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HYDRO GEN DONOR DILUENT CRACKING
PRO CESS

Arthur W. Langer, Jr., leon, NJ., asmgnor to Esso
‘Research and Engineering Company, a cerperatmn
of Delaware | |

Filed Mar. 5, 1956 Ser, Nﬂ. 569,410
15 Claims. (Cl. 208—56)

This invention relates to the conversion of heavy hy-
drocarbon oils using an improved hydrogen donor diluent.
It is more particularly concerned with a method of si-
multancously cracking and hydrogenating heavy oils by
using a select high-boiling hydrocarbon fraction that dis-
plays hydrogen denor propemes upon partial hydrogena-
tion..

This application is a continuation-in-part of “Upgrad-
ing of Heavy Hydrocarbon Oils,” Serial No. 365,335,

filed July 1, 1953, by the present mventer, now aban-

doned.

It is known by the art to upgrade hydrogen deﬁment
oils, such as vacuum residua and asphalts, to more valu-
able liquid distillates by thermally cracking in liquid
phase the hydrogen deficient material in admixture with
a hydrogen donor diluent. The hydmgen donor diluent

‘is a material, arematlc-naphthemc in nature, that has the

ability to take up hydrogen in a hydrogenation zone and
to readily release it to a hydrogen deficient oil in a
thermal cracking zone. One of the principal advantages

ess is that it can convert heavy oils, not amenable to
other conversion processes, at high conversions in the
absence of a catalyst and with the formation of little, if
any, coke. The gas oils obtained by this process are

particularly amenable to further cenversmn such as by |

catalytic cracking.

With the exception of {emperature, eonventlenal hy-
drogen donor diluent cracking conditions are used in the
practice of this invention. These include a diluent/feed

rate in the range of 0.1 to 15 v./v./hr. (or residence
time of 0.25 to 5 hrs.), and a pressure in the range
of 0 to 1000 p.s.i., preferably a pressure sufficient to
maintam, liquid phase conditions. The tempemtutre duir-
ing erackmg is discussed infra.

It is believed that the hydrogen donor diluent func-
tions by conveying loosely held hydrogen into the crack-

ing zone, and that this hydrogen is taken up by the pyro-

lytic products or molecular fragments obtained by the
thermal erackmg of the acceptor oil.
eration, it is desirable to recover the diluent, as by frac-
tionation, from the thermal cracking zone effluent, to
rehydrogenate it, and return it to repeat the cycle. It 1s
often necessary in such recycle operations, because of

imperfect fractionation and because of diluent loss by

cracking, to supply from an extraneous source a hydro-
carbon fraction containing a high proportion of hydre-

~gen donor or aromatic-naphthenic molecules.

In continuous op-
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rtwely low boiling, pure, and expensive compounds such
as naphthalene, tetralin, decalin, anthracene, and the

like. Because of their expense and because of other dif-
ficulties inherent in-the use of low-boiling diluents, the

hydrogen donor diluent cracking (HDDC) process has

not heretofore been considered practical.

It has now been discovered that a superior ﬂ:lydregen
donor diluent for upgrading heavy oils can be obtained
from certain select low: value, normally surplusage, high
boiling refinery streams. More particularly, it has been
found that certain distillate thermal tars, more fully de-
scribed below, boiling above 700° F.,, Wlll upon partial

thydrogenation, produce an excellent hydregen donor

diluent material. It is surprising that such impure, re-
fractory and low value thermal tars yield a material

‘that serves as a hydrogen donor and in fact, display

superiority over previously proposed hydrogen donors.
The thermal tar hydrogen donor diluents of this inven-
tion achieve better hydregen utilization and result 111 un-
expected increases in yields and selectivities,

- Broadly, the hydrogen donor diluent precursor used
in this invention is a distillate material derived from:
bydrocarbon fractions that have been substantially

.cracked, either thermally or catalytically, and are, there-

fore, highly aromatic and refractory. Preferred precur-

- SOr m&tenals have a boiling range within the limits of

700 to 1100° F., and an A.P.I. gravity below 20°. Es-
pecially preferred however, are thermal tars obtained

by extensive thermal cracking of high boiling surplusage
‘refinery streams.

By thermal tars, as used in the specification and claims,

is. meant the product having the above-described charac-

~ teristics obtained by thermally cracking at a temperature
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of the hydrogen donor diluent cracking (HDDC)  proc-. 35

ratio in the range of 0.1 to 5 vol./vol., a combined feed 49

like:
“have an aromatic ring content above 40 wi. percent in the

700° F
| amma-tie ring content be above 50 wt. percent.

in the range of 800 to 1600° F., a pressure in the range

of 0 to. 10600 p.s.i., and at a 430° F.—conversion above

20 wt. percent, normally surplusage, low value, high
boiling refinery materials including: clarified oils and

cycle stocks boiling above 900° F. and including residual
fractions obtained by the catalyst cracking of gas oils;
solvent extracts obtained during the processing of lube

oil stocks; asphalt precipitates obtained from deasphalt-
- ing operations; high boiling bottoms or residua obtained

during vacuum distillation of petroleum oils; aromatic
extracts obtained by the treatment of distillates or residua
as with furfural, sulfur dioxide, phenol, dichioroethyl
ethery 1heavy fractions from coking operations; and the
It is 1mpertant that the precursor thermal tars

 -fraction, and it is especially preferred that the

1t has been found, contrary to indications in the prior
art, that there is an optimum level of partial hydregene—

'-tlen of the hydrogen donor diluents that results in the

greatest and most efficient utilization of the diluent.

