
June 29, 1954 H, A, DUTCHER 2,682,497 
PEBBLE HEATER AND METHOD OF CONVERTING HYDROCARBONS - 

Filed April 10, 1950 2 Sheets-Sheet 1 

N 
S 

A/G 2. 

INVENTOR, 
H. A. DUTCHER 

BY % ) 

a77OAPAWAYS 

  

  



June 29, 1954 H. A. DUTCHER 2,682,497 
PEBBLE HEATER AND METHOD OF CONVERTING HYDROCARBONS 

Filed April 10, 1950 2. Sheets-Sheet 2 

t INVENTOR. 
H.A.DUTCHER 

" 4-2-427 
A77OAPMEYS 

  



Patented June 29, 1954 2,682,497 

UNITED STATES PATENT OFFICE 
2,682,497 

PEBBLE HEATER AND METHOD OF 
CONVERTNG HYDROCARBONS 

Harris A. Dutcher, Bartlesville, Okla., assignor 
to Phillips Petroleum Company, a corporation 
of Delaware 

Application April 10, 1950, Serial No. 155,037 
(CI. 196-55) 13 Claims. 

1. 
This invention relates to pebble heat ex 

changers. In one of its more specific aspects, it 
relates to the conversion of heavy petroleum oil 
or residuum. In another of its more Specific 
aspects, it relates to a means for introducing 
heavy petroleum oil into a reaction chamber. In 
another of its more specific aspects, it relates to 
improved pebble heat exchange apparatus. 
Thermal conversion processes which are car 

ried out in so-called pebble heater apparatus 
utilize a fluent mass of solid heat exchange ma 
terial, which mass is ordinarily heated to a high 
temperature by passing hot gas therethrough in 
a first direct heat exchange step and is then 
caused to contact fiuid reactant materials, fur 
nishing heat thereto, in a second direct heat ex 
change. In the conversion of heavy petroleum 
oils in pebble heater apparatus, it is known to 
introduce a stream of the heavy petroleum oil or 
residuum as reactant material directly into the 
upper portion of a reaction chamber which Con 
tains a fluent mass of pebbles heated as above de 
scribed. In such operation, it has been found 
that a very poor distribution of the heavy pe 
troleum fraction is obtained throughout the re- 2: 
action chamber and the hot fluent pebble mass 
contained therein. Another problem which has 
been encountered in such an operation is that 
excessive coking occurs by reason of the direct 
contact between the heavy petroleum fraction : 
and the heated pebbles. For the above reasons 
non-uniform conversion of the heavy petroleum 
oil is obtained and an excessive amount of such 
oil is converted to coke rather than to the de 
sired lighter hydrocarbon materials. 

Broadly speaking, this invention comprises a 
means. and method for converting heavy petro 
leum oils to lower boiling hydrocarbon materials, 
such as ethylene, propylene, and highly aromatic 
gasoline-type materials. The means by which 
this improved operation is obtained is an im 
proved pebble heater apparatus which utilizes the 
conventional 2-chamber device but which has, 
in addition, at least one other pebble chamber 
Which is utilized for coating pebbles which are 
at a relatively low temperature with the heavy 
petroleum oil utilized as the heavy reactant na 
terial charge stock for the system. The method 
of converting the heavy petroleum oil fraction to 
the lower boiling hydrocarbon materials has the 
improvement of better distribution of the oil 
throughout the reaction chamber and a lesser 
direct contact between the oil charge stock and 
the hot pebbles from the pebble heater chamber. 
Conventional pebble heater chambers of peb 
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ble heater apparatus are generally formed as cyl 
inders in which a solid heat exchange material 
is collected in the form of a moving bed. Hot 
heat eXchange gases are passed upwardly through 
the cylindrical bed, sometimes being introduced 
thereinto at the periphery of the bed and at 
its lower end, and sometimes through a refrac 
tory arch which supports the moving pebble bed. 
At other times, heat is supplied to the heating 
chamber by supplying a fuel to the lower portion 
of the pebble bed within the heater chamber and . 
burning, the fuel on the surface of the pebbles 
So as to heat the pebbles by combustion and fur 
ther heat the pebbles by passing the resulting 
combustion gas upwardly, through the downflow 
ing fluent mass of pebbles and in direct heat 
exchange therewith. 
The heated pebbles are introduced into the 

upper portion of a reaction chamber and the 
reactant materials when comprising. heavy pe 
troleum oil or residuum have been conventional 
ly introduced as a fluid stream directly, Onto the 
surface of the hot pebbles from the pebble heater 
chamber and flow downwardly through the re 
action chamber concurrent, the flow of the hot 
solid heat exchange material, thereby obtaining 
the heat necessary for thermal conversion of the 
heavy petroleum or residuum fraction. 

