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ABSTRACT

Libyan heavy crude oils from Amal fier and Faregh
field were visbroken at a pressure of 200 psi in a tubu-
lar reactor. The reaction variables were studied in the
ranges from 650 °F to 850 °F and from 1.7 minute to 6.5
minute residence time. Water was 1njécted with a weight
ratio to feed of 0.025 at a residence time of 1.7 minute
to find how it affects the viscosity of Amal crude oil.

Increasing the severity of operation resulted in
decreases in viscosity and pour point of the crude o0il
The results for gas analysis were correlated with the
severity factor which combined the effects of the reaction
variables. Increasing the severity of operation resulted
in increases in conversion by weight to both solid and
gaseous products; in total volumetric gaseous yields,
hydrogen and methane yields. The total reduction in vis-
cosity for Amal crude oil is 17.09 saybolt universal
seconds at a reaction temperature 650 °F and 65.19 SUS at
850 °F from original viscosity of 90.2 SUS at 100 OF.

For Faregh crude o0il, the total reduction is about 50.95
saybolt universal seconds at 650 O°F and 64.80 SUS at

0

850 °F from original viscosity 89.3 SUS at 100 °F. The

reduction in pour point for both Amal and Faregh are

iii



T-2608

19.5 °F and 25 OF, respectively for original pour point

of 67.5 °F and 75 °F.
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INTRODUCTION

Visbreaking is a form of thermal cracking that was
considered obsolete in the United States until a few
years ago. The process now is being revived because it
offers economic advantages to many refining schemes (1).
It is a major objective for the 01l refiner to produce
from No. 6 fuel oil as much gas oil as possible and still
maintain proper viscosity specification (2).

To understand the visbreaking process and its limi-
tations, a few words can be said about the structure of a
typical petroleum residue and its transformation during
visbreaking (3).

A typical petroleum residue obtained after a vacuum
distillation operation consists of three types of compounds,
these are: o0ils, resins, and aspha]fenes. The resins are
thought of as very high molecular compounds which can be
separated from a deasphalted residue by adsorption on
adsorbents. The typical petroleum residue is a colloidal
solution in which the asphaltenes are held in a colloidal
suspension in the o0il phase with the resins and aromatic
hydrocarbons acting as peptizing agents. The asphaltenes
are high molecular weight compounds held together by physi-
cal forces and they can be precipitated from a residue by

paraffinic solvents.
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During the thermal process of visbreaking, two pro-
cesses take place. The hydrocarbons are partly cracked,
producing lighter products which are distilled and at the
same time carboids and coke are formed through polymeri-
zation, condensation, dehydrogenation and dealkylation
reactions. These carboids and coke as well as the asphal-
tenes continue to be held in a stable colloidal solution
or suspension up to a certain 1imit of conversion. Past
this 1imit they tend to separate and to form deposits
either in storage or in the equipment used for heating
and burning the residual itself.

Two main objectives can be identified when the vis-
breaking process is considered, these objectives are:
reduction of fuel 0il production and reduction of fuel o0il
production with a simultaneous improvement of its pour
point by including a mild thermal cracking step (3).

There are several methods of realizing these objec-
tives. First, one may carry out a catalytic hydrodesul-
furization operation and produce an entirely distillate
product. A second method of processing heavy residue is
that of coking. This route is effective in e]fminating the
blending of distillate cutter stocks in residuals, but here
one must substitute coke for residual fuel as a product in

the marketing program (2).
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Few studies of the visbreaking process have been done
for heavy crude o0il. The latest study by Frank Stolfa (4)
indicated that visbreaking reduced the production of fuel
oil by about 20 percent. Approximately 10 percent of the
charge was converted to gas-plus gasoline and the reduc-
tion in viscosity and pour point, which decreased the
requirement for cutter stock, accounted for the other 10
percent. The combination process visbreaking plus-gas oil
cracking for pour point reduction was developed in the
early 1960's primarily for North Africa waxy crudes.

The objective of this first trial of overall research
was to study the determining effects of operating variables
on visbreaking processes with a major goal of reducing the
viscosity and pour point.

It has been postulated and generally accepted, but
not conclusively proved, that asphaltic materials contained
in 0ils exist in a colloidal state. Acceptance of this
theory has materially advanced the progress of asphalt
chemistry, and in addition, satisfaétori]y explained the
mechanism of instability of the visbroken product (11).
Katz and Ben (12) examined thin films of asphalt with
the electron microscope to search for colloidal particles.
Micrographs obtained at 156,000 diameters indicated that
colloidal particles, if present in undiluted asphalt, are

less than 65A in diameter.
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From unpublished data and an excellent article by
Benthea, Goldthwait, and Offutt (18), correlations have
been developed to predict visbreakfng yields aqd product
quality when operating at optimum visbreaking conditions.
‘Since the primary purpose of visbréaking is to reduce the
production of residual fuel oil, these correlations were
developed on the following bases:

- The correlations are valid for vacuum resjduum visbreaker
charge:stock only. Atmospheric distillation operations will
not result in minimizing residual fuel o0il yield.

