Forthesupply ofwater tothetwo 
nozzles,valved pipes 31 and 32 connecting 
with the pipes10 and18are indicated. 
Then,if the crude oil or any otherstock 

which it is desired to treat isto be used as 
the quenching medium,water is turned of 
from the second Spray and the feed stock is 
started throughthesecond sprayinsuficient 
quantityto maintainthedesired temperature 
at that region. If crude is charged, a por 
tion will be vaporized and will pass on to 
the fractionating and Condensingequipment, 
while the remainder will falinto the sump. 
Assoon as suficient stock,preheated by its 
contact with the hot gases,is accumulatedin 
the sump,wateris cut out of the front spray 
and the residualisstartedthroughthis spray 
in such quantity as to maintain the opti 
mum cracking temperature. Thereafter the 
normal operation of the unit proceeds Con 
tinuously without necessity of shut-down 
since cokeisnot formed andlittleifany car 
bonin the form of lamp black. 
The apparatus shownin Fig.2is especial 

1y adapted for the_processing of 1ow-grade 
crudes and reduced crudes,fuel oil and the 
like,orgas oil. - 
Assuming that the feed stockis a crude, 

this materialis forced through the pipe18 
bythepump17to thespraynozzle13. Where 
it serves as the quenching medium. The 
crudeis there topped or deprived ofits nat 
ural gasoline content,and the residual 
which collects in the sump tank 20is con 
tinuously withdrawn by a hot pump 33 and 
forced through piping 34,provided with a 
meter 35 and a control valve 36,to the pipe 
10 of the spray nozzle 9,from which it is 
projectedin a state offine division into the 
stream of hotfuegasesfrom the burner. 
The vapors andgases which leavethe top 

offhe fractionating column16 pass through 
n pipe 37to acondenser 88,from which the 
light condensatepassesto aseparator 39,the 
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light_condensate being collected in a tank 
40. From thistank a portion of the liquid 
maybesupplied byapump4lthrough apipe 
42 to the top of the fractionating colümn, 
where it fows downward over the plates in 
Contact with the ascendinggases and vapors, 
to Serve as a fractional condensing medium. 
The tank40is marked"Product I°on the 

drawings,this product being,for example, 
gasoline or gasoline material. The fixed 
gases are conducted through a pipe48 to the 
gasolene recovery plant. 

Assuming_the particular case in which a 
reduced Crüde has been cracked to gasoline 
and gas oil,the gas oilis withdrawn from 
the bottom of the fractionating column 
through a pipe44to a cooler45,from which 
it may be delivered through a pipe46 to a 

20 

25 

30 

suitable point Qf collection. This pipe is 
marked.Product II in the drawings. 
The fractionating and condensing equip 

ment whigh have been illustrated.are con 
sistent With approved practice,and are sus 
ceptible of variation. - - 
The operation preferably consists of a 

single pass. ?n sqmecasesecon9micadvan 
tages may berealized by recycling al or a 
portion of the gas oil,or other relatively 
heavy condensate, through the cracking 
Chamber. For that purpose the pipe 44 is 
shown provided with a valve 47,while be 
tween this valve and the bottom of the frac-, 
tionating column a ppe48 provided with a 

40 

50 

66 

Valve 491eadsto the sümp tank20. The ar 
rangement shown permitseither liquid from 
the spray 18 or a mixture of this liq 
*id and heavy distilate from the frac 
tonatingequipmentto beintroducedinto the 
reaction ghamber._Or,the distillate desig 
nated as Product TT may be charged,with 
or with9ut cooling to a second similar unit 
Operated under proper conditions for the 
tretment ofgasoilorthelike. 
.Provison is made_for withdrawing fuel 9ilfromthesystem.Inthatconnectionthere 

isshown a valve 50in the line 34 and a pipe 51leadingoffromthislinebehindsaidválve, 
the ?pe 51 haying a valve 52 and a cooler 
53 cdnnected therein. By closing the valve 
?0.and opening the valve 52,a portion of 
this material gan be removed from the sys 
tem,this 
uct T?. - 