Solid heat exchange material which is Conven 
tionally used in pebble heater apparatus is gen 
erally called 'pebbles.' The term 'pebbles' as 
used herein denotes any solid refractory material 
of flowable size and form, having strength which 
is Suitable to carry large amounts of heat from 
the pebbleheating chamber to the reaction cham 
ber without rapid deterioration or substantial 
breaking. Pebbles which are satisfactorily used 
in pebble heater apparatus are ordinarily Sub 
stantially spherical in shape and range from 
about 48 inch to about 1 inch in diameter. In 
high temperature processes, pebbles having a 
diameter of between about ys inch, and 42 inch 
are preferred. The pebbles must be formed of 
a refractory material which will withstand tem 
peratures at least as high as the highest ten 
perature attained in the pebble heater chamber. 
The pebbles must also be capable of withstand 
ing, temperature changes Within the apparatus. 
Refractory materials, such as metal alloys, 
ceramics, or other satisfactory material may be 
utilized to form such pebbles. Silicon carbide, 
alumina, periclase, thoria, beryllia, Stellite, zir 
conia, and mullite may be satisfactorily used to 
form such heat transfer pebbles or may be used 
in admixture with each other or with other ma 
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terials. Pebbles formed of such materials when 
properly fired serve very well in high tempera 
tures. Some pebbles, such as mullite-alumina, 
pebbles withstand temperatures as high as 3200 
F. and above. 
An object of this invention is to provide an in 

proved pebble heater apparatus. Another object 
of the invention is to provide improved means 
for introducing a heavy petroleum fraction charge 
stock into a reaction chamber of pebble heater 
apparatus. Another object of the invention is 
to provide a method for introducing a heavy pe 
troleum fraction charge stock into a reaction 
chamber of pebble heater apparatus. Another 
object of the invention is to provide inproved 
means for reducing coke formation in the thernal 
conversion of a heavy petroleum fraction charge 
stock. Another object of the invention is to pro 
vide an improved method for reducing coke 
formation in the thermal conversion of a heavy 
petroleum oil charge stock. Other and further 
objects and advantages will be apparent to those 
Skilled in the art upon study of the accompany 
ing discussion and the drawings. 
Understanding of the invention will be facili 

tated upon reference to the drawings in which 
Figure 1 is a diagrammatic elevation of the 
pebbe heater apparatus of this invention. iig. 
ure 2 is a modification of the pebble throat ar 
rangement between the pebble heater chanoer 
and reaction chamber of the device shown as 
Figure of the drawings. Figure 3 is a horizontal 
CrOSS-Section taken along the line 3-3 of Figuie 
2. Figure 4 is a Schematic showing of a preferred 
modification of the pebble heater apparatus of 
this invention. Figure 5 is another diagrammatic 
elevation of a modification of the pebble heater 
device of this invention. 

Referring Specifically to Figure 1 of the draw 
ings, pebble heater chamber comprises outer 
shell 2, which is closed at its upper and lower 
ends by cloSure members 3 and 4, respectively. 
Pebble inlet conduit 5 and gaseous effluent out 
let conduit 6 are provided in closure member 
3 and pebble outlet conduit extends down 
wardly from closure member 4. Heating fluid 
inlet conduit 8 extends from a heating material 
supply source to closure member 4 and is pref 
erably formed as a bustle ring extending around 
at least a portion of closure member 4, com 
municating through that closure member with 
the interior of pebble heater chamber . Pebble 
outlet conduit 7 in the lower end portion of 
chamber has an enlarged cross-section in its 
lower end portion, which enlarged conduit por 
tion is connected to closure member 9 in the 
upper end of shell 2 which forms reaction chan 
ber 22. Gaseous effluent outlet conduit 23 is pro 
vided in closure member 9. The lower end por 
tion of shell 2i is closed by closure member 24 
and fluid Conduit 25 is connected to closure mem 
ber 24, communicating through that closure 
rember With the interior of pebble chamber 22. 
Conduit 25 preferably extends as a bustle ring 
at least a portion of the Way around closure mem 
ber 24. Pebble outlet conduit 26 is provided in 
closure member 24, which pebble outlet conduit 
is connected at its lower end with the lower end 
portion of elevator 2. Pebble flow controller 
28, which may be a conventional Star Valve, a 
table feeder, a gate valve, or the like, is provided 
intermediate the ends of pebble outlet conduit 
26. Elevator 2 is connected at its upper end 
portion with pebble inlet conduit 5 which is con 
nected at its lower end with closure member 3 
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4. 
of pebbie heater chamber it. Elevator 2 may 
be of a bucket type, a helical conveyor, a ga S 
life type elevator, or the like. 
Contact chamber 29, which comprises shell 3 

closed at its upper and lower ends by closure 
members 32 and 33, respectively, is connected to 
conduit 5 intermediate its ends by conduit men 
ber 33 which is connected to chamber 29 at clo 
sure member 32. Pebble outlet conduit 36 ex 
tends between closure member 33 of shell 3 and 
the enlarged portion of conduit 7 between the 
bottom of chamber and the upper end portion 
of chamber 22. Pebble flow controller 35 is pro 
vided intermediate the ends of pebble conduit 36. 
A perforate member 3 is provided in the lower 
portion of a section of outlet conduit 36 and 
collector chamber 38 is affixed to the lower por 
tion of conduit 36 and around perforate member 
3 therein. Fluid outlet conduit 39, which is pro 
vided with flow control valve 4E, extends between 
the lower end portion of collector chamber 38 
and charge stock storage chamber 42. Charge 
stock supply conduit 43 extends into storage 
chamber 42 and charge stock outlet conduit 44, 
which is provided therein with flow control valve 
45, extends between the lower portion of storage 
chamber 42 and pump 46. Charge Stock Supply 
conduit 47 extends between pump 4S and the 
lower end portion of pebble conduit 34 which is 
connected at its lower end with contact chamber 
29. Flow control valve 48 is provided interne 
diate the ends of charge stock supply conduit T. 