- The visbreaking reaction is carried out at maximum severity
as limited by fuel o0il thermal stability requirements for
Navy Special Fuel oil. For well-designed visbreaking fur-
naces, this severity will be within the operating limit
dictated by excessive furnace coking.

Visbreaking, like thermal cracking, is a first-order
reaction. Visbreaking operating_cbnditions rarely approach
the severity recquired to give the secondary reactions of
polymerization and condensation a chance to occur. This
is due to the visbreaking severity;]imit imposed by the

fuel 0il stability requirements.
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PREVIOUS STUDIES

The Phillips Petroleum Company (7) has recently
placed in operation a high vacuum unit, operating in the
range of 100 microns (0.1 mmHg) to 800 microns (0.8 mmHg)’
with encouraging results. High yields of gas oil have been
produced from feed stocks having 12% to zero of material
boiling below 1000 °F. The application of high vacuum to
recover heavy hydrocarbons from crude presented the pro-
blem of disposing of the high viscosity vacuum residuum.
The obvious solution of blending back the residuum with
V]ow viscosity oil to fuel o0il specifications may not be the
best choice, not only because it degrades the fluxing oil
to fuel o0il Tevel but requires selecting cut back stocks
and blending techniques which will avoid settling of the
blend from lack of compatibility of the stocks. But by
visbreaking, or mild cracking of high viscosity vacuum
residuum, fuel o0il yields are greatly reduced over those
obtained by cutting back the residuum to fuel o0il specifi-
cations.

A pilot plant trial was made to investigate visbreak-
ing a cracked residuum. The charge was a vacuum reduced
residuum from one pass topped crude cracking of Texas pan-
handle reduced crude. First attempts at visbreaking were

unsuccessful due to coil coking. However, by using a small
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coil and cold oil velocities of 2 ft per sec., conversion
of 47 LV % of the charge to 900 °F and lighter was obtained.
In a commercial visbreaking operation(7), the high
vacuum unit residuum, representing approximately 13 LV %
of the crude, was charged to the visbreaker furnace through
a small surge tank. Then the furnace outlet was quenched
immediately with gas oil and charged to a flash drum. The
amount flashed was controlled by the pressure on the flash
drum and by gas oil or steam injection ahead of flash drum.
The heavy residuum made was sent to storage off the flash
drum bottom and the overhead vapors were charged to the
bubble tower. The gas oil was cooled and a portion recy-
cled to the furnace outlet as quenched 0il with the remain-
der going to storage.

The description by Lummus Company (8) states, that the
pour points of reduced oils (70-100°F) are reduced by
20-25 °F by visbreaking. They also stated that the pour
points of waxy vacuum tower distillates are reduced 40-50 Of
by visbreaking.

In one of the Western Petroleum Refiner's Association
panel discussions, Fischbeck stated that mild cracking (vis-
breaking) reduced the pour point by 20-30 9. In this case
the gas oil had been removed and this fndicated that vis-

breaking the entire residue might give even lower pour
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points. Greater reductions in pour points occurred at
higher severities.
Two samples of East Texas reduced crude (105-110 OF

pour point) were subjected to visbreaking with results as

following:
Viscosity o
PI SSFE at 122 “F Pour
No. 1 11.6 228 50 F°
No. 2 9.5 380 60 F°

and two tests of a 20 vol % Kuwait residue (100 °F pour)
yielded fuel o0ils by visbreaking which had pour points of

°F. So most generally it seems that a reduction

55 and 65
in pour point of at least 20-30 °F s possible by visbreaking.

Benther, Goldthwait, and Offutt (14) discuss in detail
the effect of degree of visbreaking on the stability of
visbreaker fuel oils. They found that the stability is a
function of the amount of n-pentane insolubles and Ring
and Ball softening point. If these properties are low,
the stock contains more oil, and less asphaltenes, and it
is a good feedstock.

During visbreaking, the heavy o0il cracks into lower-
viscosity, lower-boiling oils. Most approximately, a
n-pentane insoluble reaction of less than 14% in the feed
material is considered as good. Gravity alone is not

directly related to the suitability of feedstock for vis-

breaking.
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Moderate visbreaking decreases the boiling range of
a 900 °F straight-run residue to a 50% temperature of 850-
900 °F. Vacuum flashing of such visbreaker product at a pres-
sure of 30-35 mmHg will cause the vaporization of about
50-60%, of which 5-10% is gasoline and the rest, visbreaker
gas o0il boiling up to about 900 OF. Several analytical
methods are used to determine the stability of the residual
fuel. These are (3):

Sediment

Navy boiler and turpine laboratory tests

Hot filtration test

Shell filtration test

Although all of these represent certain aspects of the
stability of the visbreaker residue, théy are not equiva-
Tent. Some of these are only qualitative measures of this
stability.

