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HARRY L. PELZER, OF HIGHLAND, INDIANA, ASSIGNOR. To SINCLAIR REFINING 

COMPANY, OF NEW YORK, N. Y., A CORPORAILUN OF MAINE 

ART OF CRACKING HYDROCARBON OILs 
Application filed June 7, 

This invention relates to improvements in 
the crackings of heavier and higher beiling 
hydrocarbon oils, such as gas oil, for the 
production there from of lighter and lower 

(; boiling hydrocarbon oils, such as gasoline 
and gasoline-containing cracked distillates. 
The invention provides an improved pres 
sure still or pressure still system for crack 
ing hydrocarbon oils and an improved 

10 heater for heating oil to a cracking tempera 
ture, both of which have several important 
al vantages. - . . 

In the improved heater of the invention 
a battery of tubes through which the oil is 

15 circulated is arranged in a furnace heating 
flue through which the heating gases for 
supplying heat to the oil are passed. This 
battery of tubes is made up of a succession 
of banks of vertically arranged tubes, the 

20 successive banks of tubes being connected in 
series by circulating connections connecting 
the upper end of the first bank with the 
lower end of the second bank, the upper end 
of the second bank with the lower end of 

25 the third bank, and so on through the series. 
These circulating connections are arranged 
externally of the heating ?ite in which the 
heating tubes are arrangel, althotigh pro 
vision may be made to reduce or prevent. 
heat loss from the circulating connections. 
In operation, oil is supplied to the lower ent 
of the first bank of heating tubes, circulated 
upwardly therethrough and heated therein 
by heat exchange with the heating gases, 
then circuiated downwardly from the upper 
end of the first bank to the lower end of the 
second bank of heating tubes, circulated up 
wardly through the second bank and further 
heated therein, and so on, being discharged 

40 from the upper end of the last bank of heat 
ing tubes in the heater at a cracking. 
temperature. - 

The improved pressure still or pressure 
still system of the invention comprises a 
bulk supply drum, and an oil heater of the 
type just described with appropriate circu 
lating connections including a suitable forc 
ing means for circulating oil from the bulk 
supply drum through the several banks of 
heating tubes in the heater in a succession 

1927. Serial No. 197,035. 
of passes and then back to the bulk supply 
crlin. In one particularly advantageous 
form of the invention, a bed of finely di 
vided solid material, such as fuller's earth or 
ground coke, is arranged in the bulk supply 
drum below the normal liquid level thereii, 
So as to be submerged in the body of oil in 
the bulk supply drum during operation, and 
between the circulating connections from 
the battery of heating tubes to the bulk sup 
ply drum and the circulating connections. 
from the bulk supply drum to the battery of 
heating tubes, so that oil recirculated 
through the heating tubes is passed through 
the bed of finely divided solid material. 
The finely divided solid material may be of 
a character exerting a selective absorbent 
action with respect to more objectionable 
constituents of the circulating still charge, 
in operation, or exerting a desulphurizing 
action, or it may exert simply a mechanical 
filtering action. In the combined apparatus 
of the invention, particularly where it in 
cludes a, bed of fiely divided solid na terial, 
the forcing means used is advantageously of 
positive displacement type a lapted to nail 
tain a high rate of circulation through the heater. 

In the heater, the oil circulating the re 
through is heated only while flowing up 
Wardly through the vertically arrangel 
leating tubes. There is thus but a minimum 
opportunity for deposit in the heating tubas 
of pitchy and carbonaceous soliels and seni 
Solids formed in the cracking operation and 
unifornity of heat absorption around the 
entire circumference of the heating tubes is 
promoted. At the same time, the heater of 
the present invention provides for prolonged 
travel of the oil in the heating zone. The 
oil travels through the heating zone in a 
succession of passes in each of which the 
relation between the circulation of the oil 
and the flow of the heating gases is the same. 
In the heater of this invention, the circulat 
ing oil is thus passed again and again 
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through the heating Zone while the arrange 
ment is such that the heating tubes are af 
forded a maximum of protection against 
overheating, general or local. 100 
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The improved heater of the invention is 
of special value and application in connec 
tion with operations in which hydrocarbon 
oils are subjected to relatively severe crack 
ing conditions. Usually, an increase in the 
production of fixed gases, gases incondensi 
ble at ordinary temperatures and pressures, 
and pitchy or carbonaceous solids or semi 
Solids accompanies an increase in the sever 
ity of the cracking conditions to which an 
oil is subjected, but in the heater of this in 
vention any difficulties due to an increase. 
in the proportion of fixed gases or pitchy or 
carbonaceous materials in the oil circulating 
through the heater, even with prolonged oil 
travel, are reduced to a minimum. The 
heater thus has special advantages in the 
combined pressure still or pressure still sy'?- 
tem of the invention, where unvaporized oil 
discharged from the heater containing dis 
Solved or suspended pitchy or carbonaceous 
solids or semi-solids is recirculated through 
the heater and where it is desirable to sub 
ject the oil to prolonged travel through the 
heating Zone or where it is desirable to sub 
ject the oil to more severe cracking condi 
tions. 

In the production of motor fuel gasolines, 
for example, it is frequently desirable to 
subject the raw oil to be cracked to quite 
Severe cracking conditions, say to tempera 
tures in excess of 800° F. and under pres 
sures up to 300 pounds per square inch or 
more, to secure products having relatively 
high critical compression or, as it is some 
times expressed, having anti-knock proper 
ties. It will be apparent that the apparatus 
of the present invention is particularly 
adapted for this purpose. 
The fire-box for supplying hot products 

of combustion to the heating flue in which 
the battery of heating tubes is arranged, in 
the apparatus of the invention, is advan 
tageously arranged to communicate with the 
upper end of the heating flue and the stack 
flute for escaping waste heating gases to 
communicate with the lower end of the heat 
ing flue, so that the heating gases pass gen 
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erally downwardly through the heating flue. 
Suitable baffles may be arranged in the heat 
ing flue to promote or maintain distribution 
of flow of the heating gases therethrough, as 
by causing then to pass back and forth 
across the flue as they travel downwardly 
therethrough. In the apparatus of the pres 
ent invention, this arrangement provides for 
the maintenance of generally countercurrent 
relation between the heating gases passing 
through the heating flue and the oil circu 
lating through the heating tubes in each of 
the successive banks of heating tubes. It is 
also advantageous to supply the oil entering 
the heater first to the bank of heating tubes 
with which the fresh hot products of com 
bustion, or the fresh heating gases, first con 
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tact. The several banks of heating tubes are also advantageously each arranged gen 
erally transversely to the flow of heating 
gases through the heating flue. Further to 
promote the efficiency of heat transfer 
through the heating tubes and to increase 
the capacity of the apparatus, to permit, 
realization of high fuel efficiencies, to pre 
vent overheating, particularly local over 
heating, of the heating tubes, and to pro 
mote unifornity of distribution of heat ab 
sorption throughout the entire battery of 
heating tubes, it is advantageous to recircu 
late through the heating flute together with 
fresh hot products of combustion, or fresh 
heating gases of high ten berature a por 
tion of the heating gases esting from the X ?? ?. 