Instead_ofthe single sprays 9and13indi gatedin the drawings,multiple sprays may 
be used at oneor both of these points, 
Ayalved line150 containing a blower151 

is indicated. Through such a ime any suit 
able inert gas may beintroducedin proper 
proportion through the burner orinto the mixngchamberto moderatethetemperature 
slightly,though that is neither necessary 
nor desirable. - 
A modificatign of the invention employs 

an external,indirect heating means for va 

product being designated Prod 

7 

porizing al or a part of_the feed to the - 
vapor phase reaction chamber This vapor 
.or?mixture of vapor and liquid is then 
passedinthroughthe spraynozzle9into the 
blast of hotgas from the burner 8,in such 
proportions as to give a resulting.tempera 
ture equal to that required for a maximum 
conversion to the desired products. In a 
plan of this kind,water,the feed,any stock 
to be topped,or in fact any suitable rela 
tively cold liquid can be used asthe quench ing_medium. 
Fig 3 represents a system ilustrating 

these matters. · … 
The feed,or apart of the feed.is Supplied 

pump 60through a pipe 61 to and through 
the coi162ofa pipestill68. Thisliquid may 
be understood fo be a distillate. Thecoil62 
is connected by a valved pipe 64 with a Ya 
porizer chamber 65. From the top of this 
éhamber the vapors are conducted through 
a pipe 66to the nozzle 9. By this nozzle the 
vapors are delivered,preferably in a form 
whichtendsto bethatóf8 egnicalcurtain or 
sheet orfinejets correspondingto such gen 
eral description,into thecombustion and/or 
tered andturned towardthe throat of the re 
action chamber 2 bythe stream of hot gases 
proceedingfrom the burner8. IneitheeCase, 
an intimate and uniform mixture of the 
vapors to be treated and of the hot gas is 
formed,and the hydrocarbon vapors,are 
superheated to the predetermined cracking 
temperaturein the briefest possible time 
The quenching spray13 may be supplied 

with water or other liquid through a valved 
pipe82, ? 
Onthe other handthe feedor a part ofthe 

feed to the system may be introduced 

7 5 

80, 

through a valved pipe 59 and forced by 8 

90 

mixing chamber7,where they are enCOun-, 

100 

105 

throughthe spray13,to serve asthequench?, 
ingmedium andto be preheated. Thisfeed 
mäterial may bea distillate.9r.it may.be ? 
crude to be topped,orit could be a reduced 
crude or residüal. 67is a valyed pipe con 
nected with the quenching Spray,through 
whichthisstockcan besupplied from a suit 
able source by a pump 68, Theliquidsettlinggutinthe settingcham 
ber14isdrawn ofthrough a pipe69anda 
cooler 71. * - - 

The reflux from the fractionating column 
16 may be drawn ofthrough a valved pipe 
44 anda cooler45,or this reflux may be con 
ducted through a valved pipe 70to the_inlet 
side of the feed pump 60connected with the 
coilofthe pipestill63. - 
The feed to the system may be taken en 

tirely through the feed line 59 or it may 
be täken entirely through the feed line.67 
and be_delivered through the quenching 
spray. Inthe lattercase,the refuxfrom the fractionating columnsupplies the pump-60 
and the coil of the pipe still63,Again,a 130 
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part ofthefeedmaybetakenfrom onesource 
through the line 59,and another part of the 
feed may betaken,from thesame or a dif 
ferent source,through the line 67 Again, 
the liquid supplied to the quenching Spray 
may be a crudeto betopped. Inthese Cases, 
als6,part or all of therefux from the frac 
tionating and condensingequipment may be 
recycled through the pipe still,the vapor 
izer,the nozzle13,and the mixing and reac 
tion chambers. 

I appreciatethatthereare numerous other 
possible modifications of the invention and 
numerous other possible combinations and arrangements of apparatus and operations 
for carrying out the_invention,and conse 
quently I do not wish to be limited to the 
particular forms and modes of executio 
chosen forpurpose ofillustration. - The gas6line,motor-fuel or other liquid 
1ow-boilingend product will consistentirely 
or mainly of saturated and/or unsaturated 

,hydrocarbons ofthe chain type,if8 proper 
25 

30 

35 

40 

riods. 

reciprocal relation of reaction time and 
reaction temperature are observed. Aro 
matic.gompounds are_not produced in ap 
preciable quantities below a certaintempera 
ture even over relatively long reaction pe 

If the reaction temperature is above 
850° F-900° F. and if the reaction time, 
though brief,is suficient,aromatic or ring 
type hydrocarbons are formed,while be 
tweenabout950°F-1200° F.,or higherwith 
the proper?Corresponding reaction time, 
motorfuels havingexcellent antiknockprop 
erties owing to the presence of such com 
? ·in significant quantity,are obtain 
8016? - 

Bycarryingtheprocess furtheralow-boil 
ingproduct Consistingalm9st wholy ofaro 
matic and unsaturated hydrocarbons can be 
Separated. 