In 1960 the combination process visbreaking plus-gas
0il cracking for pour point reduction was developed for
North Africa waxy crudes. In this process a waxy reduced
crude were charged to a visbreaking cdi] (4) and the effluent
from the‘coil was fractionated. In addition to gas plus
gasoline, a light distillate was recovered. The residue
was vacuum flashed and the recovered visbroken vacuum gas

0il was thermal cracked in a second coil to light
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distillate and thermal tar. The light distillate, thermal
tar and thermal vacuum residue were then blended to Tow
pour point fuel oil specification (4).

During the past 20 years, Lummus has built several
units for improving viscosity and pour point (3). A1l
these units had two heaters, one fed with virgin residue
and the second with vacuum gas oil boiling-range material.
The pour point reduction unit, by virtue of their selec-
tive two heater system, allowed an important production of
distillates, but it may be debatable whether they retain
viability in view of today's high energy costs (3,4).

Viscosity.breaking also may be achieved by injecting
residuum into the hot-cracked product resulting from nor-
mal cracking operations at the point where these products
leave the cracking furnace. The quantity of héat supplied
in this manner to the residuum is sufficient to obtain the
desired degree of cracking. This method of reducing vis-
cosity of the residuum was referred to as the injection
flow method (8).

Shell International Petroleum, Maatschapy, The Hague,
Netherlands (7) maintained that the thermal cracking rates
constant K has the usual Arrhenius-type relationship,

_ e-ERT

k = k0

in which ko is a constant
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E is the energy of activation

R is the gas constant
The energy of activation, E, depends on the molecular size,
being lower for large molecules than for smaller molecules.
This leads to a relatively greater difference between the
cracking rates of, say C15 and C30 molecules at lower tem-
perature (soakercracking) than at'high temperatures (furnace
cracking).

The factor which leads to a selectivity of visbreaker
yields in favor of gas oil range products in soaker crack-
ing is the residence time of vapor in the cracking zone. In
furnace cracking the vapor phase which developes along the
coil and which preferably should nbt be cracked any further,
has a residence time in the crackiﬁg zone of about 1/2 to
1/5 of that of the liquid phase which contains the crack-
ing feedstock. Tables 1 and 2 show the estimation of vis-
breaking yields from light Arabian reduced crude, vacuum
bottoms and reduced crude:for gas oil recovery respectively.

Pilot plant operations were successful in visbreaking
high vacuum tar (0.1 mmHg-0.8mmHg);using radiant type heat-
ing with high uniform heat transfe? rates and high oil
velocities through the coil. Higher conversions and less
coil coking were possible at cold bi] velocities of 2 ft

per second than 0.3 ft per second. (7). The most severe



11

T-2608

00€
9°¢

08t

14221
1S3°9SIA

3anydd

GG1/01 9¢
0¢

6§
HSY 14 ON
dnod 49

a3J3nd3y NYIgvdy

1°¢

00T €1
0¢ 6°0
8°0

0091 0°¢

Wdd %M
N S

L°6L
6°11
8°§
0°¢

00T
%10A

L°¥1
¢ €t
€18
0°¢8

6°91
IdY

0°001
6°08 S9y+4,00,

L*0T  3,00£-59€

L'y 4,59e-L0
b1 VAR
1°2 v
2°0 s%H

$10Np0OUd
00T abaey)
%M

LHOIT WO¥d SATIIA ININVIYASIA QILYWILSI °T 378VlL



12

T-2608

0

(4
19

000°9

00°G22.

221)
ISIA

SWolL104

G91/58 ¢9 0§

G01 - 00T€
do ON Wdd
dnod 48 N

WANJIYA NVYIEGVEY LHOIT WOYUA

0¥
h1M

SATITA ONIAYIYESIA

8°16
19
0°¢

001
%T0A

¢’ L
0°1§
0°¢8

6°9
IdY

0°00t1
9°16

9°'v
€1

LM

Q3LVAILST

4,00£-59€
1, §9¢-Lo
99/%

b

mm:

J

S30npoud
9buaey)

"¢ 318Y1



T-2608 13

cracking attained without excessive coke formation
converted 48.8 LV% of charge to material boiling below
950 °F. This temperature was chosen because 950 Of closely
approximated the initial point of visbreaker charge..