In the operation of the device disclosed above, 
pebbles are supplied to the upper end portion 
of pebble heater chamber and form a fluent 
contiguous mass with that chamber, which fluent 
pebble mass gravitates downwardly through that 
chamber. A fluid heating material is introduced 
into the lower portion of chamber . The fluid 
heating material may be a hot combustion gas 
which is introduced into the lower portion of 
chamber through inlet conduit 8. The Con 
bustion gas flows upwardly through that chamber 
countercurrent the flow of Solid heat eXchange 
material therein. The heating material may also 
by a combustible fuel, together with air, which 
fuel is burned in the presence of the fluent peb 
bles, imparting heat to those pebbles as a result 
of the combustion. Resulting combustion gases 
are allowed to flow upwardly through chamber 
countercurrent the flow of pebbles therein. The 
hot combustion gas heats the pebbles in a direct 
heat exchange relation and after imparting a 
large portion of its heat to such pebbles, the gase 
ous effluent material is removed from chamber 
through effluent outlet conduit t6. The pebbles 
are heated to a temperature within the range of 
2000. F. to 32009 F., preferably within the range 
of 2500° E. to 3000° F., in chamber and are 
gravitated from that chamber through conduit 

into reaction chamber 22 in which they form 
a fiuent contiguous pebble bed. 
A second portion of pebbles is introduced into 

chamber 29 through conduit 34 and forms a ful 
ent contiguous mass within that chamber. Heavy 
petroleum oil or residuum is pumped by means 
of pump 46 through conduit 47 and is Sprayed 
onto the surface of the pebbles which are intro 
duced into chamber 29. The heavy petroleum 
oil generally has an AFI gravity within the range 
of 10 to 25, preferably between 15 and 20. The 
pebbles within chamber 29 are at a temperature 
within the range of from 300 F. to 800 F. It is 
preferred that the temperature of those pebbles 



2,682,497 
5 

be maintained within the range of from 350° F. 
to 700° F. As the pebbles are introduced into 
chamber 29, the heavy petroleum fraction is 
Sprayed onto the surface of those pebbles and 
as the maSS of pebbles moves downwardly through 
chamber 29 the coating of oil is evenly distributed 
over the Surface of the individual pebbles. The 
oil coated pebbles are gravitated from the lower 
portion of chamber 29, through conduit 36. As 
the oil coated pebbles foW through conduit 36, 
any excess heavy oil or residuum which is not 
intimately coating the pebbles is separated from 
the pebbles and passes into an excess oil sepa 
ration means comprising perforate member 3 
and collector chamber 38. The oil is removed 
from chamber 38 through conduit 89 into Storage 
chamber 42. The oil is then recycled to the 
upper portion of chamber 29 through conduit 4, 
pump 46, and conduit 4. 
The oil coated pebbles are introduced into the 

enlarged portion of conduit and flow down 
wardly in admixture with the heated pebbies 
from pebble heater chamber . 
pebbles and the oil coated pebbles are evenly dis 
tributed as they gravitate together into reaction 
chamber 22. The heated pebbles from pebble 
heater chamber provide the heat necessary for 
the conversion of the coating of heavy oil. On 
the pebbles from chamber 29. The heavy oil is 
raised to reaction temperature at a slightly slower 
rate than is obtained in the introduction of Such 
oil directly onto the hot surface of the highly 
heated pebbles. For that reason, a considerably 
greater portion of the heavy residuum or petro 
leum oil is converted to hydrocarbon materials 
of lower boiling point than the residulin than 
was possible in the conventional method of direct 
introduction of heavy petroleum onto the highly 
heated pebbles. A smaller proportion of coke is 
formed in this manner than by the method of 
direct introduction of residuum onto highly heat 
ed pebbles. Resulting reaction products which 
are in a gaseous or vaporous state are removed 
from charaber 22. 

Removal of the reaction productS may be made 
through gaseous effluent outlet conduit 23 in clo 
sure member 9 or may be through fluid conduit 
25. In the preferred method of operation, the 
gaseous effluent is removed through conduit 23 
and a gaseous material, generally one which is 5 
inert to the reaction being carried on within 
chamber 22, is introduced into the lower portion 
Of that chamber through conduit 25. Steam or 
a normally gaseous hydrocarbon, Such as pro 
pane or butane, is satisfactorily utilized as the 5: 
inert material introduced through conduit 25. 
The introduction of Such gaseous material into 
the lower portion of the pebble bed within chann 
ber 22 materially reduces the temperature of the 
pebble mass by extracting heat therefron, which 
heat is carried into the upper portion of the 
pebble bed within chamber 22 by the inert gase 
'ous material and the inert gaseous material is 
Subsequently removed from chamber 22 through 
gaseous effluent outlet conduit 23. The pebbles 
which have been cooled by the reaction and heat 
eXchange Within chaniber 22 are removed from 
that chamber through conduit 26 and the flow 
thereof is controlled through conduit 26 by 
means of pebble flow control device 28 which may 
be, as pointed out above, a conventional star 
valve, a table feeder, a gate valve, or other con 
ventional flow control device. The pebbles, which 
have been cooled for better handling, are elevated 
by elevator 27 and are introduced into the upper 
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cool pebbles is removed from conduit 5 through 
conduit 34. The flow of pebbles through cham 
ber 29 is controlled by means of pebble flow con 
troller 35 in conduit 36. The remaining portion 
of the pebbles is introduced into the upper por 
tion of chamber through conduit 5 and the 
pebbles are raised to a high-temperature therein 
aS described above. 
Referring particularly to Figure 2 of the draw 