heating flue in which the heating tubes are 
arranged. Such recirculation of a portion 
of the escaping heating gases has special ad 
Vantages in the apparatus of the present in 
vention where the oil is circulated through 
the same heating Zone in a succession of 
passes, particularly with respect to the 
maintenance of a high average temperature 
differential between the circulating oil at 
the heating gases in the heating furnace 
while avoiding overheating of the oil in any 
part of the battery of heating tubes. 
The combined apparatus of the invention, 9. 

a bulk supply drum with circulating connec: 
tions to and from an improved heater of 
the invention and including a bed of finely 
divided solid material arranged in the bulk 
supply drum below the normal liquid level 
therein and between the circulating connec 
tions to and from the heater, has several further special advantages. In this general 
form of apparatus, it is advantageous to 
maintain a relatively low rate of circulation 
of the oil through the bed of solid material 
and a relatively high rate of circulation 
through the heating tubes. In the appara 
tils of this invention, a much ligher ratio between the average velocity through the 
heating tubes and the average velocity 
through the bed of finely divide solid In 
terial can be maintained than, for example, in apparatus in which an equivalent number 
of heating tubes are connected all in par 
allel, Increased velocity of oil ?low through 
the heating tubes, in the apparatus of the 
present invention, also further assists in 
promoting the efficiency of heat transfer to 
the circulating oil and in improving the ca 
pacity of the apparatus, as well as further 
protecting the heating tubes against over 
heating, general or local. The bed of finely 
divided solid material acts to remove more 
objectionable constituents from the circulat 
ing still charge in the operation of the ap 
paratus, suspended pitchy or carbonaceous 
materials by filtering action and dissolved 
objectionable constituents by absorption or 
reaction, so that unvaporized oil recirculat 
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ed through the heating tubes is kept rela 
tively more free from constituents which are 
particularly active in formation of deposits 
in the heating tubes by passage through the 
bed of finely divided solid material. After 
passage through the bed of finely divided 
solid material, accordingly, the recirculated 
oil may be subjected to more severe cracking 
conditions without danger of objectionable 
deposition in the heating tubes than would 
be appropriate if the circulating oil had a 
higher content of pitchy or carbonaceous 
solid or semi-solid materials or objectionable 
constituents promoting deposition. In this 
respect the combined apparatus of the pres 
ent invention is particularly advantageous, 

provides for removal of such objec 
tionable constituents from the circulating 
charge before the oil is recirculated through 
the heating tubes and for prolonged travel 
of the oil through the heating tubes after 
the removal of such constituents, and is also 
particularly adapted to the maintenance of 
relatively more severe cracking conditions 
in the apparatus. Here again, the increased 
ratio between the average velocity through 
the heating tubes and the average velocity 
through the bed of finely divided solid ma 
terial which can be maintained in the ap 
paratus of the present invention assists in 
improving both the effectiveness of the bed 
of finely divided solid material and the op 
eration of the battery of heating tubes and 
of the heating furnace. 
The improved pressure still or pressure 

still system of the invention, particularly 
including the bed of finely divided material, 
makes possible improvement both with re 
spect to efficiency and with respect to ca 
pacity, and also is particularly adapted for 
the production of motor fuel products hav 
ing relatively high critical compression or 
having anti-knock properties. 
The invention will be further described 

in connection with the accompanying 
drawings which illustrate, diagrammati 
cally and conventionally, apparatus em 
bodying the invention, but it will be under 
stood that this further description and illus 
tration is intended for exemplification and 
that the invention is not limited thereto. In 
the accompanying drawings; 

Fig. 1 represents, in elevation and partly 
in section and with parts broken away, One 
form of pressure still or pressure still sys 
tem embodying the invention, 

IFig. 2 represents, in elevation and partly 
in section and with parts broken away, an 
other form of pressure still or pressure still 
system, including a bed of finely divided 
solid material, embodying the invention, 

Fig. 3 is an elevation in more detail of the battery of heating tubes and circulating 
connections illustrated in the oil heater shown 
in Figs. 1 and 2, the heating furnace con 
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struction being indicated in outlined vertical 
section, 

Fig. 4 is a plan view, in more detail, of the 
battery of heating tubes and circulating con 
nections illustrated in Figs. 1 and 2, 

Fig. 5 is a transverse vertical section 
through the heating flue of the heating fur 
nace and the battery of heating tubes il 
lustrated in Figs. 1 and 2, 

Fig. 6 is a fragmentary detail of one of 
the headers to which the heating tubes are 
connected, 

Fig. 7 is a fragmentary section through 
one of these headers showing a connected heating tube, 

Fig. S is a horizontal section through one 
form of circulating pump of special value 
and application in connection with the ap 
paratus of this invention, 

Fig. 9 is a section on line 9-9 of Fig. 8, 
Fig. 10 is a section on line 10-10 of Fig. 8, 
Fig. 11 is a simplified diagrammatic 

showing of the oil flow through the im 
proved oil heater of the invention, and 

Fig. 12 is a further simplified diagram 
matic showing of the relation between the 
flow of oil and the flow of heating gases in 
the improved oil heater of the invention. 
The pressure still or pressure still system 

illustrated in Fig. 1 comprises a bulk supply 
drum 15, a battery of heating tubes made up 
of a series of banks of heating tubes situ 
ated in the heating flue of the furnace 16, 
and circulating connections 17, 18 and 11 in 
cluding a circulating pump 20 for circulat 
ing Oil from the bulk Supply drum succes 
sively through the series of banks of heat 
ing tubes and back to the bulk supply drum. 
The battery of heating tubes coinprises a 
series of banks of vertically arranged heat 
ing tubes with connections for circulating oil 
from the top of the first bank to the boiton 
of the second bank, from the top of the see 
old bank to the bottom of the third bank, 
and so on. These connections, connecting 
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the upper ends of the banks of heating tubes, 
except the last, with the lower ends of the 
successive banks, are arranged externally 
of the heating flue in which the battery of 
heating tubes is arranged. The circulating 
connections 17 and 18 from the bulk supply 
drum connect with the lower end of the first 
bank of heating tubes in the series and the 
circulating connections 19 to the bulk supply 
drum connect with the upper end of the last 
bank of heating tubes in the series. 