Pilot plent and bench scale visbreaking tests (12)
were run on four different charge stocks. Two stocks were
from a paraffinic base Texas crude. The third residuum
for visbreaking was from an intermediate base crude and
and the fourth from vacuum-reduced Tight crude. Tables
3 and 4 show the comparisons between pilot plant and
bench-scale yields for visbreaking of various crude resi-
duums and the yields for different stocks. Table 3 shows
the comparison between pilot plant and commercial plant
visbreaking.

The Lummus viscosity-breaking (15) process is designed
to operate on high pour, high sulfur-content reduced crude
to produce minimum yields of low pour, low viscosity fuel
0il with maximum yields of low-pour cracked gas oil. Two-
coil visbreaking units have been used. One coil is used
for once through visbreaking of the reduced crude and the
other coil for recycle cracking of the high-pour heavy
gas 0il produced in the first coil. Alternately, both
coils can be employed in parallel for recycle visbreaking

operations.
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TABLE 4. PILOT PLANT VISBREAKING OF A VACUUM REDUCED
CRACKED RESIDUUM

Operating Conditions:

Coil inlet Temp. Of 540
Coil outlet Temp °F (caked)
Inlet pressure psig 182
Qutlet pressure psig 156
Cold 01l velocity ft/sec 1.9

Charge Stock:

V % of crude 8.5
Viscosity SFS at 122 °F 1321
Viscosity SFS at 210 °F 62
Carbon residue wt% 14.5
Pour point °F 70

Gravity API 12.5

Vacuum Distillation:

IBP 802
5% Cond. 872
10% Cond. 413
20% Cond. 475
30% Cond, 1015
40% Cond. 1033

50% Cond. Cracked
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The high-pour point waxy vacuum-tower sidestream is

’

charged to the gas oil cracking coil where its pour point

is reduced by 40-50 °

F. When heavy reduced crudes having
gravities in the range of 12.0 to 16.0 °A.P.I, viscosities
from 300-800 S.S.F at 122 °F and pour points from 70-100 Of
are charged to the unit, a finished fuel o0il with a vis-
cosity of 125 S.S.F at 122 °F and a pour point of 20-25 °F
is produced.

If the available residual charge stocks have low pour
points but high viscosities, the production of low-viscosity
fuel o0ils can be accomplished in a simple once-through opera-
tion. Such a unit costs about 70 percent as much as the
two stage visbreaking and pour reduction unit.

Cracking tests were made on a reduced crude oil from
the Oficina field (16). The crude o0il had an A.P.I.
gravity of 33.5, and the reduced crude represented 48 per-
cent of the original oil. The reduced crude was cracked in
a Dubbs two-coil pilot plant. The conditions of operation;
were selected to produce a marketable fuel o0il having a
Furol viscosity of approximately 250 seconds at 122 0F,
and 400 °F end point, 10 psi Reid vapor pressure gasoline.

A heavy o0il transfer temperature of 890 °F was maintained

during the run along with a 1ight oil transfer temperature

of 960 °F. Pressure at the exit of the heavy o0il coil was
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220 psi, and 250 psi at the exit of the 1ight oil coil.

Mixed Eastern Venzuela reduced crudes (17) were
cracked in two ways to produce a marketable fuel o0il
residuum having a Furol viscosity between 200 and 250
seconds at 122\°F. The runs were made in a two-coil pilot
plant using a heavy o0il transfer temperature 915 °F and
1ight o0il transfer from 950 to 960 °F. The pressure was
250 psi. In the first run, normal two-coil recycle opera-
tion was employed and a residuum of the desired viscosity
was produced directly.

In a second run the so-called cut-back operation was
employed. In this method residuum of higher viscosity was
produced and a fraction of intermediate boiling range
cracked distillate was recovered and added to the residuum
to lower its viscosity. A 400 °F end point gasoline and
the desired viscosity fuel o0il were produced in the normal
operation. In the cut-back operation conditions were regu-
lated so that a residuum having a Furol viscosity of 800 to
900 seconds at 122 °F was produced and sufficient interme-
diate boiling range cracked distillate was withdrawn from
the final fractionator to cut back the viscosity of the.
residuum to 200 to 250 seconds.

A typical layout of a visbreaker processing unit is . »

shown in Figure 1. The cracking takes place either in the
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Fractionator

fas +
fiasoline

-———————r—)— Gas 0il

Soaker
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Residue

J

b o e —— e ——————

w. Cracked
Residue

Figure 1.--Visbreaking residue using a soaker.
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furnace (without soaker) or in a soaker (reaction chamber)
just downstream of the furnace (20).