ings, conduit 7 is modified by providing it with 
a baffle member 5 which is supported therein 
by Support members 52. Baffle member 5 is 
Smaller in diameter than the inner diameter of 
conduit f by more than at least two pebble diam 
eters. Conduit 36 extends through the Wall of 
conduit and terminates at a point directly 
above baffle member 5. The disposition of baffle 
member 5 with respect to conduit 7 is shown 
in Figure 3 of the, drawings. Baffle member 5 is 
preferably disposed so as to form an annulus be 
tween its periphery and conduit T. Excellent 
admixing between hot pebbles which pass down 
Wardly through conduit 7 and oil coated pebbles 
which gravitate into conduit 7 through conduit 
36 is aided by baffle member 5. 8 

Referring particularly to the device set forth 
as Figure 4 of the drawings, parts which are the 
Same as those disclosed in connection with Fig 
ure 1 of the drawings, are indicated by like 
numerals. Chamber 22 of Figure 4 is provided 
intermediate its ends with effluent outlet conduit 
53 which has flow control valve 54 provided there 
in. Conduit 53 is preferably provided in the 
lower portion of chamber 22 so that it can be 
adapted for the Withdrawal of gaseous effluent 
from that chamber under conditions such that 
Concurrent flow of Solid heat exchange material 
and reaction products is obtained. Flow control 
Valve 55 is provided in effluent outlet conduit 23 
in closure member 9 of chamber 22. By such 
construction, it is possible to remove the gaseous 
reaction products from either the upper end por 
tion of reaction chamber 22 or from a point in 
the lower portion of that chamber. Auxiliary re 
actant material inlet conduit 56 is shown by 
dotted lines in the upper end portion of reaction 
chamber 22 and Surrounds a space adjacent the 
Outlet end of conduit 7. Inlet conduit 56, which 
is preferably in the form of a perforate header, is 
connected to reactant material supply conduit 43 
36 is aided by baffle member 5f. 
Contact chamber 58 differs from contact cham 

ber 29 of Figure 1 in the incorporation of the 
collector chamber portion 59 at the lower end of 
chamber 58, which collector chamber portion cor 
responds to chamber 38 shown in Figure 1 of the 
dra Wings. Collector chamber portion 59 is Sepa 
rated from the upper portion of chamber 58 by 
ineans of a perforate pebble support member 6 
which slopes downwardly across chamber 58 to the 
inlet end of pebble outlet conduit 36. 

Operation of the device shown as Figure 4 of the 
drawings is similar to that set forth in the dis 

5 cuSSion of Figure 1 and differs particularly in the 
introduction of additional reactant material di 
irectly onto the Surface of the pebbles which are 
introduced into the upper portion of chamber 22. 
Although it is realized that such operation results 
in a considerably higher carbon formation, it is at 
times desirable to feed a greater quantity of re 
actant material to the reaction chamber than is 
carried on the Surface of the pebbles from contact 
chamber 58. Variation of the amount of react 
ant material fed to reaction chamber 22 on the 
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surface of the relatively cool pebbles from cham 
ber 58 is obtained by varying the speed at which 
pebble flow controller 35 is operated. The ratio 
of oil coated pebbles from chamber 58, or cham 
ber 29 of Figure 1, to the heated pebbles from 
chamber is preferably maintained Within a 
ratio of between 1:1 to 1:3. The ratio of hot to 
oil coated pebbles and the quantity of oil intro 
duced through inlet conduit 56 is such that the 
heavy oil is raised to a reaction temperature with 
in the range of from 1400°F, to 1600 F. 
Although greater carbon formation is encoun 

tered by introducing the reactant material direct 
ly onto the surface of the pebbles in the upper 
portion of chamber 22 than is encountered when 
all of the oil is distributed as a coating on cool 
pebbles, a lesser amount of carbon formation is 
encountered than in an operation in which all of 
the heavy petroleum fraction is introduced di 
rectly onto the surface of pebbles which have been 
heated to a high temperature. This mixed type 
of operation, however, lends flexibility to the 
over-all process of this invention. 
Gaseous material which may be inert to the re 

action carried on within chamber 22 is introduced 
into the lower portion of that chamber through 
conduit 25 and when the gaseous reactant ma 
terials are Withdrawn from chamber 22 through 
conduit 53 the inert gaseous material is also With 
drawn through that conduit. When reaction 
products are withdrawn through effluent outlet 
conduit 23 the inert gaseous material is Withdrawn 
either through conduit 23 or through conduit 53. 
The cooled pebbles from chamber 22 are ele 
wated by elevator 27 in the same manner as de 
scribed in the discussion of the device of Figure 
1 of the drawings and the pebbles are Supplied 
through conduit 34 and through conduit 5 in the 
same manner as described in connection with the 
device set forth as Figure 1 of the drawings. 
Heavy petroleum oil which is not retained on the 
surface of pebbles within contact chamber 58 is 
separated from those pebbles and is allowed to 
pass into an excess oil separation means which 
comprises perforate pebble support member 6 
and collector chamber 59. The oil is passed 
therefrom through conduit 39 into storage chan 
ber 42. 