Y Fully condensed structures (aromatics) are ineffective as

hydrogen donors. Completely hydrogenated condensed

‘Ting molecules such as a decahydronaphthalene, while
‘perhaps transferring some hydrogen, transfer only a neg-

ligible amount.
‘one or more aromatic nuclei giving instability to the

It is the arematlc—naphthenes having

molecule, which serve as superior hydrogen donors. By

‘partial hydrogenation is meant an extent of hydrogena-

'tion sufficient to introduce on the average one to three

Hydrogen deners proposed by the art have been rela- 65 hydmgen moleeules nto the eroma.tie-mph;heme donor
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molecule, while leaving one or more rings mhydmgen-
ated, This results in a diluent having a hydrogen to car-
bon atomic ratio in the range of 0.7 to 1.6.

The select hydrogen donor diluent of this invention,
besides being considerably cheaper than prior art dil-
uents, has several surprising advantages. Because it iS
high boiling, a substantially lower operating pressure can
be used to maintain liquid phase conditions. Xt solubi-
lizes better with the heavy, usually viscous, oils being
upgraded such that the oil molecules and the donor mole-
cules are in intimate contact and greater efficiency is ob-
tained. Prior art donor diluents such as tetralin are much
‘less efficient despite having more available hydrogen per
weight, The heavy thermal tar diluent of this invention
customarily transfers substantially all of the hydrogen
introduced into it in the hydrogenation stage and little,
if any, free hydrogen appears in the products as is cus-
tomary when using a tetralin diluent.

These and otbher innate characteristics of the hydrogen
donor diluent of this invention result in a superior heavy
oll hydrogen donor diluent cracking process that obtains
improved and unexpected results.

The hydrogen donor diluent cracking process is cus-
tomarily used for the substantially complete conversion
or reduction of residual oils that contain catalyst con-
taminating constituents, such as coke formers and metal
salts. It can well be used in milder types of conversion
process such as vis-breaking to reduce a refinery’s produc-
tion of residual fuel by preventing formation of severity
limiting M.N.I. or H.F.S. content, or to increase the
pumpability of extremely heavy crudes or fractions there-
from. The hydrogen donor diluent cracking process also
can be used to destroy carcinogenic stocks such as highly
aromatic catalytic cracking cycle stocks and the like.
It has good potential in obtaining further distillate ma-
terials from asphalts and tars and for increasing the pro-

duction of lube oils by converting the solvent extracts

normally obtained during lube oil processing.

In light of the above, the heavy oil feed stocks Wthh
are charged to the process of this invention include:
petroleum residua containing constituents non-vaporiz-
able without cracking, and usually containing deleterious
catalyst contaminating compounds; extracts, asphalts,
tars, shale oils, whole crudes, synthetic heavy oils, and
the like.
diluent cracking process is in the conversion of heavy
oils not amenable to other means of upgrading and char-
acterized by a Conradson carbon content above 15, a boil-
ing point above 900° F., a gravity in the range of —35
to 20° A.P.L, and a sulfur content above 3 wt. percent.

In brief compass, this invention proposes a conversion
process wherein a heavy hydrogen deficient oil is ad-
mixed with an improved hydrogen donor diluent and sub-
jected to conditions of non-catalytic, liquid phase hydro-

gen donor diluent cracking in the absence of extraneous .

free hydrogen. The improved diluent of this invention
comprises a distillate material boiling above 700° F.
which has been partially hydrogenated to have a hydro-
gen-carbon ratio in the range of 0.7 to 1.6 and contains
predominate proportions of polycyclic aromatic-naph-
thenes having at least one aromatic ring. The preferred
distillate donor precursor is a thermal tar obtained by

the extensive thermal cracking of surplusage high boiling
refinery streams.

The following description of the drawings and ex- |

amples will serve to make this invention clear.

In the drawings, Figure 1 depicts schematically a sim-
phﬁed embodiment of the hydrogen donor diluent crack-
ing process of this invention.

Figure 2 illustrates an alternative embodiment involv-
Img two conversion stages.

Referring now to Figure 1, a viscous hydrocarbon oil
feed, typified by a 16% West Texas residuum, is sup-

plied by a line 11 to a vacuum tower 13 where if is.

vacuum stripped to remove any available gas oil, The

The most beneficial use of the hydrogen donor
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feed is blended w1th a recycled bottoms fraction supplied
through line 15, explained below, and both are subjected
fo the vacuum stripping. The gas o1l is taken off through
a line 16.

The stripped mixture then passes from tower 13 through
a line 17 where it is mixed with 0.1 fo 5, preferably 0.25
to 4 volumes of a high boiling hydrogen donor diluent
per volume of stripped material supplied by line 18.
The mixture is then passed through a heating coil 19
and a soaker 21 where it is subjected to conditions of
hydrogen donor diluent cracking.

Make up thermal tar, the hydrogen donor diluent pre-
cursor, preferably a thermal tar fraction boiling between
about 700 and 900° F. and compnsmg predominate pro-
portions of ammatic-naphthenes, is 8upp1ied if necessary
through a line 23 joining line 17, prior to the thermal

cracking step, although it can be admltted elsewhere to

the process if desired.

The cracked mixture from the soaker 21 is led through
line 25 to an atmospheric distillation column 27 where it
is fractionated to obtain dry gases (C,; or C, and lower
plus hydrogen) from the top through line 29, a C; to
430° F. (gasoline) cut through line 31, a 430 to 700° F.
gas oil through line 33, and a 700 to 900° F. fraction
through line 35." The latter is passed to a hydrogenation
zone 37, with hydrogen being supplied to the zone through
line 39. A portion of this fraction may be purged from
a line 41 to prevent undue build-up
of impurities or objectionable ingredients which do not
contribute to the hydrogen donor diluent function.

The 900° F.-}-bottoms from tower 27 are recycled
through line 43 which connects with line 15, as men-
tioned above. A portion of these bottoms may be purged

through a line 45 to prevent undue build-up of ash form-

ing and other objectionable materials.