The soaker provides for a prolonged residence time
and therefore requires a lower cracking temperature which
is advantageous as regards cost of furnace and fuel. Fur-
nace size can be decreased as much as 30% with a soaker.
For this reason several non-Shell refineries are building
visbreakers applying Shell's soaker technology.

oC in the furnace

The cracking temperature is about 485
cracking case and about 440 °C in the soaker case. The
main problem of visbreaking (1) is the instability of the
fuel produced after blending with a cutter stock. If the
cracking severity is too high, phase separation of fuel oil
may appear as well as sludge formation. This is mainly due
to presence of asphaltenes. During the cracking, the
character of the asphaltenes changes (20). The colloidal
solution cannot be maintained and asphaltenes tend to pre-

cipitate, forming sludge.

Coke Formation

An increase in visbreaking severity, such as that
obtained by increasing furnace temperature, results in an
increase in yields of distillate and gaseous hydrocarboné
and reduction in the amount of cutter o0il required to blend

specification viscosity residual fuel oil (2).
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At higher severities there is an increased tendency
to form coke deposits in the furnace which if carried to
extremes, would results in permature shutdown for decoking

of the cracking furnace.
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EXPERIMENTAL BASIS

Visbreaking is a non-catalytic, highly endothermic
chemical change of substance by means of heat alone,
including thermal rearrangements into isomers, thermal
polymerization, and thermal decompositions (5). High
temperature, large hydrocarbon molecules containing many
atoms decompose into smaller molecules. When o0il is
heated, it cracks and breaks down into materials that boil
at lower temperatures and have properties different from
those of the original oils. The more drastic the cracking
conditions, the smaller the molecules, and the Tower 1is
the boiling range of the cracked product. At extremely
high temperatures, all hydrocarbons decompose into their
elements, carbon and hydrogen. A hydrocarbon molecule can
be decomposed in a variety of ways. Some of these reac-
tions may be visualized by considering a few of the many
theoretically possible splittings of a molecule of a satur-

ated hydrocarbon using Hexane, for illustrative purposes.

HHHHHH HHHHH H
H-C-C-C-C-C-C-H —>H-C-C-C-C-C-H + H-C-H
HHHHHH HHH H
Hexane Pentane Methane
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From those reactions, it may be seen that gases, and
liquids are formed during the ckacking processes. The
quantity of each of course, depends upon the severity of
operation.

Actual reactions that occur in visbreaking are much
more complicated than the reactions shown. Some highly

unsaturated hydrocarbons are also formed.
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EXPERIMENTAL EQUIPMENT

The visbreaking unit used in this study Figure 2 is
similar to pyrolysis units used by the Institute of Gas
Technology (9) and by Griswold (5). The system is divi-
ded into four sections.

1) Feed system

2) Reactor system

3) Condenser system

4)

Sampling system

Feed System

Heavy crude o0il is gravity fed from 1000 ml pyrex
burets to a piston pump. The flow of 0il is controlled
by varying the stroke length and speed of stroke. The
0oil is pumped through 1/4 inch 0.D., 316 tubing and
preheated with an 8 ft thermotrace heating tape wrapped
around a 1.5 ft section of 0il line. Power to heating
tape is supplied by a powerstate 10 amp, 1-KVa rheostat.
The heating tape is rated up to 450 OC to maintain the
temperature in the 1ine. The tubing is wrapped with four
layers of asbestos cloth as insulation.

Preheater System

The preheater system is a 36.6 inch length of 0.285
inch O.D., 1/4 inch I.D., 316 SS tubing. The preheater is

heated with a Lindberg one-zone tube furnace. The
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temperature of the preheater is controlled by a Lindberg
one-zone conpro] unit that operates in the range of 200-
1200 °C and responds to one thermocouple in the middle of
the furnace. The out]et temperature of the preheater is
measured by a thermocouple No. 19, located as shown in
Figure 2. The thermocouples are iﬁterfaced with an auto-
matic thermocouple scanner, digital readout in F.

Reactor System

The reactor system is a 46.63 inch length of 0.535
inch 0.D., 1/2 inch I.D., 316 SS tubing. The reactor is
heated with a tube furnace. The temperature of the furnace
is measured by two thermocouples 17 and 18 as shown in Fig-
ure 2. The outlet temperature of the reactor is measured by
a thermocouplte No. 21 as shown in Figure 2. The thermo-
couples are interfaced with an automatic thermocouple

scanner, digital redout in °F.