in operation, a charge of oil is main 
tained in the bulk supply drum 15, oil from 
this charge is circulated downwardly 
through connections 17 and 18 to the lower 
end of the first bank 21 of heating tubes, upwardly through this bank of ?heating 
tubes and heated therein, downwardly 
through the unheated connections to the 3) 
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lower end of the second bank 22 of heating 
tubes, upwardly through this bank of heat 
ing tubes and heated therein, downwardly 
through the unheated connections to the 

5 lower end of the third bank 23 of heating 
tubes, upwardly through this bank of heat 
ing tubes and heated therein, downwardly 
through the unheated connections to the 
lower end of the fourth bank 24 of heating 

10 tubes, upwardly through this bank of leat 
ing tubes and heated the rein, downwardly 
through the unheated collections to the 
lower end of the fifth and last ball k 25 of 
heating tubes, upwardly through this bank of 

15 heating tubes allel heated the reil), and thence 
back to the bulk supply drun trough con 
nections 19. The flow of oil through the 
battery of oil heating tubes in the leating 
furnace is illustrated, pell as more clearly, 

20 in Fig. 11. Keferring to Fig. I 1, the succes 
sive banks 21, 22, 23, 24 and 25 of heating 
tubes are arranged in the heating ?hue of the 
furnace and the connections 26, 27, 2S and 29 
connecting the successive banks of heating 

25 tubes in the series are arranged externally 
of this heating flute. Oil supplied through 
connections 18 passes upwardly through 
each of the banks of heating tubes ill the 
series in succession, being heated while flow 30 ing upwardly through the vertically ar 
'anged heating tubes in the successive banks 
but being unheated while flowing down 
wardly from the top of one bank to the bot 
tom of the next bank, so that the circulating 

35 oil is heated only while flowing upwardly 
through the vertically arranged heating 
tubes. The oil is then discharged from the 
top of the last bank of heating tubes in the 
series through collections 19. 40 One particularly advantageous form of 
oil heter en bodyin: the invention, that il 
lustrated in Figs, and 2, is illtistratel in 
more detail in Figs. 3 to . Referring particularly to these figures, 

45 the heating firinace is made up of a le:tillg 
fue 30, a firebox 3l (equipped with suit 
able means for buring the fel (sed to sup 
ply heat to the operation) (oil))licating 
with the upper end of the heating ?lite, and 

50 a stack flue 32 communicating with the 
lower end of the heating ille. In operation, 
the hot products of combustion from the 
firebox pass upwardly from the firebox to 
the upper end of the heating fille, then 
downwardly through the heating fue, es 
'aping from the lower end of the heating 

5 5 

fue through the Stack lue. In the furinace 
construction illustrated, the bridge Wall 33 
is arranged to prevent direct radiation from 

60 the firebox upon the heating tubes arranged 
in the heating flue. A battery of heating 
tubes made up of five banks of ten tubes 
each are arranged in and cxtend through 
the heating flue 30. Bafiles 34 and 35 are 

85 arranged in the heating flue to cause the 

heating gases to pass back and forth across 
the flue as they pass downwardly there 
through. Each of the banks of heating 
tubes is arranged generally transversely to 
the flow of heating gases to the heating flue. 
Oil entering the battery of heating tribes is 
supplied first to the bank of heating tubes 
with which the fresh hot products of com 
bustion from the firebox first contact. 
Steam jet blowers 36 are arranged, on oppo 
site sides of the furnace setting, for with 
drawing through openings 37 a portion of 
the heating gases about to enter the stack 
fille and returning it through openings 3S 
to be recirculated through the beating fue 
in admixture with fresh hot products of 
combustion from the firebox. 

Each bank of heating tubes is made up of 
a lllliber of tubes connected at opposite 
en els with an upper header 39 and a lower 
header 40. Excepting the lower header om 
the first bank of heating tubes in the series 
and the upper header on the last bank of 
heating tubes in the series, these headers 
are closed at one end and of the general 
construction illustrated in Figs. G and 7. Plugs 41 are provided opposite the ends of 
each of the heating tubes to permit access 
for cleaning or to provide for replacement 
of heating tubes. Supply connections con 
nect with both ends of the lower header 40' 
on the first bank of heating tubes and dis 
charge connections connect with both ends 
of the upper header 39 on the last bank of 
heating tubes. This arrangement of the 
first and last header's is advantageous in 
promoting uniform distribution of flow 
il ClOSS the banks of heating tubes. Circu 
lating connection 26, arranged on the far 
side of the heater as shown in Fig. 3, con 
hects the upper header 39 on the first baik 
Of heating tubes with the lower leader 4) 
Oll, the Second bank of heating tubes. Cir 
culating connection 27, arranged on the 
near side of the furnace as shown in I'i??. :3. 
connects the upper header: 39 on the second 
bank of heating tubes with the lower header 
40 On the third bank of heating tubes. The 
succeeding banks of heating tubes are con 
nected in a similar manner by circulating 
connections 2s and 29. These circulating connections, as shown particularly in Fig. 5, re arranged entirely outside of the heating 
flute 30 in which the heating tubes are sit 
lated. These circulating connections, 26, 7, 28 and 29 are thoroughly lagged or 
heat insulated to prevelt heat loss. The 
bulk supply drum 1:5 and the circulating 
connections 17, 18 and 19, as well as the re. 
flux tower illustrated, are also, with advan tage, similarly lagged or heat insulated. 