The 700-900° F. fraction is hydrogenated using con-
ventional conditions by introducing about 200 to 1000
cubic feet of hydrogen per barrel of the fraction, and
passing the mixture over a suitable hydrogenation catalyst.
Because most such fractions contain appreciable quanti-
ties of sulfur, it is usually preferable to employ a rela-
tively sulfur-insensitive catalyst, such as molybdenum sul-
fide or a tungsten nickel sulfide, as is well known in the
art. '‘Conventional hydrogenation pressures, e.g. 100 to
1000 p.s.i.g. or more, may be used. The conditions, in
any case, should be so chosen that the diluent is only
partially hydrogenated. It should pick up enough easily

“removable hydrogen to be effective as a donor, but not

enough to approach saturation or to convert it substan-
tially to naphthenes. With a 700 to 900° F. thermal tar
of average effective molecular weight around 300, hydro-
gen consumption may run from about 200 to 800
standard cubic feet per barrel (s.c.f./bbl.). The hydro-
genated diluent is returned through line 18.

EXAMPLE 1

In a typical operation, using the above system on a

- 12.9 West Texas residuum, the following results were ob-

tained, using a 1 to 1 feed/diluent ratio:

fluid catalytic process.

Table 1
Partially
Thermal Hydro-
Diluent . e ecaae None Tar genated
| Thermal
Tar
Peed rate, vV B | 3.0 | 2.0 - 2.02
Temperature, ° F______ SR 8201 - -840 840
Conversion, on residuum (Vol. "
percent to 1000° F,—plus coke)__ 30 23 57.4
Coke vield, percent by wt. oo __ 2.5 2.0 0.1

L

The thermal tar was a 7 00—900° F. fraction obtained
from the thermal cracking of clarified oil from a gas oil
It had-the following inspections

o
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added through line 73.
covered and recycled by -line 75.
diluent is then passed through line 7 6 to split into two
streams in lines 52 and 70 respeetwely, to supply the

- 9,958,513 __

before hydrogefiation: Sulfur—1.79 wt. pereent, “H/C

atomic ratio—1.11, gravity—3.6° API, and Conradson

carbon content—~0.437 wt. percent. 525 s.c.f./bbl. of hy-
drogen was introduced into the tar to obtain the diluent.

Table I illustrates the surprisingly high conversion ob- :

tainable by the hydrogen donor diluent process of this
invention as compared to conventional thermal cracking
or cracking with only a true diluent. It illustrates the

“essentiality of partially hydrogenating the thermal tar.

The temperature used-during hydrogen donor diluent

critical. It has been found,-at- least with the heavy

“diluents here used, that the conversion obtained increases
linearly with the temperature -of--cracking;-and this ap-
pears to be independent of the diluent/oil ratio. Tt has

also been found, however; that the modified naphtha

‘insolubles (M.N.L.—indicative of the coking propensny
~of the oil) on total liquid product mcrease t0 & maximum

and then decrease as conversion increases. The amount
of M.N.L increase at a glven conversion mereased w1th

the temperature of conversion.
~ The conclusions from these observatwns were that at
temperatures below about 800° F., the rate of thermal

cracking of the oil is faster than. the rate of hydrogen
donation to the molecular fragments of cracking, which
is undesirable; and at _temperatures “above about 925-
940° 'F., the amount of M.N.L. increase was so. great as
fo result in excessive coking, causing meperabﬂ1ty ‘For
these reasons, the operating temperatures used in this

invention are in the range of 800 to 925° F., at least not

above 940° ., and preferably 800 to 900° F |
Referring now to Figure 2, a multi-stage operatmn is
disclosed. Feed enters cracking unit 50 by line 51 and
diluent by line 52. The mixed feeds are heated pref-
erably to about 800 to 900° F., and the thermal cracking
products pass out through llne 53 to combine with a
recycle in line 54 and enter disengager 55 from which

-C3 and lighter gases pass overhead ‘through line 56.

The other cracked products pass through line 5’7 te
fractionator 58 from which Cyand lighter gases are taken
off at 59 and other indicated products at 60, 61, 62 and
63. The 700° F.

B 40 and 60% in the ﬁrst stage.”

30

35

40

bottoms pass to vacuum still 64 and
are separated into a 700 to 900° F. fraction taken off

through line 65 to serve as diluent, a heavy gas oil frac-

tion through line 66 and a bottoms fraction through line
67. A portion of the bottoms .may. be bled .off through

line 68, the remainder being passed to second stage

therma.l crackmg 69, after blending -with diluent from line
70, and is again subjected to HDDC. The total products

" of second stage cracking pass through -line 54 to the

disengager 55, fractionator 58 and vacuum still 64, mak-
ing duplication of these parts unnecessary. They can,
of course, be duplicated for the second stage, if desired.

45

tetralin was obtained cemmerc:lally

heated reactor.
‘charged to the reactor at a rate of 1.7 v./v./hr. The
‘9o -temperature was 820-850° F. and the pressure was about -
~ -1000 p.s.i. for the thermal tars, while a pressure of 2000
p.s.i. was necessary -to maintain liquid phase conditions

- with tetralm
~when necessary to the conversion level indicated.
25 .
ing the following inspections: Gravity—7.5° A.P.L, sul-
fur—3.32 wt. percent, H/C ratio—1.51, and Cenradson-

' The reason for this is
that the primary purpose of the first cracking stage is to

‘reduce the concentration of paraﬁme eonstltuents m the
_eraekmg rmmture -

In Table 1I the hydregenated thermal tar dlluent is

compared to lower. boﬂmg diluents. ‘The 700-900° F.