Referring particularly to the device set forth 
in Figure 5 of the drawings, parts which are the 
same as those described in connection with Fig 
ures 1 and 4 of the drawings are indicated by 
like numeras. This device differs from those 
described above in that a perforate member 63 
is provided in a section of pebble outlet con 
duit 26, preferably downstream of pebble flow 
controller 28. The perforations in that conduit 
section are of such size as to allow pebbles of 
a particular size to fall therethrough. It is pre 
ferred that pebbles having diameters in the { 
range between 4 inch and A inch be allowed 
to fall therethrough, while pebbles having diam 
eters of 3% inch and larger will be retained with 
in conduit 26 by perforate conduit member 63. 
Perforations in conduit member 63 generally 
range between is inch and is inch. Pebble col 
lector chamber 64 is provided around the perfo 
rate conduit member 63 so as to collect the small 
er diameter pebbles which pass through the 
perforate conduit member, and pebble conduit 65 
extends between pebble collector chamber 64 and 
the lower end portion of elevator 66 which is 
similar to elevator 27. Elevator 66 is attached at 
its upper end portion to pebble conduit 6 which 
is in turn connected at its lower end portion to 
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3. 
regeneration chamber 68. Gaseous effluent Con 
duit 69 is provided at the upper end portion of 
chamber 68 and air inet conduit is provided 
in the lower end portion of that chamber. Gas 
heating chamber 2 is provided below chamber 
68 and is connected thereto by pebble conduit 
3. Pebble outlet conduit 4 extends from the 
lower end portion of gas heating chamber 2 to 
the upper end portion of contact chamber 58. Air 
inlet conduit 75 is connected to the lower end 
portion of gas heating chamber 72. Air outlet 
conduit 76 extends from the upper end portion 
of chamber 72 to heating material inlet conduit 
8 at the lower end portion of pebble heater 
chamber f. Reactant material inlet conduit 
A is connected at its outlet end to the lower end 
portion of pebble outlet conduit 74 at a point 
adjacent its inlet to contact chamber 58. 

In the operation of the device set forth as 
Figure 5 of the drawings, pebbles having a 
diameter of between 3% inch and 1 inch are in 
troduced into the upper portion of chamber 
and are heated in that chamber as described 
above. Pebbles having a diameter of between / 
inch and A inch are introduced into the upper 
portion of contact chamber 58 and are coated with 
the heavy petroleum charge Stock as described 
above. ExceSS oil is separated from the oil 
coated pebbles in chamber 58 as described in 
connection with the device of Figure 4 of the 
drawings, and the oil coated pebbles are intro 
duced into chamber 22, together with the highly 
heated pebbles from chamber and are ad 
mixed therein for reaction purposes as hereto 
fore described. Resulting reaction materials may 
be withdrawn through effuent outlet conduit 
23 or effuent outlet conduit 53. 
No heat control gas is introduced into chamber 

22 for the purpose of lowering and maintaining 
the temperature of pebbles therein. The pebbles 
are withdrawn from the lower end portion of 
chamber 22 through conduit 26 and the flow 
thereof is controlled by pebble flow controller 
28. The pebbles of smaller diameter are sep 
arated from pebbles of a larger diameter as they 
flow over the perforate conduit section 63, the 
Smaller pebbles being gravitated therethrough 
into pebble collector chamber 64. The larger 
pebbles are elevated by means of elevator 2 and 
are introduced into the upper portion of cham 
ber . The Smaller pebbles are supplied by 
conduit 65 to the lower portion of elevator 66 
by Which they are elevated to the upper end por 
tion of conduit 67 through which they are gravi 
tated into the upper portion of regeneration 
chamber 68. Air is introduced into the lower 
portion of regeneration chamber 68 through con 
duit if and any carbonaceous or tarry ma 
terial is oxidized from the surface of the pebbles 
and gaseous effluent material is renoved from 
regeneration chamber 68 through effluent Con 
duit 69. 
The pebbles from which the carbonaceous or 

tarry material has been removed are gravitated 
through conduit 3 into chamber 72. Air is in 
troduced into the lower portion of chamber 2 
through inlet conduit 15 and flows upwardly 
therethrough Countercurrent the flow of pebbles 
therein. The pebbles are cooled in a direct heat 
exchange with the air in chamber 2 and are 
Supplied in that cooled condition to the upper por 
tion of chamber 58 through conduit 4. The 
air which is heated in the direct heat eXchange 
in chamber 72 is supplied by conduit 6 to 
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heating material inlet conduit f8 wherein it is 
admixed with a combustible fuel material. 

It is obvious that the air and fuel could be 
Supplied to a combustion zone external of pebble 
heater chamber , but for the purpose of sim 
plicity Figure 5 diagrammatically shows a com 
mon Conduit for fuel and air into the lower por 
tion of chamber . Reactant material is in 
troduced onto the Surface of the cooled pebbles 
at the lower end portion of conduit 4. A heat 
ing means, either externally or internally posi 
tioned may be provided in heat exchange rela 
tion. With the lower portion of charge stock stor 
age chamber 42. In most situations, that will 
not be necessary, however, for the oil separated 
from pebbles within chambers 29 and 58 will 
Ordinarily carry Sufficient heat to maintain the 
temperature of the oil in chamber 42 in a flow 
able State. 