In the oil heater illustrated, the several banks of heating tubes, the lower headers 
40 and 40', and the circulating connections 
26, 27.28 and 29 are all suspended from the 
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upper headers 39 and 39' which in turn are 
arried by supports 42 on the furnace set 
ting. Free expansion and contraction of 
the elements making up the heater with 
change in temperature is thus provided for. 
The vertical arrangement of the heating 
tubes further assists in eliminating any tend 
ency toward sagging of the heating tubes 
under operating conditions. By arranging 
all of the heating tubes in the several banks 
parallel to each other, as in the oil heater 
illustrated, it is also possible to use a gang cleaner. 
One form of circulating pump, or forcing 

means, particularly adapted for use in con 
junction with the apparatus of the inven 
tion is illustrated in Figs. 8 to 10. This 
pump, in so far as it is novel, is the inven 
tion of Thomas de Colon Tifft a resident of 
Chicago, county of Cook and State of Illi 
nois. This pump is of positive displace 
ment type adapted to maintain a high rate 
of circulation through the oil heater. 
In the pump illustrated in Figs. 8 to 10, 

a stream of oil is drawn in through connec 
tion 104, divided, and forced out through 
connections 105 and 106. The forcing means 
comprise a pair of driven members 102 and 
103 arranged in a closely fitting housing 
101. Each end of each driven member is provided with a helical flange intermeshing 
with and closely fitting a similar but oppo 
sitely arranged flange on the other driven 

of the helical flanges on op 
posite ends of the same driven member also 
being arranged in opposition. The driven 
members 102 and 103 are driven in opposite 

40 

directions and maintained in fixed relation 
by means of gears 107 and 108. In opera 
tion, successive increments of oil are forced 
from the central space in the housing 101 
between the pairs of intermeshing flanges 
at the opposite ends of the driven members 
to the opposite ends of the housing 101 by 
rotation, in opposite directions, of the driven 
members 102 and 103. From the end spaces 
in the housing, the oil is discharged through 
connections 105 and 106. 
The housing 101 is closed at its ends by 

plates 109 and 110 which are bolted between 
the housing 101 and end covers 111 and 112. 
The driven members 102 and 103 are ar 
ranged on shafts 113 and 114 which extend 
through bearings carried by the piates 109 
and 110 into the space between these places 
and the end cover's 111 and 112. These 
bearings fit the shafts 113 and 114 loosely 
enough to allow for such expansion as takes 
place under operating conditions. To pre 
vent the escape of hot oil from the interior 
(of the housing 101, oil is supplied to the spaces 
between the plates 109 and 110 and the end 
covers 111 and 112 through connections 115 
and 116 under pressure suficient to maintain 
an inflow of oil through the bearings along 

are steel forgings. 

line 45 to the condenser 46. 

5 

the shafts 113 and 114 into the interior of 
the housing 101. This inflow of oil prevents 
the escape of hot oil, and also assists in cool ing and lubricating th? bearings. Operat 
ing extensions of the shaft 113 extend 
through Stuffing boxes 117 and 118 for con 
nection to some suitable driving means, such 
as an electric motor or steam engine. These 
stuffing boxes also, as well as the gears 107 
and 108, are protected against the action 
of hot oil passing through the pump by the 
cool oil supplied to the spaces between the 
plates 109 and 110 and the end covers 111 and 112. 
In one advantageous form of construction, 

the driven members 102 and 103 are ma 
chined from iron castings, the shafts 113 
and 114 are of cold rolled steel, and the 
housing 101 and the end covers 111 and 112 

This construction pro vides forgreat safety as the entire pump 
mechanism is thus enclosed within a forged 
housing. The headers 39, 39, 40 and 40' in 
the oil heater illustrated may also with ad 
vantage be machined from unitary steel forgings. 
Referring again to the apparatus illus 

trated in Fig. 1, a reflux tower 43 is ar 
ranged above the bulk supply drum 15, va 
pors of the cracked oil pass from the bulk 
supply drum 15 through vapor line 44 to the 
lower end of the reflux tower 43, and vapors 
remaining uncondensed escape from the up 
per end of the reflux tower 43 through vapor 

The reflux 
tower 43 is provided interiorly with baffles 
and a connection 47 is arranged for supply 
ing fresh oil to the upper end of the re 
flux tower 43. The condenser 46 discharges 
into receiver 47 from which the condensed 
product is discharged through connections 
48 and gases and vapors remaining uncon 
densed through connection 49. The pres 
sure in the system may be maintained and 
regulated by means of valve 50 in the vapor 
line between the reflux tower and the con 
denser, or by means of suitable valves ar 
ranged beyond the condenser, for example 
in connections 4S and 49. Reflux condensate 
from the reflux tower 43, together with the 
unvaporized portion of fresh oil introduced 
through connection 47, is returned through 
connection 51 to the oil flowing through cir 
culating connection 17. A connection 52 is 
provicle for lischarging tar or pitch-laden 
oil from the tressure still during operation. 
A connection 5;} is provided for pumping 
out the still at the end of a run and for in 
itially charging the still at the beginning 
of a run. To provide for complete draining 
of the battery of heating. tubes, connection 
54 is arranged with separate valved connec 
tions to each of the lower headers 40 and 
40'. As illustrated in Fig. 5, these separate 
draining lines connecting to the lower head 
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tubes. unvaporized oil circulating in the pressure 25 

30 
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ers may open into each of the lower headers 
through the opening opposite the end tube 
in each bank of heating tubes. To permit 
removal of the connections when so made for 
cleaning, a flanged fitting is provided as 
shown at 55. Additional fresh oil, in ex 
cess of that supplied through connection 47 
and in excess of that supplied through con 
nections 115 and 116 for preventing the es 
cape of hot oil and for cooling and lubricat 
ing the pump bearings, may be supplied, 
during operation, through connections 115 
and 116 and forced into the pressure still 
through the pump bearings. 
The pressure still or pressure still system 

illustrated in Fig. 2, includes a bed 56 of 
finely divided solid material arranged in the 
bulk supply drum 15' below the normal 
liquid level therein and between the circu 
lating connections 19' from the battery of 
heating tubes to the bulk supply drum and 
the circulating connections 17 from the 
bulk supply drum to the battery of heating 