1o diluent of this jnvention-is-the same- as that described for

_-eraekmg has been found %o be very important, if not

Table I. The 600-700° F. diluent is from the same source
as the 700-900° F., but was hydrogenated to a some-

-what greater extent as indicated by the available hydro-
- gen,

Before hydrogenation, the 600-700 fraction had

an H/C ratio of 1.21 and a gravity of 7. 6° API The
The equipment used

for these eomparatwe tests comprised a 934 cc. externally
The combined feed was continuously

The data were correlated and. ad]usted

‘The feed stock was a 12. 9% West Texas residuum hav-

carbon centent——z 4 wt. percent

| _--Table II |
Diluent . e —————— Tatralin l Tar Tar (This
| | P | invention)
Residuum}diluent ................ .21 -1t 1/1
Diluent Boiling Range, ®° ¥ o ljiciaomooo-a-]  600-700 1  700-900
Cu. Ft. Avallable Hzﬁ)bl resid— T y : -
SR V15 § ¢« DR AU - 2631 426 | - 265
Conversion on residuum, (Vol. b o - S
. percent to 1000° F, -—plus coke). 57.4 - 43.6 ~ §7.4
"Coke vield (wt. percentonresid-{| =~ - b -
BRI 71141 SOOI E I ApRrror INUEIY 8 ' B B 031 01

g - ]
L o

Several interesting things are illustrated by Table II.
When compared at the same available hydrogen and con-
version levels to relatively pure compounds such as tetra-
lin as proposed by the prior art, the yield of coke was

appreerably lessened. When compared to a lower boil-

o ing fraction from the same source as the preferred diluent,

50 _
conversion and decrease in coke yield was obtained, de-

using the same diluent/oil ratio, a surprising increase in

~'spite the fact that substantially more hydrogen was made

The diluent preferably boiling at 700 to 900° F. is

-passed through line 65 to a hydrogenation zone 71, a

portion being bled off through line 72 when deSIred
Extraneous thermal tar of similar boﬂmg range may be

separate stages.
In. the feed to the second: stage, 69, it is prefera,ble

to use more diluent than in the first stage.

to 925° F. The feed rate may be 0.5 to 3.0 v./v./hr. and

a conversion level
be obtained for each pass.

Hydrogen is added at 74, re-
The hydrogenated
60

" transfer of the diluent of this invention as shown by the.

of 50 to 80% on the bottoms may
In the first stage 35 a tem-

perature around 820° F. with feed rates of 1.5 to 5.0 70

55
- known 111 the art. -

_ The ratio of
“bottoms to diluent is preferably between. 0.5 and 4.0.
The temperature is preferably somewhat hlgher, e.g. 850

v./v./hr. and pressure of 200 to 1000 p.si.g. has been

With a. one . to one
a conversmn of

found very satisfactory in tests.
diluent ratio- under these eondluens

preferred to keep the conversion level between ab out

“abouf 45% is obtained.. In this multi-stage process it is .

75

available by the 600-700 tar. Table II clearly demon-

strates the greater hydrogen transfer efficiency and supe-
riority of the donor d}luent OVer the lower bmlmg dlluents

EXAMPLE 3

“Table IIT ﬂhistrates 'the greater eﬁiereﬁey of ﬁydregen

ethane/ethylene ratio in the preduet gases. The conver-

‘sion was carried out continuously in an externally heated
65
_5 propane deasphalting operatmn having. the following in-

. spections:
- gravity-—0.7° A.P.L,

coil. The feed stock was an: asphalt obtained . fmm a

Sulfur-—4.03 wt. percent, H/C ratio 1.32,
Conradson carbon—29.4 wt. per-

cent, softening pomt—-—-l 89° F., and Modified Naphtha

'Insolubles (M.N.I1.)—17.9 wt. percent. The diluents were

again thermal tars derived from: clarified oils, having the

inspections after hydrogenation, given in Table III. The
-runs were compared on the basis of the same wi. percent
‘of Ho from the donor available on combined (asphalt

plus donor) feed and at the same dﬂuent/ asphalt ratio,
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Table III
Diluent boiling range, © Fo o e 500-600 700-900.
Diluent inspections, after hydrogenetion
Carbon, wt. percent_ o o e e 87.96 80. 24
H/O ratio. o e e 1. 56 1.25
LGravity, ® AR el 24.7 .~ 8.0
"Conradson carbon, wt. percent.......eoe.. | [P _— - 0.08
eTempereture 25 O B 870 . 862
-Pressure; p.s.i. D ecccacie e acencacamcenaee) 400 370
Combined feed rate, v Jv. {hr_..-__-'..'_........__-_.,.'._.;... 3. 80 3.78
“Diluent/asphalt . o e e L i1 1/1
. Wt. percent avaflable Hj, on combined feed..-{ 0.316 0.316
Comrersion on asphalt, vol. percent to o B
= 0007 B = e e e am—————— 48 4 . 55.2
-Produets | . | | o
- Wt. percent Osz-.......'.,-.‘.‘.';....-...‘......'.._--.'.-.... - 0.381 0. 406
Wi, percent CoHu .o e ecaciom 0.0137 0. 00078 -
- Wt, percent Sulfur In 10{]0" ) O 4,53 - 3.37
W percent Hao o e 0.0177 0. 0134
~ HFS in tot. liq. prod., wt. percent ________ 0. 075 0. 04
GﬂHﬂ/OEHi-.............,........_....-T...__ ____________________ 28 620

A ——

-~ Table IIT illustrates that the high boiling hydrogen
donors of this invention display an unexpected -ability
‘to transfer hydrogen as shown by the great decrease in
unsaturates in the products. Note also that with the
700-900- diluent, less free hydrogen appears in the prod-
‘ucts and better sulfur removal is obtained. Also the hot
filtration sediment (HFS) is substantially lower. In vis-
‘breaking operations, HFS is usually the limitation that
sets conversion or severity. Any decrease, even slight,
in HFS results in appreciable economic gain. Decreas-
ing HFS means higher conversions can be obtained dur-
ing vis-breaking, without resorting to the use of high
‘quality flux or cut back material to meet HFS spectfica-
tions. |

EXAMPLE 4

A comparative test similar to Example 3 was made,
except a different feed stock was used. The feed stock
was a 12.9% West Texas residuum, previously described.
A coil arrangement was again used, except for the first
column, where the cracking was carried out in a small
drum, described in Example 1.
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rapidly with i mereasmg conversion during cracking so that
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~ Table 1V
Diluent Boiling Range, °F___| Tetralin | 430/650 { 430/650 | 700/S00
Diluent inspections, after -
- hydrogenatmn i -
- - Carbon, wt. percent. _ . ]. ool R8. 25 88.25 80. 24
H/C rotlo__..-_-_____-_-_.__ __________ 1.55 1.55 1.25
 Qravity, CAL P T | 22.8 22, 8 8.0

Oonrs.dson Carbon, wt.

