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4Claims? 

Thisinventionrelatestothe converslon of hy 
drocarbon ols,andrefers more particulary to 
Hydrogenation of hydrocarbon oils,particulary 
thosewhichareformedduringthecrackingproc 

$ eSSand which are deficientin hydrogenwithre 
Spect toSaturation? 
Inthe conversion of higher boing hydrocar 

bonsint01ower boiling hydrocarbonsatelevated 
temperatures,andusualyunderpressure,pitchy 

10 materialorheavyasphalticresiduemaybeformed 
Under Certain Conditions of operationinaddition 
toacarbonaceousproductandagaseousproduct. 
Analysis of thegaseous product showsittocon 
tain considerableelementaryhydrogen,aswel1as 

15 Combined hydrogen?Whenthe processis oper? 
8ted t0 produce a heavy fuel oil,this product 
Contains a much higher ratio of carbonand hy 
drogen than the motor fuel product,andit is 
poSSible bytheadditionofhydrogentotheheavier 

20 hydrocarbon to supply this hydrogen deficiency 
and Convert the Sameintoa1owerboilingproduct 
Suitableformotorfuel;otherwisethechief prod 
uct offurther reaction or cracking of the heavy 
residue is coke andgas? 

25 Ttisnotthe object ofthisinventionnecessarily 
to Completely Saturate the motor fuel product 
withreSpect to hydrogen,thatis,to haveal1the 
Carbon atoms of the molecules of the gasojine 
hydrocarbons contain all of the hydrogen which 

30 the quadrivalent character of the carbon atom 
demands,Sofar8sthemotorfuelproductiscon 
cerned,itisquite desirablethatsome ofthecom 
ponents be unsaturated,and particuiary belong 
to that group of unSaturated carbons known as 

35 themono-olefins. However,itisdesirablethatthe 
reaction be Carriedoutin Suchmannerastocon 
vertan otherwise heavyasphaltic product def 
cientin hydrogenintolower boilinghydrocarbons 
8ndt0prevent theformation of Carbon bycausing 

40 thesametoenterintocombinationwithhydrogen 
~ before Separatingout assuch? 

Tn Carrying oUt myinVention Taim to efecta 
balancesothatthehydrogenwhichseparatesout 
in the gas,either as Such or in combinedform, 

45 willenterintocombinationwith components of a, 
pitchy or asphaltic nature,or will prevent their, 
formation,With the object of producing8greater 
yieldofliquid products,particularlygasoline?Tn 
carrying out the operation of the process of my 

50 invention,thegaseousproduct ofthe processis 
returned efther directly orafter heat treatment 
to convertit further into elementaryhydrogen 
andis Contacted with the oil undergoing treat? 
ment,preferablyinthepresence of a hydrogenat? 

°ingcatayst?Thiscataystmaybeameta,ex 

(Cl.196?53) 
8mpleSOf whichare potaSSium,S0dium,calcium, 
barium,Strontium,magnesium,aluminum,zinc, 
tin,iron, chromium,nickel,manganese,copper, 
Silver,platinum,palladiumandoSmium?Oxides 
of the metals mayalso be used,as welas other 5 
Compounds of the Saidmetals? 
Referring to the accompanying drawing dia 

grammatically iustrating the proceSS,the r8W 
oilischarged through line 1,controlled by Valve 
2,andisforced bymeans of pump3intoline 4,10 
controledbyvalve5,andthenceinto heatingcoil 
61ocated in furnace setting T?The heated ofl 
leavesthe heatingcoil6 throughtransfer line 8, 
controledbyvalve 9,andisdschargedintoreac 
tionchamber10maintainedunderconversionand15 
hydrogenation conditions of temperature and 
pressure?Thenon-vaporizediquidresiduefrom 
reactionchamber10iswithdrawnthroughline11 
and may be removed from the system through 
1ine 52 and valve 53. Preferably,however,the 20 
1iquid residueispassedthrough Valve 12 to fur? 
thertreatmentin a manner which wilherein? 
after bedescribed? 
The vaporsseparatedin reaction chamber 10 

passthrough vaporline 13,controlledby Valve 14, 25 
andenter dephlegmator orfractionating Column 
15?Aportionoralloftherawoilcanbepumped 
through1ine 16,controlled by valve 1Tinto de? 
phlegmator 15whereit undergoes heatexchange 
with the ascending vapors,condensingaportion30 
thereof and becoming heated,The refux COn 
densatefrom dephlegmator 15together With un? 
vaporizedraw oi1is returnedtothe heating coil 
6forreconversion through ine 18,controlled by 
valve 19,andthrough hotoilpump20andline2f,35 
controled by valve 54?The sufcienty con 
verted vapors leaving dephlegmator 5 paSS 
throughline22,controledbyvalve23,intoc00ler 
and condenser24,the condenSate being Colected 
inreceiver25?Valve55assistsin controlingthe 40 
flow of the fluidsinto the receiver,as wellasto 
controlthe pressureuponthecondenser, 
The distilate Colectedin receiVer 25 is paSSed 