In this form of the invention, the 

still or pressure still system is passed 
through the bed of finely divided solid ma 
terial after each passage through the bat 
very of heating tubes and before it is recir 
culated through the battery of heating tubes. 
The bed may, for exa. ple, be made up of 
from four to seven tons of fuller's earth of 
15-30 mesh or of from two to five tons of 
coke ground to 15-30 mesh. This form of 
apparatus has the special advantage of pro 
viding for the maintenance of a high ratio 
between the average velocity through the 
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heating tubes and the average velocity 
through the bed of finely divided solid ma 
terial. Likewise, it provides for prolonged 
or more severe heating of the oil in passage 
through the battery of heating tubes be 
tween successive passes through the bed of 
finely divided solid material. In the ap 
paratus illustrated in Fig. 2, the same parts 
described in connection with the apparatus 
illustrated in lig. 1 are designated with the 
same reference characters. It will be noted 
that, in the apparatus illustrated in Fig. 2, 
the connection 52 for discharging tar or 
pitch-laden oil is arranged for discharge of 
oil from above the bed 56 of finely divided 
solid material. The bed of finely divided 
solid material may be supported on any suit 
able supporting means adapted to permit 
free passage of the oil and to retain the f''|''y * , finely divided solid material. This support, 
for example, may be made up of a number 
of screens of graduated fineness supported 
between perforated plates. 
As an example of operation of the pres 

sure still or pressure still system illustrated 
in Fig. 2, the still is charged with say 8,000 
gallons of cold gas oil, and this still charge 
gradually brought to the desired cracking 
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conditions of temperature and pressure. 
The pressure in the system may for ex 
ample, be maintained in the neighborhood 
of from 100 to 300 pounds per square inch, 
??? the temperature maintained at a corre 
sponding value. The temperature of the 
oil as it is discharged from the last bank of 
heating tubes in the heating furnace may be 
somewhat in excess of the temperature cor 
responding to the pressure at that point, 
that is the oil may be somewhat super heated as it is discharged from the battery 
of heating tubes. After the still is brought 
to operating conditions, fresh oil may be 
supplied through connection 47 to maintain 
the desired head temperature at the top of 
the reflux tower 43, and additional fresh 
oil may be supplied through connections 115 
and 116. The total amount of fresh oil so 
supplied may amount to as much as 1,500 
gallons to 2,500 gallons per hour or more. 
Likewise, during operation, as much as 500 
gallons to 1,500 gallons per hour or more of 
tar or pitch-laden oil may be discharged 
through connection 52'. The rate of circu 
lation through the circulating pump 20 may 
be maintained in the neighborhood of 4,000 
gallons per minute. The bed of finely di 
vided solid material is replaced with fresh 
or regenerated material when it becomes 
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saturated with pitchy or carbonaceous ma 
terial. 

It will be apparent that the improved oil 
heater of the invention has several advan 
tages for heating oil to a cracking temper 
ature independently of its particularly ad 
vantageous application in the combined 
pressure still or pressure still system of the 
invention. It is, for example, useful in con 
nection with so-called once through Opera 
tions in which the oil circulated through 
the oil heater and heated therein to a crack 
ing temperature comprises only fresh oil or 
fresh oil admixed with reflux condensate. 
The oil heater of the invention is, however, 
particularly advantageous in connection 
with pressure stills or pressure still systems 
in which unvaporized oil discharged from 
the heater is again recirculated there 
through. 

In one aspect, the present invention ill 
cludes or provides an improved method of 
heating hydrocarbon oils to a cracking ten 
perature in which the oil is circulated in 
a series of successive passes upwardly 
through a heating zone, downwardly out 
side of the heating Zone, upwardly through 
the heating Zone, and so on, so that the oil 
is heated only while circulating upwardly 
through the heating Zone, and the total 
stream of oil finally discharged from the 
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heating operation at a cracking tempera 
ture. In this operation, the direction of 
circulation of the oil in each of the succes 
sive passes through the heating zone is the 
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Sane, and the same relation is maintained 
between the flow of heating gases through 
the heating zone and the circulation of oil 
therethrough in each of the successive 
passes. In this aspect, the improved meth 
od also includes passing the heating gases 
through the heating Zone so that heat ex 
change between the heating gases and the 
oil occurs first between the heating gases and 
the oil on its first passage through the heat 
ing Zone, then between the heating gases 
and the oil on its second passage through 
the heating i z?ne, and so om; the mainte 
nance of generally counter-current relation 
between the flow of heating gases and the 
circulating oil by passing the heating gases 
through the heating Zone in a generally 
downward direction; and tempering of the heating gases passing through the heating 
Zone by recirculating through the heating 
Zone a portion of the escaping heating gases. 
This aspect of the invention, an improved 
method of heating oil to a cracking temper 
ature, is illustrated diagrainmatically in Fig. 12. 

I claim: 
1. In apparatus for cracking hydrocarbon 

oils, a bulk supply drum, a battery of heat 
ing tubes, and circulating connections be 
tween the bulk supply drum and the bat 
tery of heating tubes including a forcing 
means for circulating oil from the bulk sup 
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ply drum through the battery of heating 
tubes and back to the bulk supply drum, 
said battery of heating tubes being arranged 
in a heating flue and comprising a series of 
banks of vertically arranged heating tubes 
and connections between the upper ends of 
the banks of heating tubes, except the last, 
in such series and the lower ends of the suc 
cessive banks, the last mentioned connec 
tions being arranged externally of the heat 
ing flue in which the heating tubes are 
arranged. . 

2. In apparatus for cracking hydrocarbon 
oils, a bulk supply drum, a battery of heat 
ing tubes, al circulating connections be 
tween the billi lk stupply drum and the battery 
of heating tubes including a forcing nea is 
for circulating oil from the bulk supply 
(trum through the battery of heating tubes 
ani back to the b?ilk supply (drum, said bat 
tery of heating tibes being arranged in a 
lheating le a no con prising a series of 
banks of verti'ally arranged leating tubes 
and collections between the per ends of 
the banks of heating tibes, except the last, 
in sich series al the lower en els of the 
successive banks, the last mentioned collee 
tions being arranged externally of the.heat 
ing ?lue in which the heating tubes are ar 
ranged, the circulating connections from the 
bulk supply drum to the battery of heating 
tubes connecting with the lower end of the 
first bank of heating tubes in such series 
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and the circulating connections from the 
battery of heating tubes to the bulk supply 
drun) connecting with the upper end of the 
last bank of such series. . 