[ 1= ¢/ -1 | /RPN L U RO FEUPPRUIs G.08
Temperature, °¥ ... 835 860 . 853 - 820
Pressure, P8 i cmiee 2060 400 380 400
Oombmed feed rate, v./v. /hr_ 1.74 4.15 3. 59 1. 87
Dﬂuent!reslduum-_-___._. ______ 1/1 11 2/1
'Wt. percent available Hz, on -

combined feed. ... 1. 53 0.515 (0. 344 0. 211
Conversion on residuum,

Vol. percent to 1000° F,—_- 61.3 50.7 45,2 50
Products: - -

Wt. percent CoHa___._.... 0. 517 0. 450 0. 365 0. 627

Wit. peroent CoHy ... 0.0049 0.027 0.0069 | <0.0015
- Wiopercent Ha.lo_.o_..| | 0.0475 joooeoo-- 0.016 ]  0.012

) CﬂHsfoz s VS emmeew] - - 7106 17 53 >450

“The comparlsons of the CzHe/ CoH4 ratios in Table IV

-again illustrate the surprlsmg increase in the transference -

~of hydrogen when usmg the hlgh boﬂmg dlluent proposed
by this 111vent1on e

N EXAMPLE 5

Table V 111ustrates the eﬁioleuey of a non-thermal tar
hydrogen donor diluent, hydrogenated clarified o1l ex-
. tract, prepared according to this invention. The table
_also presents a control run Wlthout a diluent to evaluate

the eﬁect of the donors on M.NI, The feed was a 29%

65

70

Xt

-of 1.6°,
‘was the orackmg co11 prewously descrlbed

‘hydrogenated clarified oil extract (H/C=1.25).

8
Hawkins residuum, similar to that given in Table IH.
The extract, before hydrogenation, had an A.P.1.:gravity
and an H/C ratio of 1.13. . The equipment used

Table 'V -
29‘7 H’s.wkms Residuom ................ - 66.6 66. 6 100
Hydrog. 760/900° . Thermal Tari...-.| = 83.4 [eacecamocc]omeuaeoa--
‘Hydrog. Clarified Oﬂ Extrsot R 33.4 e,
Temperature, °F . . e 830 820 820
Pressure, P.SJ g cicmmcic e aaea ———m——— 420 400 400
Feed. Rs.te v.JV. /hr 111 ooil_ ______ —————— 3.38 3. 76 3. 60
Yields, Wt percent on Resid.: .
-Conversion £0 1000°% Fomcaemcanea-- 49.0 38.6 37.9
O L T e 2.0 0. 84 1.58
04—43{}“' B e ——— 12.2 21.4 11.0
430—650° F o e 12,4 |oeeecvmec ]
430—1000° B e fiee e neaa 60.6 } 22.2
- 650—1000° B oo e —————— T24 e cammane e
1000° B o e 6l. 61.4 62.1
Wt. Percent Change in Mod. Nephthe -
Insoluble ____________________________ +8.6 -0.6| +37.3
| : -

400 s.e.f, Ho/bbl.,—same diluent as described in Table IT1.

- 2 Phenol extreot of clarified oil; hydrogenation took up 600 s.c.f, Ha/bbl.
R Galeu eted on reelduum from the M.N.I. in the total liquid product.

Whlle the thermal tar was better than the extract, con-
s1der1ng the difference in conversion levels, both diluents
prevented polymerization of the crecked produets to
naphtha insolubles; whereas vlsbreakmg resulted in a
ma]or increase in M.N.I. as shown in the third column.
It is well known in the art that M.N.L I1Creases very

at 49% conversion to 1000° F.—, visbreaking would

‘have resulted in an M.N.IL increase well over 60%.

EXAMPLE 6

- The next table illustrates the surprising results ob-
tained by only partially hydrogenating the diluent. The
feed stock had the following inspections:” 84.87 wt. per-
cent carbon, 1.39 H/C ratio, 3.8° A.P.I. gravity, 24.6
wt. percent Conradson carbon, 17.4 wt. percent M.N.L,
and 155° F. softemng pomt

Table VI
Temperature, °F veeeccunacnn- i 820 820 | 820 | 820 850
Feed rate (Cofl), v./v./Br_..__. 3.60 | 3.62 ) 3.76 | 3.42 4,30
Pressure, pSJ gL 400 | 400 | 400 | 400 § 360
Resid, Conversion to1000° F.—,
wt. pereent . oo 37.9 140.5 | 38.6 | 43.3 43.7
Residunm ___ oo =l () 1 () (1) () (1)
Diluent .o Nons | (3 (2) (?) | E. Texas
' | | Gag Oil 3
Wt. Percent Diluent in Feed._._.| 0 [ 33.4 | 33.4 | 33.4 50
Cu. ft. Hy Added to Diluent. _ _.{ .. __. | 400 | 600 | 800 (4)
Modified Nephthe Insolubles 5..{ 23.9 | 19.9 | 17.3 | 17.9 19.7

1 27?’ Hawkins

2 Clarified Oil Extract.

8 Bast Texas Virgin gas oil (500-750° F.)
4 The virgin gas oﬂ is highly saturated (]

11/0 1.85) ecompared with a
Dlreetlonell this is
similar to the use of an exhaustively hydrogenated clarified oil which
would have required 3650 cu. ft. Hao/bbl. in order to reach 1.85 H/O
atomie ratio in the hydrogenated product.