Specific eacample 
A heavy residual oil having an API gravity 

of 17.9 is sprayed into the upper portion of a 
Contact chamber and onto the surface of pebbles 
which are at a temperature of about 700 F. 
The oil is introduced into the contact chamber 
at a rate of about 50 pounds per hour. The oil 
coated pebbles are gravitated through the con 
tact chamber and into the upper portion of a 
reaction chamber at a rate of about 600 pounds 
per hour, carrying about 42.5 pounds of oil per 
hour. Steam is introduced into the lower por 
tion of the reaction chamber at a rate of about 
43 pounds per hour and pebbles which are at a 
temperature of about 2500° F. are gravitated into 
the upper portion of the reaction chamber in 
admixture with the oil coated pebbles at a rate 
of about 1400 pounds per hour. Heat from the 
hotter pebbles raises the oil within the reac 
tion chamber to a reaction temperature such 
that vaporous and gaseous products, amount 
ing to about 93.4 weight per cent of the feed, are 
obtained by withdrawing them together with the 
steam from the upper portion of the reaction 
chamber. The type of products produced and 
their relative amounts are set forth as follows 
(Weight per cent based on the feed) : 

: Percent 
Gases (C4 and lighter hydrocarbons, and 

F2? ---------------------------------- 22.4 
Gasoline (400 F. end point) -------------- 8.5 
Light gas oil (400 F-750 F.) --------...- 0.7 
Heavy gas oil (750 F.-900 F.)--...------ 10.9 
Higher boiling materials (900 F.--)------- 30.9 
The composition of the gaseous products (C4 

and lighter) is shown in the following tabula 
tion: 

Mol percent 
H2 ------------------------------------- 10.6 
CH4 ------------------------------------ 27.5 
C2H4 ------------------------------------ 26.5 
C2H6 ------------------------------------ 9.6 
C3H6 ---------------------------- - - - - - - 15.3 

C3H8 ------------------------------------ 1.5 
C4's ---------------------------------- - 8.4 
C4H10 ----------------------------------- 0.4 
A portion of the feed material is converted to 

Coke (about 6.6 Weight per cent of the feed under 
these conditions) and is deposited on the Surface 
of the pebbles. A portion of the coke bearing 
pebbles which have been reduced to a tempera 
ture of about 700 F. Within the reaction chamber 
are returned to the contact chamber in which 
they are once again coated with heavy oil. The 
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10 
remaining portion of coke bearing pebbles are 
passed to a pebble heating chamber in which the 
coke is burned from the surface thereof, the coke 
Supplying a portion of the fuel required of the 
proceSS. In this Inanner, an excessive accumu 
lation of coke on the pebbles is prevented. The 
presence of coke on Some of the peiiles passing 
through the reaction chamber does not interfere 
With the formation of the oil coating on Such 
pebbles and randon distribution of the coked 
pebbles between the contact and heating cham 
bers of the System insures adequate coke removal 
from the system. 

Warious riodifications of this invention Will be 
apparent to those skilled in the art upon study of 
the above disclosure and the drawings. Such 
modifications will be apparent to those skilled in 
the art and are believed to fall within the spirit 
and scope of this disclosure. 

I clain: 
1. A method for converting a heavy petroleum 

fraction to lighter hydrocarbon materials which 
comprises in combination the steps of passing a 
first portion of pebbles into the upper portion of 
a pebble heating ZOne; passing a hot fuid heat 
ing material through said heating zone so as to 
raise Said first pebbles to a temperature within 
the range of from 2000 F. to 3200. F.; removing 
gaseous effluent materials from Said pebble heat 
ing Zone; passing Said heated first pebbles into a 
reaction Zone; by-passing said heating zone with 
a Second portion of pebbles and introducing said 
Second portion of pebbles into a contact zone; 
introducing Said heavy petroleum into said con 
tact ZOne and coating Said Second pebbles with 
Only Said heavy petroleum; passing said petro 
leum coated Second pebbles from said contact 
ZOne into Said reaction Zone at a temperature 
within the range of from 300 F. to 800° F.; ad 
mixing Said heated first pebbles and said petro 
leurin coated Second pebbles in said reaction zone 
and raising said heavy petroleum to reaction 
temperature thereby; removing gaseous reaction 
productS. from said reaction zone; removing said 
pebbles from Said reaction Zone; returning a first 
portion of Said pebbles to said pebble heating 
Zone; and returning the balance of Said pebbles 
to Said contact Zone. 

2. A method for converting a heavy petroleum 
fraction to lighter hydrocarbon materials which 
Comprises in combination the steps of passing a 
first portion of pebbles into the upper portion 
of a pebble heating Zone; passing a hot gaseous 
heating material through said heating zone so 
as to raise said first pebbles to a temperature 
within the range of from 2500° F. to 3000 F.; 
renowing gaseous effiuent material from said 
pebble heating Zone; passing said heated first 
pebbles into the upper portion of a reaction zone 
and downwardly therethrough; by-passing said 
heating ZOne With a second portion of pebbles 
and introducing Said Second portion of pebbles 
into a contact Zone; introducing said heavy 
petroleum into said contact zone and coating 
Said Second pebbles With only said heavy petro 
leum; passing Said petroleum coated second 
pebbles from said contact Zone into said reaction 
ZOne at a temperature. Within the range of from 
350 F. to 700° F.; admixing said heated first 
pebbles and said petroleum coated secondpebbles 
in Said reaction Zone and thereby raising said 
heavy petroleum to reaction temperature within 
the range of from 1250° E. to 1600 F.; removing 
gaseous reaction products from said reaction 
Zone; removing said pebbles from the lower por 
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tion of said reaction zone; returning a first por 
tion of said pebbles to the upper portion of Said 
pebble heating zone; and returning the balance 
of said pebbles to Said Contact Zone. 