Sampling System

The 1iquid received from the bottom of the flask tank
is collected in a sample flask and the gas is diverted
through a 250 ml glass bomb for about 10 minutes before
collecting the gas sample. The liquid is tested for vis-
cosity and pour point and the gas sample analyzed by gas

chromatograph analysis.
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TABLE 5. LIST OF EQUIPMENT

1. 1 - 1000 ml burets, 0il feed

2. 1 - 250 m. burets, water feed
3. Piston pump
4. Single Lindberg furnace
5. Thermo trace heating tap
6. Furnace and reactor
7. Condenser
8. Flash drum
9. Sample f]ask
10. Glass wool filter
11. Dry gas test meter
12. Gas bomb
13. Control valve (pressure)
14. Relief valve up to 350 psi
15. Rupture disc up to 390 psi
16. Drum receives waste from rupture and rupture disc
//—\
17. Outlet furnace temperature measurement
18. Inlet furnace temperature measurement
19. OQutlet thermocouple measurement
20. Rupture disc
21. Qutlet reactor temperature measurement
22. Inlet reactor temperature measurement

25
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Chromatograph System

The product gas is analyzed with a Carle Model II
(20) analytical gas chromatograph equipped with a series-
bypass switching option. Three columns separate the
product gas component:

Column 1A: 15 ft x 1/8 in., 28% Bis (EE) A + 4.7%
squalane + 2% carbowax 1540 on 80/100
chromosorb PAQ

Co]umn 1B: 16 in x 1.8 in, 1% tetraethylene-glycol
dimethyl ether on 80/100

Column 2: 4.5 ft x 1/8 in. porapak Q, 80/100 mesh

The chromatograph sampling system operates under vacuum
with a helium carrier gas. Component peaks are recorded
by a Houston Instrument #7302 omniscribe 1 mV recorder

complete with integrator.
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EXPERIMENTAL PROCEDURE

Prior to each run, the reactor system and the pre-
heated l1ines were dismantled, weighed and cleaned. This
was necessary to measure and remove the coke and pitch
produced in the previous run. The condensing system was
also weighed and cleaned before each run in order to
measure and collect the liquid products which condense
as a thick pitchy material in the collection flask. The
system was then assembled for operation and the preheated
furnace and soaker turned on. The pumps were adjusted to
certain flow rates. The start up motor o0il was used (with-
out any additives to heat the system. When the outlet
furnace temperature reachesvthe desired temperature, the
start up motor o0il is stopped and the crude 0il is allowed
to flow through the system for about twenty minutes. After
making sure the system has reached the steady state, the
timer is started and collection of the Tiquid and gas samples
is begun. During the runs we have to control the pressure
at 100 psi.

To conclude the experiment, the furnace should be
turned off before the water and o0il pump and electrical
equipment is turned off. The volume of oil and water
passed through the system is recorded and the gas sample

analyzed by conventional gas chromatograph procedures.
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Gas composition is calculated with the procedure described
by Young (10). The 1iquid received was tested for visco-
sity and pour point. The viscosity was measured by the

D-88 method and the pour point by the D-97 method.
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TABLE 6. CHARACTERIZATION OF FAREGH CRUDE OIL

Viscosity SUS at 100 °F
Pour Point °F

Wax Content of Stock
Gravity, API

ASTM Distillation D-86

IBP

5%
10%
20%
30%
40%
50%
60%
80%
90%
FBP

230
290
370
450
580
672
715
780
830
884
980

89.3

75

32.21 Wt.
30.5

%

30
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TABLE 6. CHARACTERIZATION OF FAREGH CRUDE OIL (cont.)

HYDROCARBON ANALYSIS FOR FAREGH CRUDE OIL

Component Mol % _WT.%
Hydrogen Nil Nil
Carbon Dioxide Nil 0.57
Nitrogen 1.27 0.42
Methane 54.87 10.33
Ethane 4.27 3.27
Propane 5.79 2.44
Iso-Butane 0.73 0.50
n-Butane 2.53 1.73
Iso-Pentane 0.50 0.42
n-Pentane 1.06 0.90
Hexanes 1.43 1.46
Heptanes Plus 21.42 77.41

100.00 100.00
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TABLE 7. CHARACTERIZATION OF AMAL CRUDE OIL

Viscosity SUS at 100 Of 90.2
Pour Point °F 67.5
Gravity, API 25.13

ASTM Distillation D-86

I1BP 154 °F
5% 202
10% 259
20% 350
30% 430
40% 512
50% 617
60% 667
70% 742
80% 808
90% 854

FBP 884
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RESULTS

A number of runs on heavy Libyan crude oils from the
Amal and Faregh fields were made to determine the effects
of the reaction variables on the viscosity and pour point
reduction. Three runs were made to check the reproduci-
bility of the system. Information on the reaction condi-
tions and corresponding product analysis$ are summarized
in Table 8 and 9,