¥ Caleulated on residuum (starting M.N.1.=17.4) .

Table VI shows that there is an optimum level of partial
hydrogenation. . When going from a state of no diluent
hydrogenation to one of substantially complete hydro-
genation, diluent efficiency reaches a peak, as indicated
by a minimum M.N.L content (17.3), and then declines.

EXAMPLE 7

- Table VII illustrates the applicability of this invention
to various feed stocks. Note in the runs where diluent
‘was used, the substantial reduction in coke ylelds com-
pared with non-diluent visbreaking rons,

1 Obtained from thermal cracki ng clarified oil; hydrogenation took up

zim
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 Table VII

10

T]:us oxamplo illustrates. HDDC with rooyclo of the __

:dﬂuent The cracking was carried out in a coil. The
products separation, diluent. hydrogenation and diluent
‘blending with feed were carried out batch-wise. This was

done for six cycles and equilibrium. conditions were close-

1y approached The diluent and feed stock ha.vo boon
-doscnbed in tho previous examples. |

Table VIII

Feed composmon wt. percent:-

| 12.99% West Texas residuum o eieean
1000° F.4- recycle bottoms ool 32.7
700-900° F. recycle diluent oo 26.5
 Fresh 700-900° F. thermal tar (blended with

.- - spent diluent, and hydrogenated thorew;lth) -~ 6.8

Diluent hydrogena’uon (includes fresh tar): .
Temperature, ® B e 700
- Pressure, P.SJi€e e e e
Feed rate, v./v./hr___.. e i 0.5

‘—1_“—__——._._!-—__—'_—

- Catalyst .

Molybdenum sulfide :®

| - ] 129% West |Hawk-|Hawk-t Fop § oo o | 169, West
Feed StocKammcivamnnne-- S ——— - Texas Resid. | .ins |ins As-|Bacha-| Coleville Crude | Clarified Oil| Texas
- - S | Res1d ‘phalt | quero | - o i | 1-Residuum
. [ .| Resid. o S
Inspections: | N S | | | o
Carbon, wt. percent. . caeman-en - 85.28 84.87 1 83.95 | . 84.1 | 85.14 85.33 e 87.58
Sulfuar, wt. Percent. ..o .-- - - 3.32 4,54 4.03 ¢} 3.36 3.48 1,32 e 2.60.
H/C atomic ratio...—- —————— o 1,51 1.39 1. 32 1. 47 1.67 1.8 e - 1.27.
Gravity, AP o 7.5. 3.8 —0.7 6.7 13.6 10,8 e} 9.5,
Conradson carbon, wt. percent... 21.4 - 24.6 29. 4 i 20.3 11.6 - | I 1 Ty S I
M.N.IL,, wt. peroont _________ | e m e ——————————————— 22.8 | 11 13.2 88 ) P .
| Softoning point, °F . e . 134 B T % [ 116,58 §eemm o c e emcimcc e[ eccm e e mmee e
Diluent, 700/900° F.: I | . |
Thermal Tar, wt. percent___..-..|. None | 33.4 50 504 20 10| None Tl;orx;:tal Olalxiizﬁed
. - ar. oil. _
| Dﬂﬁopngydrogenation cubic feet | cumama- 400 400 400 550 820 |cmcmcceae 10, | 438.
) 2 : _
Temperature, °F_____._--_...._.._--__..... 815-860 820 853 862 798 | 840-850 | 830-850 | 860. o nwua--
Pressure,; P.S.0.g e oce e cacemmm rew-| - 1500} 400 380 370 400 390 )  bi0 40[]—11{]0 _____
Feed rate, v. B0/ Ve e m oo .l 3.44 1 1.87 3. 5% 3. 78 1.21 | 2.13 | 2,08 |omecmeemme |
Umt__..___..._-.._..___.._' _______________ Drum | Coil | Coil| Coil| Coil| Drum | Drum | Batch | Batch
. : : | : - (800 c.c.) (300 c.c.).
Gonvermonto 1000° F.— Vol percent 1 30 50 | 53.2 | 552 336 | 470.6 ¢ 4722|0827 ... §42. |
on Resid, 7 | | | o B
.-Ylolds Wt. percont on Feed: —_— | | |
Coke i . 2.5 0.8 0. 05 0 0.19 | 0.14 1.8 ) <01 acmicae 2.5,
 C3—088 e e eemaa L3 2.9 18] 18 2,8 - 0.78 8.2 16 3.3.
1 700“ F. +Iron:1 thermallsr orackod clarified 011 |
2 Diluent Inspections: ]E[/O 1. 36 S. 1.66 wt. percent.
13900° F.+. |
© - 4 55,8 vol. porcent on 1000° F. + in Oolevzllo Orudo |
' § 650° F -, _ o
EXAMPLE 8 30 What is claimed is:

1.. The process of upgradlng heavy residual hydrocar—

lbons to. lighter products which comprises blending 0.25
to 4 parts by volume of a diluent, obtained as stated

hereinafter, with- one volume of the feed, thermally

| craokmg in a first stage the feed-diluent mixture by heat-

~ing to 800 to 900° F. under a pressure of not more ‘than

40

49

500

50

55

. 60 hydrogen at a temperature in the range of 800° to 925°

H, consumption, s.c.f Hg/ bbl. of dlluont _____ - 400
Cracking COI]dltIOIlS (coil operation): : - -
Temperature, ° B e e - 820
Pressure, p.Si.ge - eocmme e e 400
Feed rate, v./v./hr . e e e - 2

" Products, based on fresh residuum and make-up tar I
- Coke, wt. percent _ s i 1.8

- Cyg—, wt. percent el 7.6
- Cy, vol. percent e 3.7
 Cy—430° F., vol. percent ___ .l __i_.. 38.7
430-700° F., vol. poroont i AT

o T700-900°% B e PO |
. 900-1000° F., vol. percent .- eccoeeee 149
1000° F.+, vol percent ..__-__.--_._;..'.____._..._.-__.___.- 1.8

It will be a.ppreolated by thoso skilled in the art that-

when diluent recycle operation is: prao’aoed the constit-
uénts in the recycled diluent such as paraﬁins that do not
contribute to hydrogen donation can be removed, if

necessary, by treating all or part of the recycled diluent .

by solvent oxtraohon thermal oraoklng or oata,lytlo aro-
matization.