throughline26,Controled by Valve2T,tostorage, 
A portion of this distillate,however,is preferably 45 
withdrawn through line 56 and Valve 57 andby 
means of pump 58 may be returnedthrough line 
59 and Valve 60tothe dephlegmator 15to assist 
in the cooling of the vaporsthereinandto assis? 
in Controllingthecharacter of the distillatepass- 50 
ing into receiver 25,The uncondensed gas is 
removed through line 28,controlled by valve 29, 
Which vaive mayalS0 be uSed to Controlpressure 
upontheentiresystem?Aportion ofthegasmay 
then be passed to storage or diverted for other 55 
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2 
Uses andthis portion may bescrubbed or other 
WiSetreated toremove the condensable material 
therefrom?Any desiredamount of gasis recir 
culatedtothe proceSSthrough line31,controled 
by Valve 32,andis b00Stedto any desirable pres 
Sure by pump OrcompreSSor33,Thegas maybe 
returneddirectlytotheheatingelement6through 
line31,Valve 32,pump33,line34and Valves35 
and36,orit may be passed,all,orin part,bythe 
manipulation of valves30 and35,priortoinjec? 
tion to heating coi16,into the heatingelement 
3T locatedin furnace Setting38 to be heated to 
atemperaturewhich willcause both crackingand 
polymerization,increasingthe hydrogen content 
of thegaSeous product entering heating coi16, 
8S Wel as inCreaSing the total liquid pr0duct 
formedfrom the processbythe polymerization of 
8 p0rtion of Said gases?The temperature to 
WhichthegaSes maybeheatedin heatingelement 
3T may vary between 800and1500°F.,more or 
1eSS?Thegases leaving heatingelement37 pass 
through Valves39and36and1ine34into heating 
Coi16? 
The Catalyst,preferably in suspension in the 

charging oil,isintroducedinto heating coil6 by 
ImeanS of pump 40 through line ?,Valve 42,and 
line 4and valve5? 

Theliquidresiduum,includinganyvapors1eav? 
ingreaction chamber 10throughline 11,control 
led by Valve 12,may be passedinto heatingele? 
ment4610catedinfurnacesetting41forseparate 
treatment with thegas which mayenter ine 11 
directlyfromline34through1ine43,controlledby 
Valve 44,andthroughline 49,orfromthe heating 
element 37 through ValVes39 and48and line 49? 
The catalyst for assisting in the hydrogenation 
Oftheresiduumisintroducedintoline 4 through 
Dump40,line50 andValve5f?Theresidualma 
terialtreated together with gas and catalyst in 
heatingelement46ispreferablypassedtoavapor?? 
1zing vesSel and associated dephlegmating and 
COndenSing equipment(not shown)throughline 
45andValve 61forrecovery ofthevaporsevolved 
andthe fina11iquidresidue mayberemovedto 
Storage?Aportionoraloftheresiduum maybe 
withdrawnthroughline52,controlledbyvalve53, 
and may be paSSedto storage orinto achamber 
(not Shown)underreduced pressurewhereitmay 
Undergo fashing or vaporization,The dstillate 
reSultingfrom the vaporization oftheresidueso 
treated may be returned for further conversion 
intothe heatingelement 6,andtheresidue from 
this fashing Zone may be returned to heating 
element46fortreatmentinthemannerdescribed forthenon-vaporizediquidresidueleavingreac 
tion chamber 10.’ - 
AS examples of operating conditions,the pres? 

Sure upon heating element 6 and on reaction 
chamber f0mayvaryfrom100poundspersquare 
inch,more or leSS,to Several thousand pounds, 
Diferential preSSures may be maintained upon 
these elements whichin the case of heatingele? 
ment 6andreactionchamber 10 wilbecontroled 
byValve9. Likewise,the presSure onheatingele 
mentS3T and 46 may be controlled over 8,wide 
range varyingfrom 100 pounds per Squareinch, 
more or leSS,to Several thousand pounds?The 
presSure upon any of these heatingelementsmay 
be independently controlled by means of pumps 
(not shown)?The temperaturesin heatingele? 
ments 6,37 and 46may Vary from 800°F.,more 
or1ess,to1400°F,more or1ess? · 
As examples of theyields of products obtained” 

by my process:Mid-Continent topped crude was 
treated,Which WOuld nOrmally prodUCe,bynOn 

2,010,982 
residuum operation,60%gasoline;50 pounds of 
coke perbarrel;650cubic feet ofgasperbarrel, 
andthe remainder 8,gaS oil known aS preSSUre? 
distillate bottoms;whereas,bymy pr0ceSSI may 
beableto obtain 70%gasoline,30pounds of COke 
per barreland300Cubic feet ofgasper barrel,in 
addition to the pressure-distilate bottomS,the 