Effect of Temperature

Temperature effects on the reactions were determined
by running tests at different temperatures in the range of
interest 650 °F - 850 oF, holding, the residence time in

the intermediate range of 1.7 to 6.5 minutes at a pressure

of 200 psi.
As shown in Figure 3 viscosity for Amal crude oil
decreases from 73.11 SUS at a reaction temperature 650 Of

to 25.01 SUS at 850 °F from original viscosity of 140 SUS.
At corresponding temperatures, Figure 4 shows that visco-
sity for using other Faregh crude oil decreases from 38.35
SUS to 24.5 SUS from original value of 110 SUS at 100 F.
Pour point for Amal crude as shown in Figure 9
decreases from 62.0 °F at reaction temperatures 650 °F to
42.5%F at a reaction temperature of 850 °F from original value

of 69.5 °F. The reduction in pour point for Faregh crude
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TABLE 8.
Run # . Time
Amal Crude Temp(oF) (min)
1 650 3.27
2 750 4.3
3 750 3.26
4 850 3.26
5 850 4.3
6 650 4.3
7 650 6.5
8 850 6.5
9 750 6.5
10 650 1.7
11 750 1.7
12 850 1.7
13 850 1.7
14 650 1.7
15 750 1.7

RESULTS

34

Viscosity Pour Point Water

. SUSs __
73.
40.
51.
38.
32.
46.
38.
25.
34.
77.
57.
40.
38.
55.
53.

11
20
32
13
41
23
06
01
15
12
10
54
12
0

2

(0

F) Ratio

62

52.
56.
54.
50.
55.
46.
42.
44.
68.
60.
57.
52.
66.
64 .

.0

O O O O 9w

30 0.025
20. 0.025
5 0.025
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TABLE 8. (CONT.)

Run # Time Viscosity Pour Point
Faregh Crude Temp (°F) (min) SUS (F)

16 650 3.26 38.35 71.0

17 650 6.5 32.0 65.0

18 750 6.5 27.0 57.0

19 850 4.3 28.21 55.0

20 850 6.5 24.5 46.0

22 750 4.3 31.50 61.0

24 750 3.26 33.12 66.0

27 650 4.3 35.47 68.0

31 850 3.26 30.80 63.0

35
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FIGURE 3

EFFECT OF THE REACTION TEMPERATURE ON THE
VISCOSITY OF AMAL, HEAVY CRUDE OIL
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FIGURE 4

EFFECT OF THE REACTION TEMPERATURE ON THE
VISCOSITY OF FAREGH HEAVY CRUDE OIL
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FIGURE 5

EFFECT OF THE RESIDENCE TIME ON THE
VISCOSITY OF AMALE HEAVY CRUDE OiL
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FIGURE 6

EFFECT OF THE RESIDENCE TIME ON THE
VISCOSITY OF FAREGH HEAVY CRUDE OIL
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0il as shown in Figure 10 is 25.0 °F from original pour

point of 75 Of,
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Residence Time

The effect of residence time within the reactor was
determined over the range of residence times from 1.7 to
6.5 minutes. As shown in Figure 5, viscosity for Amal
crude o0il decreases from 73.11 SUS at 3.26 minutes to
25.0 SUS at 6.5 minutes. For Faregh crude o0il the decrease
is ranging as shown in Figure 6 from 38.35 SUS at 3.26
minutes to 24.5 SUS at 6.5 minutes. Figure 7 and 8 show
at corresponding residence times, the pour point for both
Amal and Faregh crude o0il decreasing from 62.2 °F to 42.5 OF
and from 71.0 °F to 46.0 °F respectively.

Water Hydrocarbon Ratio

The study also included an injection of water to deter-
mine the effect of the water on the viscosity and pour point.
The ratio used was 0.025 distilled water/to 0il. As
shown in Figure 11, the viscosity decreases for Amal crude

0il from 55.0 SUS at 650 °F to 38.12 SUS at 850 °F while
without water injection, the viscostiy decreases from 77.12

at a reaction temnerature of 650 °F to 40.54 at 850 °F.

Severity Factor

The severjty factor is an attempt to combine the effects
of all the reaction variables on product compositions and
yields into one variable. The common form of the severity

factor for petroleum or shale oil (19) is:
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FIGURE 7

EFFECT OF THE RESIDENCE TIME ON THE
POUR POINT OF AMAL HEAVY CRUDE OIL

70.00

DEG. F

=)
~o
ol
Zlﬁ
*6 4
m —
ot
2 ] :
o @ Reaction Temperature 650°F
e 4 Reaction Temperature 750°F
3— & Reaction Temperature 850°F
o
<
8 1 T 1 T T T 1 1 T T T T T 1 T T T T T T T T T T |
2.0 6.0 7.0

4.0 5.0
RESIDENCE TIME ,MINUTE



T-2608

FIGURE 8

EFFECT OF THE RESIDENCE TIME ON THE
POUR POINT OF FAREGH HEAVY CRUDE OIL
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FIGURE 9