- Having described this invention and presented specific
examples thereof, what is sought to be protected by Let-
:ters Patont 1 sucomotly set forth In ; the followmg clamls

:85 cracked, low value, high boiling refinery material, segre-

1000 p.s.i.g. and for a residence time of 0.25 to 5 hours,

separating lighter products from a 700° F.- bottoms
fraction of the cracked mixture, separating the bottoms

fraction into a 700 to 500° F. cut containing a minimum
,’aroma.tlo content of 40 wt. percent and a heavier frac-

tion, partlally hydrogonatmg the 700 to 900° F. cut under

pressure in the presence of a hydrogenation catalyst by |
adding thereto 200 to 1000 s.c.f. of hydrogen to obtain

a. hydrogon/ carbon atomic ratio in the range of. 0.7 to

1.6, passing the heavier fraction from the bottoms to a

second stage thermal cracking zone, blending 0.5 to 4
parts by volume of diluent therewith, and thermally

cracking the mixture under pressure at a temperature of

850 to 925° F., and recycling the partially hydrogenated
700 to 900° F cut to both craokmg staﬂes to serve as

said diluent. .
2. Process aooordmg to claim 1 wherein the second

stage cracking 1s oamed out at moro se:ve:re condltlons
than the first. |

3. In a conversion process wherein a heavy potroloum- |
oil is admixed with a hydrogen donor diluent and sub-
jected to conditions of nou-oatalytlo, liquid phase hydro-
gen donor diluent cracking in the absence of extraneous

F. the improvement which comprises ut111zmg as . the

‘hydrogen donor diluent a partially hydrogenated aro-
matic naphthenic containing thermal tar, said tar having

been- obtained by first extensively thermal cracking a

. gating and recovering therefrom a bottoms tar fraction.

70

having. a minimum boiling point of 700° F. and a mini--

mum: aromatic content of 40 wt. percent and hydrogenat--

ing the tar fraction with from 200 to 1000 s.c.f. hydro-
gen/barrel to obtain a H/C atomic ratio of 0.7 to- 1.6.

4. The process of claim 3 wherein the precursor of -

said hydrogen donor diluent comprises a oata,lytlcally'
cracked oil having an ‘A.PL gravity below 20°, -

L

5 The procoss of ola1m 3 wherom S&Id procoss conl-?-

------
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11
prises a vis-breaking type of operation producmg residual
fuel oils.
6. A process according to clai
the hydrogen donor diluent cracking step the spent hy-

drogen donor diluent is separated from the cracked prod-

ucts and partially hydrogenated to introduce about 1 to

1 3 wherein following.

3 hydrogen molecules into the aromatic-naphthenic donor- "-

molecule while leaving one or more aromatic rings in
the molecule unhydrogenated and at least a major part

thereof is recycled to the hydrogen donor diluent step

for cracking additional heavy petroleum oil.

7. A process according to claim 3 wherein following

the hydrogen donor diluent cracking step the spent donor
diluent is separated from the cracked products and par-
tially hydrogenated and the partially hydrogenated hy-
drogen donor diluent recycled to the hydrogen donor
diluent cracking step.

8. A hydrogen donor diluent cracking process W]]lCh

comprises admixing a heavy hydrocarbon oil with 25%

to 400% by volume of a hydrogen donor diluent contain-
ing a predominate proportion of condensed ring aromatic-
naphthenic compounds and having a boiling point above
about 700° F., having a minimum aromatic content of
about 40% by weight, and made by only partially hy-
drogenating a cracked high boiling refinery material with
from about 200 to 1000 s.c.f. of hydrogen per barrel of
feed to obtain a2 hydrogen donor diluent having a H/C
atomic ratio between about 0.7 and 1.6, thermally crack-
ing the mixture under hydrogen donor diluent non-cata-
Iytic cracking .conditions whereby said hydrocarbon oil
feed is pyrolytically converted and said hydrogen donor
diluent transfers hydrogen to the products of the pyroly-
sis, said hydrogen donor diluent cracking conditions in-
cluding a temperature in the range of 800° F. to 925°
F., and a pressure sufficient to maintain substantially
liquid phase conditions, separating the thermally cracked
mixture to obtain product lower boiling hydrocarbon
fractions, spent donor diluent and bottoms, only partially
'hydrogenatmg at least a major portion of said spent donor

"dlluent by introducing into said donor diluent 200 to 800
's.c.f. of Hy bbl. of spent donor diluent, and recycling the

.parually hydrogenated donor diluent to form at least a

portion of said hydrogen donor diluent admixed W1th said
heavy bydrocarbon oil feed.