45 

?*m?ot preparedtostate thatthe bodies 
whichgive valüable anti-knock propertiesto 
motor fuel obtainable with the process and 
apparatus above described need be entirely 
or predominantly aromatic and unsaturated 
hydrocarbons,since itis believed that other 

50 
bodies are produced which have a like efect. 
It.wil be apparent that the inventionis 

applicable to various hydrocarbon materials 
to be?treated for the obtaining of various 
specific products. - 
Theprocessandapparatushereindisclosed 

may be operated with or without the use of 
9at?ysts.Forexample,the apparatus lends 
itselfreadily to the placing ofeatalytic ma 

60 

65 

terial in the reaction chamber or to the use 
of a wall for the chamber which willitself 
exert a catalytic influence forthe promotion 
of the reactions. - 
What I claim as newis: ," 
1 A continuous process forefectingther 

mal conversion of_hydrocarbon oils and 
similar materials,which comprises continu 
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ousy producipg hot and substantialy non 
oxidizing combustiongases at a temperature 
above2500°F.and,without previously alter 
ing the temperature of thesegases,continu 
ouslyintroducinginfinedivision the hydro 
carbons to be converted and mixing them 
with the hotgasessointimatelythatthermal 
equilibrium at a temperature above950° F. 
is attained in all portions of the mixture 
practicallyinstantaneously,passingthe mix 
ture at.this temperature through an elon 
gated reaction zone,and then instantly re 
ducing the tenperature to oneat which the 
reactions are definitely arrested,by bringing 
the mixture into direct contact with finely 
Gividedcoolingliquid,theentiretime ofmix 
ing,attainment of thermal equilibrium,con 
version and cooling being not in excess of 
oneto afew seconds. 

2. A continuous process for efecting 
thermal conversion of hydrocarbon oils and 
similar materials,which comprises continu 
ously producing hot and substantially non 
oxidizing combustiongases at a temperature 
above2500°F.and,withoutpreviouslyalter 
ing the temperature of thesegases,continu 
ouslyintroducinginfinedivision the hydro 
Carbons to be converted and mixing them 
with the hotgasessointimatelythatthermal 
equilibrium at a temperature above 950° F. 
isattainedinallportionsofthemixtureprac 
ticaly instantaneously,passing the mixture 
at thistemperature through anelongated re 
action Zone,and then instantly reducing the 
temperatureto oneat whichthereactions are 
Gefinitely arrested,by bringing the mixture 
into direct contact with the finely divided 
coolingliquid,the entire time of mixing,at 
tainment of thermal equilibrium,eonversion 
?nd cooling being notin excess of Qne to a 
few seconds, of which total time the_time 
in attaining thermal equilibrium and the 
time of cooling are together less than one 
fifth of the total time. 

3. A process as definedin Claim 1,further 
characterized in that the hydrocarbons are 
introducedinthestate ofvapor. 
4,A processas definedin claim 1,further characterizedinthatthehydrocarbonsarein 

troducedin the liquid phase. 
5. A continuous process forefecting ther 

mal conversion of hydrocarbon oilsandsimi 
lar materials,which comprises continuously 
producing hot and substantially non-oxidiz 
ing combüstiongases at a temperature above 
2500° F. and,without previously altering 
thetemperature of these gases.continuQusly 
introducinginfinedivisionthe hydrocarbons 
tobeconvertedand mixingthem with the hot gasesso intimatelythat thermalequilibrium 
at a temperature above 1000° F.is.attained 
stantaneously.passing the mixture at this 
temperature through an elongated reaction 
zone,andtheninstantlyreducingthetemper 
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in all portions ofthe mixture practicallyin 
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. ature to one at which the reactions are defi 
nitelyarrested,ybringingthe?nixtreinto 
direct contact withfinelydivided coolingliq? 
uid,the entiretime ofmixing,attainment of 

5 thermal equilibrium,conversion and cooling 
beinglessihan approximately onesecond? 
6.?A continuonsprocess forefectingther 

malconversion ofheavy oilssuch as reduced 
crude,which comprises bringing a continu 

10 ous stream offinely divided liqid particles, 
ofthis oilintosuchintimate eontact with al 
portionsofaflow ofhotgasatatemperature 
above2500°F.,thisflow beingindependently 
controled,that the oil particles areimmedi 

15 ately and completely vaporized and the 
vapors areuniformlysuperheated to a tem 
perature above 900° F.,maintainingall por 
tions of.the_flowing vaporous and gaseous 
mixture at this eracking temperature for 8 

20 reaction time on the order of a smal frac 
tion ofa Second to a few seconds and notin 
excess ofafew seconds,andthen before any polymerizationtotarsgondensableinthere actionchambertakesplace,instantlyquench 

25 ingallportionsofthe mixture by direet con 
tact withfinely divided cooling liquid. 
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