3. In apparatus for cracking hydrocarbon 
oils, a bulk supply drum, a battery of heat 
ing tubes, and circulating connections be 
tween the bulk supply drum and the battery 
of heating tubes including a forcing means 
for circulating oil from the bulk supply 
d'un through the battery of heating tubes 
and back to the bulk supply drum, said bat tery of heating tubes being arranged in a 
heating flue and comprising a series of 
banks of vertically arranged heating tubes 
and connections between the upper ends of 
the banks of heating tubes, except the last, 
in such series and the lower ends of the suc 
cessive banks, the last mentioned connec 
tions being arranged externally of the heat 
ing flue in which the heating tubes are ar'- 
ranged, the circulating connections from the 
bulk supply drum to the battery of heating 
tubes connecting with the lower end of the 
first bank of heating tubes in such series 
and the circulating connections from the 
battery of heating tubes to the bulk supply 
drum connecting with the upper end of the 
last bank of such series, the first bank of 
heating tubes in such series being arranged 
to contact first with heating gases passing 
through the heating flue in which the bat 
tery of heating tubes is arranged. 

4. In apparatus for cracking hydrocarbon 
oils, a bulk supply drum, a battery of heat 
ing tubes, and circulating connections be 
tween the bulk supply drum and the battery 
of heating tubes including a forcing means 
for circulating oil from the bulk supply 
drum through the battery of heating tubes 
and back to the bulk supply drum, Sail bat tery of heating tubes being arranged in a 
heating fue and comprising a series of 
banks of vertically arranged heating tubes 
and connections between the upper ends of 
the banks of heating tubes, except the last. 
in such series and the lower ends of the suc 
cessive banks, the last mentioned contes'- 

i tions, being ar ranged externally of the heat 
ing flue in which the heating tubes are : I'- 
ranged, a firebox communicating with the 
upper enel of said henting flue and a :tack 
fue communicating with the lower en of 
said heating flue. 

?5. Il apparattis for (''a''kvinge hyr ('; '! ( ) 
oils, a balk supply (lirtti, a b: {{{ery of leat - 
ing thes, anel cire lating connections be 
tween the bulk supply druin and the battery 
of heating tubes including a forcing means 
for circulating oil from the bulk supply 
drum through the battery of heating tubes 
and back to the bulk supply drum, said bat 
tery of heating tubes being arranged in a 
heating flue and comprising a series of banks 
of vertically arranged heating tubes and 
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connections between the upper ends of the 
banks of heating tubes, except the last, in 
such series and the lower ends of the suc 
cessive banks, the last mentioned connections being arranged externally 
flue in which the heating tubes are arranged, 
a firebox communicating with one end of 
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Said heating flue and a stack flue communi 
cating with the other end, and means for re 
circulating through the heating flue with 
fresh hot products of combustion from the 
firebox a portion of heating gases escaping 
from the heating flue in which the heating 
tubes arearranged. . . . 6. In apparatus for cracking hydrocarbon 
oils, a bulk supply drum, a battery of heat 
ing tubes, and circulating connections be 
tween the bulk supply drun and the bat tery of heating tubes including a forcing 
means for circulating oil from the bulk sup 
ply drum through the battery of heating 
tubes and back to the bulk supply drum 
said battery of heating tubes being arranged 
in a heating flue and comprising a series of 
banks of vertically arranged heating tubes 
and connections between the upper ends of 
the banks of heating tubes, except the last, 
in such series and the lower ends of the suc 
cessive banks, the last mentioned connections being arranged externally of the heating flue 
in which the heating tubes are arranged, 
each of said banks of heating tubes being ar 
ranged transversely to flow of heating gases 
through, said heating flue. 7. In apparatus for cracking hydrocarbon 
oils, a bulk supply drum, a bittery of heat 
ing tubes, and circulating connections be 
tween the bulk supply drum and the bat tery of heating tubes including a forcing 
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means for circulating oil from the bulk sup 
ply drum through the battery of heating 
tubes and back, to the bulk supply drum, 
said battery of heating tubes being arranged 
in a heating flue and comprising a series of 
banks of vertically arranged heating tubes 
and connections between the upper ends of 
the banks of heating tubes, except the last, 
in such series and the lower ends of the suc 
cessive banks, the last mentioned connections being arranged externally of the heating 
flue in which the heating tubes are arranged, 
and a bed of finely divided solid material 
arranged in the bulk supply drum below 
the normal liquid level therein and between 
the circulating connections from the battery 
of heating tubes to the bulk supply drum 
and from the bulk supply drum to the bat 
tery of heating tubes. 

8. In apparatus for cracking hydrocarbon 
oils, a bulk supply drum, a battery of heat 
ing tubes, and circulating connections be 
tween the bulk supply drum and the battery 
of heating tubes including a forcing means 
for circulating oil from the bulk supply 
drum through the battery of heating tubes 

of the heating 
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and back to the bulk supply drum, said 
battery of heating tubes being arranged in 
a heating flue and comprising a series of 
banks of vertically arranged heating tubes 
and connections between the upper ends of 
the banks of heating tubes, except the last, 
in such series, and the lower ends of the suc 
cessive banks, the last mentioned connec 
tions being arranged externally of the heat 
ing flue in which the heating tubes are ar 
ranged, and a bed of finely divided solid 
material arranged in the bulk supply drum 
below the normal liquid level therein and 
between the circulating connections from the 
battery of heating tubes to the bulk supply 
drum and from the bulk supply drum to the 
battery of heating tubes, the circulating con 
nections from the bulk supply drum to the 
battery of heating tubes connecting with the 
lower end of the first bank of heating tubes 
in such series and the circulating connec 
tions from the battery of heating tubes to 
the bulk supply drum connecting with the 
upper end of the last bank of such series. 

9. In apparatus for cracking hydrocarbon 
oils, a bulk supply drum, a battery of heat 
ing tubes, and circulating connections be 
tween the bulk supply drum and the battery 
of heating tubes including a forcing means 
for circulating oil from the bulk supply 
drum through the battery of heating tubes 
and back to the bulk supply drum, said bat 
tery of heating tubes being arranged in a 
heating flue ? comprising a series of banks 
of vertically arranged heating tubes and 
connections between the upper ends of the 
banks of heating tubes, except the last, in 
such series and the lower ends of the suc 
cessive banks, the last mentioned connections being arranged externally of the heating 
flue in whieh the heating tubes are arranged, 
and a bed of finely divided solid material 
arranged in the bulk supply drum below 
the normal liquid level therein and between 
the circulating connections from the battery 
of heating tubes to the bulk supply drum 
and from the bulk supply drum to the bat 
tery of heating tubes, the circulating con 
nections from the bulk supply drum to the battery of heating tubes connecting with the 
lower end of the first bank of heating tubes 
in such series and the circulating connections 
from the battery of heating tubes to the 
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bulk supply drum connecting with the upper 
end of the last bank of such series, the first 
bank of heating tubes in such series being 
arranged to contact first with heating gases 
passing through the heating flue in which 
the battery of heating tubes is arranged. 