,most desirable product,gasoline,beingincreaSed, 
while the least desirable products,namely,gaS 
and coke,are decreased,The reSults wil Vary 
depending upon the manner of treatment;for 
example,preheating the gas wil increaSe the 
yield of1iquid productsas willalsothe heattreat? 
ment of the residuum oils While paSSing thegaS 
therethroughorvaryingthecondtions o?treat 
ment on the refux condensate paSSing through 
heatingelement 6,e,g,increasingthe tempera? 
ture will increase the anti-knock Value of the 
gasoline produced?Tt is obvious that incre8Sed 
temperatureand pressure on heatingelement 46 
Wilincrease the conVersion of the reSidual Oil 
passing therethrough and increase the overal 
yieldof1ow boilingproducts? 

It Willbe understoodthatthe above exampleS 
are purely illustrative,and that the reSultS Ob? 
tained Will vary accordingto the conditions Of 
treatmentandkindsof chargingstockused,and 
that myinvention is not limited in any manner 
bythe examples cited? 
What Tclaimas my invention is: - 
1.Aprocesswhichcomprisessubjectinghydro 

Carb0n Oilin·8,CraCking ZOne t0 Cracking COndi 
tions of temperature and suffcient pressure to 
naintain a,Substantial portion thereof in liquid 
phaSe and Separatingthe Same into Vapors and 
unvaporized oil,paSSing Said unvaporized oil, 
without substantial coolingthereof,to a hydro 
genating20ne,dephlegmatingSaidVaporstocon 
denseinsuficienty crackedfractionsthereofand 
retUrning resultant refux CondenSate to the 
Cracking 20ne,finally condensing the dephleg? 
nated vapors and Separating the distiIIate thus 
formedfromtheincondensiblegasesproducedin 
the proceSS,introducingat leasta portion of said 
gases to Said hydrogenating Zone,introducing 
another portion of said gases to Said cracking 
ZOne t0 Saturate UnSaturated Constituents of the 
light Cracked product,Subjecting the unvapor? 
izedolinthe hydrogenating2onetohydrogenat 
ing Conditions of temperatureand pressureade? 
Quate t0 form lower bolinghydrocarbonsthere 

thereto,the last named pressure beingsuficient 
to maintain 8 SubStantial portion of the unva 
porized oilin liquid phase in the hydrogenating 
20ne andrecovering the resultant hydrogenated 
products? 
2·The process?as defined in claim1 further 

characterized in that the incondensible gases, 
priortointroductionto the crackingand hydro 
genating Zones,are heated totemperatureade? 
quate Substantialyto increase thefree hydro 
gen Content thereof? 
3,A Conversion proceSS which comprisessub 

jecting hydrocarbon oil in a crackingzoneto 
Crackingtemperatureundersuficientpressureto 
maintain a SubStantial portion thereof in iquid 
phaSe,Separatingthe heatedoilinto vaporsand 
unvaporized ofl,passing at least a portion of 
the Separated UnVaporized Oil,without substan 
tialcoolingthereof,t9a hydrogenatingZone,con 
densingSaidVaporsandSeparatingtherefromthe 
incondensiblegases producedin the process,in 
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CrackingZoneandtothehydrogen8thng2One,Sub 
jectingthe unvaporizedoilin the hydrogenating 
Zone,in,the presence of the gaSes introduced 
thereto,to hydrogenating conditions of temper? 
ature and preSSure adequate to form lower boil 
ing hydrocarbons therefrOm and to maintain 8 
Substantialportion0fthe unVap0rizedoilinliquid 

· ·phase,and recovering reSultant hydrogenated 
pr0ductS? 
4?ACOnversion proceSS Which comprises Sub 

jecting hydrocarbon oil in a Cracking Zone to 
Crackingtemperature undersuficient preSSureto 
maintaina substantial portion thereof in liquid 
Dhase,Separatingthe heated oilinto vapors and 
unyaporizedoi,passingat1eastaportion ofthe 
Separated UnVap0rized 0il,Without substantial 

3 
Cooling thereof,to 8,hydrogenating Zone,con 
densingSaidV8porsandSeparatingtherefromthe ” 
incondensible gaSes produced in the proceSS, 
heating Such gaSes t0 8,temperature adequate 
subStantialy to tncrease the free hydrogen con 
tent thereof andthenintroducing Separate üor? 
tionsthereof t0the Cracking2One8ndtothe hy 
drogenating2One,Subjecting the unVaporized oil 

,inthe hydrogenating2one,inthepresence ofthe 
gasesintroducedthereto,tohydrogenatingcondi 
tions of temperature and pressure Bdequate to 
formlowerboilinghydrocarbonstherefromandto 
maintain asubstantial portion of the unvapor? 
izedoilinliqudphase,andrecoveringresultant 
hydrogenated productS? 
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