3. The method of claim 2, wherein the ratio 
of said petroleum coated second pebbles to Said 
heated first pebbles is within the range of from 
1:1 to 1:3. 

4. The method of claim 2, wherein the temper 
ature of said second petroleum coated pebbles 
and said heated first pebbles at the point of in 
troduction into said reaction zone and the ratio 
between said second and first pebbles is Such 
that said heavy petroleum is raised to a reaction 
temperature within the range of 1400 F. to 
1600° E. 

5. The method of claim 2, wherein heavy 
petroleum in addition to that coating Said Second 
pebbles is introduced into the upper portion of 
said reaction zone; and the temperature of Said 
second petroleum coated pebbles and said heated 
first pebbles at the point of introduction into Said 
reaction zone, the ratio between said Second and 
first pebbles, and the quantity of Said additional 
heavy petroleum is such that said heavy petroleum 
is raised to a reaction temperature within the 
range of 1400°F. to 1600°F. 

6. A method for converting a heavy petroleum 
fraction, having an API gravity within the range 
of 10 to 25, to lighter hydrocarbon materials 
which comprises in combination the steps of 
passing a first portion of pebbles into the upper 
portion of a pebble heating Zone; passing a hot 
gaseous heating material through said heating 
zone so as to raise said first pebbles to a temper 
ature within the range of from 2500 F. to 3000 
F.; removing gaseous effluent material from Said 
pebble heating zone; passing Said heated first 
pebbles into the upper portion of a reaction Zone 
and downwardly therethrough; by-passing Said 
heating zone with a second portion of pebbles 
and introducing said second portion of pebbles 
into the upper portion of a contact Zone and 
downwardly therethrough; introducing Said 
heavy petroleum into the upper portion of Said 
contact zone; passing said heavy petroleum 
downwardly through said contact Zone in direct 
contact with said second pebbles, thereby coating 
said second pebbies with only said heavy pe 
troleum; separating said petroleum coated Sec 
ond pebbles and excess petroleum; returning said 
excess petroleum to the upper portion of Said 
contact zone; passing said petroleum coated 
second pebbles from Said contact zone into Said 
reaction Zone at a temperature Within the range 
of from 350° F. to 700° F.; admixing said heated 
first pebbles and said petroleum coated Second 
pebbles in Said reaction zone; removing Said 
pebbles from the lower portion of said reaction 
Zone; and returning a first portion of said pebbles 
to the upper polition of said pebble heating zone 

7. A heavy oil cracking System comprising it. 
combination a first closed pebble chamber first 
pebble inlet means in the upper portion of Said 
first chamber; gaseous effluent Outlet means in 
the upper portion of Said first chamber; heating 
material inlet means in the lower portion of said 
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first chamber; a second closed pebble chamber 
below said first chamber; first pebble conduit 
means extending between the lower portion of 
Said first chamber and the top portion of said 
Second chamber; gaseous effluent outlet means 
in the upper portion of said second chamber; 
first pebble outlet means in the lower portion of 
Said Second chamber; a third closed pebble 
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chamber; second pebble inlet means in the upper 
end portion of said third chamber; first oil inlet 
means in the upper end portion of said third 
chamber; second pebble outlet means interme 
diate the ends of Said third chamber Second 
pebble conduit means extending between said 
pebble Outlet means in Said third chamber and 
the top portion of said second chamber; excess 
oil separation means Connected to and sloping 
in a direction common with said Second pebble 
Conduit means; an oil Supply System connected 
to said oil inlet means in said third chamber; 
first oil conduit means extending between said 
oil separation means and said oil supply system; 
a plurality of perforations in the lower portion 
of a laterally extending section of said first 
pebble Outlet means, said perforations having a 
lateral dimension in the range of from is inch 
to is inch; a pebble collector chamber enclos 
ing the lower side of Said perforate Section of 
Said second pebbie outlet means; third pebble 
outlet means in the lower portion of Said pebble 
collector chamber; and elevator extending be 
tWeen said first pebble Outlet means and Said 
first pebble inlet nearls; a fourth closed pebble 
chamber above Said third chamber; third pebble 
inlet means in the upper portion of Said fourth 
chamber; an elevator extending between said 
third pebble ottlet means and said third pebble 
inlet means; a gaseous effluent outlet in the 
upper portion of Said fourth chainber; a gaseous 
material inlet conduit in the lower portion. Of 
said fourth chanber; a fifth closed pebble chain 
ber below said fourth Chamber, a pebble conduit 
extending between the lower portion of said 
fourth chamber and the upper portion of Said 
fifth chamber; third pebble conduit means ex 
tending between the lower portion of said fifth 
chamber and said second pebble inlet means; a 
gaseous material inlet in the lower portion of 
Said fifth chamber; and a gaseous material con 
duit extending between the upper portion of 
Said fifth chamber and said heating material 
inlet means in said first chamber. 