10. In apparatus for cracking hydrocar 
bon oils, a bulk supply drum, a battery of heating tubes, and circulating connections. 
between the bulk supply drum and the bat 
tery of heating tubes including a forcing 
means for circulating oil from the bulk 
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supply drum through a battery of heatin 
tubes and back to the bulk supply drum, ? 
battery of heating tubes being arranged in 
a heating flue and comprising a series of 
banks of vertically arranged heating tubes 
and connections between the upper ends of 
the banks of heating tubes, except the last, 
in such series and the lower ends of the suc 
cessive banks, the last mentioned connec 
tions being arranged externally of the heat 
ing flue in which the heating tubes are ar 
ranged, and a bed of finely divided solid 
material arranged in the bulk supply drum 
below the normal liquid level therein and 
between the circulating connections from the 
battery of heating tubes to the bulk supply 
drum and from the bulk supply drum to 
the battery of heating tubes, a firebox com 
municating with the upper end of Said heat 
ing fue and a stack fue communicating 
with the lower end of said heating flue. 

11. In apparatus for cracking hydrocar 
bon oils, a bulk supply drum, a battery of 
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ply drum through the battery 

heating tubes, and circulating connections 
between the bulk supply drum and the bat 
tery of heating tubes including a forcing 
means for circulating oil from the bulk Sup 

of heating 
tubes and back to the bulk supply drum, 
said battery of heating tubes being arranged 
in a heating flue and comprising a series of 
banks of vertically arranged heating tubes 
and connections between the upper ends of 
the banks of heating tubes, except the last, 
in such series and the lower ends of the Suc 
cessive banks, the last mentioned connec 
tions being arranged externally of the heat 
ing flue in which the heating tubes are ar 
ranged, and a bed of finely divided solid ma 
terial arranged in the bulk Supply drum be 
low the normal liquid level therein and 
between the circulating connections from the 
battery of heating tubes to the bulk supply 
drum and from the bulk supply drum to the 
battery of heating tubes, a firebox communit 
cating with one end of said heating flue and 
a stack flue communicating with the other 
end, and means for recirculating through 
the heating flue with fresh hot products of 
combustion from the firebox a portion of 
heating gases escaping from the heating flue 
in which the heating tubes are arranged. 

12. In apparatus for cracking hydrocar 
bon oils, a bulk supply drum, a battery of 
heating tubes, and circulating connections 
between the bulk supply drum and the bat 
tery of heating tubes including a forcing 
means for circulating oil from the bulk sup 

of heating 
tubes and back to the bulk supply drum, 
said battery of heating tubes being ar 
ranged in a heating flue and comprising a 
series of banks of vertically arranged heat 
ing tubes and connections between the up 
per ends of the banks of heating tubes, ex 

cept the last, in such series and the lower 
ends of the successive banks, the last men 
tioned connections being arranged exter 
nally of the heating flue in which the heat 
ing tubes are arranged, and a bed of finely 
divided solid material arranged in the bulk 
supply drum below the normal liquid level 
therein and between the circulating connec 
tions from the battery of heating tubes to 
the bulk supply drum and from the bulk 
supply drum to the battery of heating tubes, 
each of said banks of heating tubes being 
arranged transversely to flow of heating 
gases through said heating flue. 

13. In apparatus for cracking hydrocar 
bon oils, an improved oil heater comprising 
a furnace having a heating flue and a bat 
tery of heating tubes arranged in and ex 
tending transversely through said heating 
flue, said battery of heating tubes compris 
ing a closed series of banks of vertically 
arranged heating tubes and direct connec 

etween the upper ends of the banks tions 
of heating tubes, except the last, in such 
series and the lower ends of the successive 
banks, the said connections being arranged 
externally of the heating flue in which the 
heating tubes are arranged. 

14. In apparatus for cracking hydrocar 
bon oils, an improved oil heater comprising 
a furnace having a heating flue and a bat 
tery of heating tubes arranged in and ex 
tending transversely through said heating 
flue, said battery of heating tubes compris 
ing a closed series of banks of vertically ar 
ranged heating tubes and direct connections 
between the upper ends of the banks of heat 
ing tubes, except the last, in such series and 
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the lower ends of the successive banks, the 
said connections being arranged externally 
of the heating flue in which the heating 
tubes are arranged, Supply connections con 
necting with the lower end of the first bank 
of heating tubes in such series, and discharge 
connections connecting with the upper end 
of the last bank of heating tubes in such 
series. 

15. In apparatus for cracking hydrocar 
bon oils, an improved oil heater comprising 
a furnace having a heating flue and a bat 
tery of heating tubes arranged in and ex 
tending transversely through said heating 
flue, said battery of heating tubes compris. 
ing a closed series of banks of vertically ar 
ranged heating tubes and direct connections 
between the upper ends of the banks of 
heating tubes, except the last, in such series 
and the lower ends of the successive banks, 
the said connections being arranged exter 
nally of the heating flue in which the heat 
ing tubes are arranged, a firebox communi 
cating with the upper end of said heating 
flue and a stack flue communicating with 
the lower end of said heating flue. 

16. In apparatus for cracking hydrocar 
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1o 
bon oils, an improved oil heater comprising 
a furnace having a heating flue and a bat 
tery of heating tubes arranged in and ex 
tending transversely through said heating 
ing a closed series of banks of vertically ar 
ranged heating tubes and direct connections 
between the upper ends of the banks of heat 
ing tubes, except the last, in such series and 

20 the lower ends of the successive banks, the 
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said connections being arranged externally 
of the heating flue in which the heating . 
tubes are arranged, a firebox communicating 
with one end 6f said heating flue and a 
end, and means for recirculating through 
the heating flue with fresh hot products of 
combustion from the firebox a portion of heating gases escaping from the heating flue 
in which the heating tubes are arranged. 