9. A process accordmg to claim 8 wherein the hydro-
gen donor diluent is produced by partially hydrogenating
a thermal tar produced by cracking catalytic cycle stock.
- 10. The process of claim 11 wherein said make-up
consists of thermal tar obtained by thermally cracking
a catalytic cracking cycle stock. -

11. A process according to claim 8 wherein a minor
amount of said spent hydrogen donor diluent fraction is
bled from said process and replaced by make-up hydro-

gen donor diluent precursor whereby the effective hydro-

gen transfer characteristics of said hydrogen donor dil-
uent fraction are maintained, said make-up hydrogen
donor diluent precursor comprising a thermal tar ob-
tamed from cracking a cracked, low value hydrocarbon
oil and having a boiling point above about 700° F. and
containing a major portion of polycyclic condensed ring
aromatic-naphthenic compounds and in which the added
precursor is only partially hydrogenated during said par-

tial hydrogenation step to obtain a hydrogen donor dil-
uent having at least one aromatic ring in the molecule

which is unhydrogenated and having a H/C atomic ratio
of about 0.7 to 1.6.

- 12. A hydrogen donor diluent crackmg process which
comprises admixing a heavy hydrocarbon oil with 25%
to 400% by volume of a hydrogen donor diluent contain-
ing a predominate proportion of condensed ring aromatic-
naphthenic compounds and having a boiling point above
~about 700° F., having a minimum aromatic content of
about 40% by weight, and made by only partially hy-
.drogenating a cracked low value high boiling refinery
material with from about 200 to 1000 s.c.f. of hydrogen

12

per barrel of said refinery material to obtain a hydrogen

donor diluent having a H/C atomic ratio of about 0.7 to
1.6, thermally .cracking the mixture under hydrogen
donor diluent non- catalytic cracking conditions whereby
said hydrocarbon oil feed is pyrolytically converted and
said hydrogen donor diluent transfers hydrogen to the
products of cracking, said hydrogen donor diluent crack-
ing conditions including a temperature in the range be-

-~ tween about 800° F. and 925° F., and a pressure suffi-
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cient to maintain substantially liquid phase conditions,
and separating the thermally cracked mixture to obtain
product lower boiling hydrocarbon fractmns spent donor
diluent and bottoms. a -

13. In a petroleum oil thermal crackmg process where-
in a hydrocarbon oil is subjected to pyrolysis to produce
lower boiling hydrocarbons, the improved method for
cracking such hydrocarbon oil while substantially In-
hibiting coke formation and deposition which comprises
admixing with said hydrocarbon oil 0.25 to 4 volumes
of hydrogen donor diluent per volume of oil, said hydro-
gen donor diluent comprising a major proportion of con-
densed naphthenic-aromatic ring compounds obtained as
a fraction boiling between about 700° and 900° F. by
only partially hydrogenating a high boiling thermally
cracked tar boiling above about 700° F. to produce
condensed ring aromatic—naphthenic compounds in which
at least one aromatic ring in the molecule remains un-
hydrogenated and the hydrogen donor diluent has a
H/C atomic ratio of between about (0.7 and 1.6, thermally
cracking the mixture, recovering from the mixture of
cracked products spent hydrogen donor diluent, only
partially hydrogenating at least a major portion of the
recovered spent donor diluent fraction and recycling the
partially hydrogenated donor diluent to convert further
amounts of said hydrocarbon oil feed.

14. A thermal cracking process which comprises ad-
mixing a heavy high boiling hydrocarbon oil with 25 to
400% by volume of a hydrogen donor diluent having
a. boiling range above about 700° F. and made by only
partially hydrogenating a thermally cracked -catalytic
cycle oil with 200 to 1000 s.c.f. of hydrogen per barrel of
said cycle oil to obtain a hydrogen donor diluent having
a H/C atomic ratio between about 0.7 and 1.6 and a
minimum aromatic ring content of 40 wt. percent, ther-
mally cracking the admixture under hydrogen donor dil-
uent nom-catalytic cracking conditions to convert the
heavy hydrocarbon oil to lower boiling products and so
that the hydrogen donor diluent transfers hydrogen to
the converted products, said cracking conditions includ-
ing a temperature between about 800° F. and 925° F.
and a pressure sufficient to maintain substantially liquid
phase conditions, and recovering lower boiling hydrocar-
bons from the converted products.

15. A thermal cracking process which comprises ad-
mixing a heavy high boiling hydrocarbon oil with about
25 to 400% by volume of a hydrogen donor diluent hav-
ing a boiling range between about 700° F. and 900° F.
and made by only partially hydrogenating a thermal tar
obtained by extensively thermally cracking a cracked,

low wvalue, high boiling refinery material and segregating

a tar.fraction therefrom having a minimum boiling point
of about 700° F., said hydrogen donor diluent compris-
ng a partially hydmgenated condensed ring aromatic-
naphthentic containing thermal tar having a minimum

aromatic content of about 40% by weight and being only

partially hydrogenated with from 200 to 1000 s.c.f. of
hydrogen per barrel of feed to obtain a hydrogen donor
diluent having a H/C atomic ratio of between about 0.7
and 1.6, then thermally cracking the admixture under
hydrogen donor diluent non-catalytic cracking conditions
to convert the heavy high boiling hydrocarbon oil to
lower boiling products and so that the hydrogen donor
diluent transfers hydrogen to the converted products, said
cracking conditions including a temperature between
about 800° F. and 925° F. and a pressure sufficient to
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maintain substantially liquid phase condﬂmns, *and re-
covering lower boiling hydrocarbons from the converted

products.

References Cited in the file of this patent

UNITED STATES PATENTS
Greensfelder e

2,426,929
2,772,213

Fischer

iamm BN il T Ay my g anl Ean En amn s e SRS ikl SN

Sept. 2, 1947

Nov. 27, 1956

2,772,218
2,772,222
2,796,386
2,843,530

14
Martin e e Nov. 27, 1956
Stewart et al, e Nov. 27, 1956
Cabhn .. June 18, 1957

Langer et al, e July 15, 1958 |
OTHER REFERENCES |

“Conversion of Petroleum,” Sachanen, 2nd ed., 1948,

‘Reinhold Pub. Co., New York, pages 102 and 104,




	Drawings
	Front Page
	Specification
	Claims