8. The heavy oil cracking system of clairn 7, 
Wherein said first pebble conduit means and said 
Second pebble conduit means form a common 
pebble inlet to said second chamber. 

9. The heavy oil cracking system of claim 3, 
Wherein an auxiliary oil inlet is provided in the 
upper portion of Said second chamber and ad 
jacent the outlet of Said first pebble conduit, 
means; and Second oil conduit means extending 
between said oil supply system and said second 
oil outlet means. 

10. The heavy oil cracking system of claim 7, 
Wherein a baffle member, smaller in diameter 
than the inner diameter of said first pebble con 
duit means, is positioned in that conduit means; 
and Said Second pebble conduit means extends 
from the pebble outlet means in said third cham 
ber to a place in said first conduit means di 
rectly over said baffle. 

11. The heavy oil cracking system of claim 7, 
Wherein Said excess oil separation means com 
prises a perforate pebble support member form 
ing the bottom closure of said third chamber, 
and a collector chamber enclosing the lower por 
tion of Said perforate pebble support member; 
and Said Second pebble conduit means extending 
from Said third chamber at a point adjacent 
the top Surface of said perforate pebble support, 
member. 

12. A method for converting a heavy petroleum 
fraction having an API gravity within the range 
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of 15 to 20, to lighter hydrocarbon materials 
which comprises in combination the steps of 
passing a first portion of pebbles into the upper 
portion of a pebble heating Zone; passing a hot 
gaseous heating material through said heating 
Zone so as to raise said first pebbles to a temper 
ature Within the range of from 2500 F. to 3000 
F.; removing gaseous effluent material from said 
pebble heating zone; passing said first pebbles 
into the upper portion of a reaction Zone and 
downwardly therethrough; passing a Second pol'- 
tion of pebbles into the upper portion of a COI)- 
tact zone and downwardly therethrough; intro 
ducing said heavy petroleum into the upper por 
tion of said contact zone; passing said heavy 
petroleum downwardly through said contact zone 
in direct contact with said second pebbles, 
thereby coating said second pebbles with said 
petroleum; Separating said petroleum-coated 
second pebbles and excess petroleum; returning 
Said excess petroleum to the upper portion of 
Said contact ZOne; passing said petroleum-coated 
Second pebbles from said contact zone into said 
reaction Zone at a temperature within the range 
of from 350° F. to 700° F.; admixing said heated 
first pebbles and Said petroleum-coated second 
pebbles in said reaction zone; removing said 
pebbles from the lower portion of said reaction 
zone; returning a first portion of said pebbles 
to the upper portion of said pebble heating Zone; 
passing the balance of Said pebbles into the upper 
portion of a regeneration zone and downwardly 
therethirough; passing air into the lower portion 
of said regeneration zone and upwardly there 
through countercurrent to the flow of pebbles 
therethrough; Oxidizing any carbonaceous de 
positS On said pebbles in Said regeneration Zone; 
removing gaseous effluent from said regeneration 
ZOne; passing said pebbles from the lower portion 
of Said regeneration zone into the upper portion 
of a gas heating zone and downwardly there 
through; passing air through said gas heating 
Zone in direct heat exchange with Said pebbles 
therein, whereby said air is heated and said 
pebbles are cooled; passing said cooled pebbles 
into the upper portion of said contact. Zone; re 
moving said heated air from said gas heating 
Zone; passing Said heated air and a combustible 
fuel to a combustion Zone; burning Said fuel in 
Said Combustion Zone; and introducing resulting 
hot combustion gases into the lower portion of 
Said pebbles heating Zone as said hot gaseous 
heating material. 
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14 
13. A heavy oil cracking system comprising in 

combination a first closed pebble chamber; first 
pebble inlet means in the upper portion of said 
chamber; gaseous effluent outlet means in the 
upper portion of Said first chamber; heating ma 
terial inlet means in the lower portion of said 
first chamber; a second closed pebble chamber 
below said first chamber; first pebble conduit 
neans extending between the lower portion of 
Said first chamber and the top portion of said 
Second changer; gaseous effiuent outlet means 
in the upper portion of said second chamber; 
pebble Outlet means in the lower portion of Said 
Second channer; a third closed pebble chamber 
above Said second chamber; pebble inlet means 
in the upper end portion of said third chamber; 
first oil inlet means in the upper end portion of 
Said third chamber; pebble outlet means in the 
lower portion of Said third chamber; second 
pebble conduit means extending downwardly be 
tween Said pebble outlet means in said third 
chamber and the top portion of said second 
chamber; excess oil separation means comprising 
a perforate pebble support member forming the 
bottom closure of said third chamber, and a col 
lector chamber enclosing the lower portion of 
Said perforate pebble Support neinber, connected 
to and sloping in a direction common with Said 
second pebble conduit means, said second pebble 
conduit, means extending from said third cham 
ber at a point adjacent to the top surface of Said 
perforate Support member; an oil Supply System 
connected to said oil inlet means in Said third 
chamber; first oil conduit means extending be 
tween said oil separation nea as and Said oil Sup 
ply system; and a pebble transfer means ex 
tending between said pebble outlet means in said 
second chamber and Said pebble inlet means in 
Said first and third chambers. 
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