17. In apparatus for cracking hydrocar 
bon oils, an improved oil heater comprising 
a furnace having a heating flue and a battery 
of heating tubes, arranged in and extending 
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transversely through said heating flue, sai 
battery of heating tubes comprising a closed 
series of banks of vertically arraliged heat 
ing tubes and direct connections between 
the upper ends of the banks of heating tubes, 
except the last, in such series and the lower 
ends of the successive banks, the said con 
nections being arranged externally of the 

35 

heating flue in which the heating tubes are 
arranged, supply connections connecting 
with the iowe† end of the first bank of heat 
ing tubes in such series, the first bank of 
heating tubes in such series being arranged 
to contact first with heating gases passing 
through the heating flue in said furnace. , 
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18. In apparatus for cracking hydrocar 
bon oils, an improved oil heater comprising 
a furnace having a heating flue and a battery 
of heating tubes arranged in and extending 
through said heating flue, said battery of 
heating tubes comprising a closed series of 
banks of vertically arranged heating tubes 
and direct connections between the upper 
ends of the banks of heating tubes, except 
the last, in such series and the lower ends 
of the successive banks, the said connections 
being arranged éxternaily of the heating flue 
in which the heating tubes are arranged, 
each of said banks of heating tubes being 
arranged transversely to flow of heating 
gases through said heating flue. 

19. A method of heating hydrocarbon 
oils to a cracking temperature, which com 
prises supplying a stream of the oil to the 
heating operation, circulating this stream of 
oil upwardly through a heating zone, then 
downwardly outside of said heating zone, 
then upwardly through said heating zone, 
and so in a plurality of successive passes 
through said heating zone in the heating 
operation, heating the stream of oil to a 

flue, said battery of heating tubes compris 

stack fue communicating with the other 

heating gases being passed throug 
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cracking temperature in said heating zone 
by indirect heat exchange with heating 
gases passed transversely to the several paths 
of said stream of oil through the heating 
Zone, heat being transferred to said stream of oil only while circulating upwardly 
through said heating Zone, and discharging 
the total stream of oil from the heating op 
eration after the several successive passes 
through said heating zone and at a cracking 
temperature. 20. A method of heating hydrocarbon oils 
to a cracking temperature, which comprises 
supplying a stream of the oil to the heating 
operation, circulating this stream of oil in 
a succession of passes through a heating 
zone, the direction of circulation of the oil 
in each of the successive passes through said 
heating zone being the same, heating the 
stream of oil to a cracking temperature in 
said heating zone by indirect heat exchange 
with heating gases passed transversely to 
the several paths of . said stream of oil 
through the heating Zone, and discharging 
the total stream of. oil from the heating 
operation after the succession of passes 
through said heating zone and at a cracking 
temperature. - 

21. A method of heating hydrocarbon oils 
to a cracking temperature, which comprises 
supplying a stream of the oil to the heating 
operation, circulating this stream of oil in 
a succession of passes through a heating 
zone, the direction of circulation of the oil 
in each of the successive passes through said 
heating Zone being the same, heating the 
stream of oil to a cracking temperature in 
said heating Zone by indirect heat exchange with heating gases passed therethrough, s 
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heating zone generally countercurrent to the 
circulation of the oil therethrough and 
transversely to the several paths of said 
stream of oil through the heating zone, and 
discharging the total stream of oil from 
the heating operation after the succession 
of passes through said heating zone and at 
a cracking temperature. 

22. A method of heating hydrocarbon oils 
to a cracking temperature, which comprises 
supplying a stream of the oil to the heating 
operation, circulating this stream of oil up 
wardly through a heating zone, then down 
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Wardly outside of said heating zone, then 
upwardly through said heating zone, and so 
on in a plurality of successive passes 
through said heating zone in the heating 
operation, passing heating gases trans 
versely to the several paths of said stream 
of oil through the heating zone first in 
indirect heat exchanging relation with the 
oil, stream on its first pass through said 
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heating Zone, then in indirect heat ex 
changing relation with the oil stream on its 
Second pass through said heating zone, and 130 
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so on, and thereby heating the stream of oil 
to a cracking temperature in said heating 
zone, heat being transferred to said stream 
of oil only while circulating upwardly 
through said heating Zone, and discharging. 
the total stream of oil from the heating 
operation after the several successive passes 
through said heating Zone and at a cracking 
temperature. - 

23. A method of heating hydrocarbon oils 
to a cracking temperature, which comprises 
supplying a stream of the oil to the heating 
operation, circulating this stream of oil up 
wardly through a heating zone, then down 
Wardly outside of said heating Zone, then 
upwardly through said heating Zone, and 
so on in a plurality of successive passes 
through said heating Zone in the heating 
operation, passing heating gases, downward 
ly through said heating zone and trans 
versely to the several paths of said stream 
of oil through the heating zone in indirect 
heat exchanging relation with the oil circu 
lating therethrough and thereby heating the 
stream of oil to a cracking temperature in 
said heating zone, heat being transferred to 
said stream of oil only while circulating 
upwardly through said heating Zone, and 
discharging the total stream of oil from the 
heating operation after the several succes 
sive passes through said heating Zone and 
at a cracking temperature. 

24. A method of heating hydrocarbon oils 
to a cracking temperature, which comprises 
Supplying a stream of the oil to the heating 
operation, circulating this stream of oil up 

tubes and connections between the upper 

wardly through a heating Zone, then down 
wardly outside of said heating zone, then 
upwardly through said heating Zone, and 
so on in a plurality of successive passes 
through said heating zone in the heating 
operation, passing heating gases downward 
ly through Said heating Zone and trans 
versely to the several paths of said stream 
of oil through the heating Zone in indirect 
heat exchanging relation with the oil cir 
culating therethrough and thereby heating 
the stream of oil to a cracking temperature 
in said heating Zone, recirculating through 
said heating Zone a portion of the heating 
gases escaping therefrom, heat being trans 
ferred to said stream of oil only while circu 
lating upwardly through said heating Zone, 
and discharging the total stream of oil from. 
the heating operation after the several suc 
cessive passes through said heating Zone 
and at a cracking temperature. 

25. In apparatus for cracking hydro 
carbon oils, an improved oil heater compris 
ing a furnace having a heating flue and a 
battery of heating tubes arranged in and 
extending through said heating flue, said 
battery of heating tubes comprising a series 
of banks of vertically, arranged heating 

ends of the banks of heating tubes, except 
the last, in such series and the lower ends 
of the successive banks, the said connections being arranged externally of the heating 
flue in which the heating tubes are arranged, 
each of the said connections having a cross 
Sectional area less than the aggregate cross 
sectional area of the preceding bank of heating tubes. 
In testimony whereof, I have subscribed 

my name. 
HARRY L. PELZER. 
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