EFFECT OF THE REACTION TEMPERATURE ON THE
POUR POINT OF AMAL HEAVY CRUDE OIL

=
Q
O
I~
QT @ Reaction Time 3.26 minutes
bg A Reaction Time 4.3 minutes
& # Reaction Time 6.7 minutes
Q
=3
-
=
Zz
=
@)
Y -
o 1
o
[w]
2o
OI.O
o,
o
Q
3 1 T 1 T T T T T T T T T T T T T T T T T T i T T T T T ! 1
600.0 6 700.0 750.0 800.0 850.0 B00.0

50.0
REACTION TEMPERATURE,DEG. F



T-2608 47

FIGURE 10

EFFECT OF THE REACTION TEMPERATURE ON THE
POUR POINT OF FAREGH HEAVY CRUDE OIL
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FIGURE 11
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FIGURE 12

EFFECT OF SEVERITY FACTOR ON
THE GAS YIELD OF CRUDE OIL
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Reproducibility:

Possible errors encountered in the gas product analysis
come from those errors encountered in the gas chromatography
analysis and errors encountered in measuring the viscosity
and pour point. Two duplicate runs were made on each sample
to check for the deviation of viscosity, pour point, gas
wt.% of feed, solid wt.% of feed, and liquid wt.% of feed
for Run 1 were respectively 1.2%, 2.05%, 11.6%, 10.52% and
2.07%.

The duplication for Run 20 gave a percent deviation in
viscostiy, pour point, gas wt.%, solid wt.% and liquid wt.%

respectively 1.23%, 3.97%, 3.43%,5.5% and 4.11%.
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TABLE 10 REPRODUCIBILITY ANALYSIS.

Duplicate Runs

Amal Crude 0171

Viscosity at 212°F, second
Pour point FO

Gas wt.% of feed

Solid wt.% of feed

Liquid wt.% of feed

Faregh Crude 0il

Viscosity at 212°F, second
Pour point FO

Gas wt.% of feed

Solid wt.% of feed

Liquid wt.% of feed

Run 1 Run 2 % Deviation
73.11 75.02SUS 1.2
62.0 59.5 2.05
12.59 15.90 11.6
0.51 0.63 10.52
87.01 83.47 2.07
Run 20 Run 20R % Deviation
24.5 25.11 1.23
46.0 49.8 3.97
39.38 42.18 3.43
1.79 2.0 5.5
60.60 55.82 4.11
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CONCLUSIONS

1. The results of this present study of visbreaking
of Libyan heavy crude oils from Amal field and Faregh
field indicated a good method of lowering the visco-
sity and pour point. This process can be applied for
other feedstock, such as vacuum residuum and reduced
crude.

Results of this study also show that operation at
high residence times as well as high temperature gave a
good reduction of viscosity and pour point of these crude
0ils. The total reduction on viscosity for Amal heavy
crude o0il is 17.09 saybolt universal seconds at 650°F
and 65.19 SUS at 850°F. For Faregh crude o0il, the total
reduction is about 50.95 saybolt universal seconds at
650°F and 64.80 SUS at 850°F.

2. The reduction in pour point for both Amal and
Faregh heavy crude oil is 19.5 9F and 25 °F respectively
from the original pour point of 67.5 °F and 75 °F respec-
tively.

3. As the severity of operation increases, the pro-
duct of total volumetric gaseous increases.

4. Weight percent of feed converted to solid carbon
products increased for Amal crude oil from 0.51 wt% at

reaction temperature 650 °F to 1.71 wt% at 850 °F. For
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Faregh crude oil from 0.63 wt% at a reaction temperature
650 °F to 1.79 wt% at 850 °F.

5. Injection of water through the system has
gffg;t on viscosity of Amal crude oil. The change in
viscosity is 16.88 saybolt universal viscosity in seconds
at the reaction temperature range from 650 °F to 850 °F,
while the change in viscosity without injection water at
the same residence time and reaction temperature range is
36.58 saybolt universal viscosity in seconds.

The pour point change for Amal heavy crude o0il from
11.02 °F without water injection to 13.9 °F with water

injection.
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RECOMMENDATION

The present visbreaking unit can be improved in the
following manner to improve and decrease the plugging
problems.

Use high mass velocity through the visbreaker
heater coils to enhance the heat transfer rates and limit

the tube wall temperature to reduce coking rate.
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A.

Reactor Volume

4% 02 L = volume of reactor
% (0.5)" 46.63" = 9.15 cubic inch

Residence time

. reactor volume
total volume of oil flowed

Product gas composition
1. Chromatograph component area =

(Peak area) (attenuation)(response factor)
2. 100% methane calibration = (peak area) (1024)

3. Product mole fraction

Chromatograph component area
100% methane calibration

4. Normalized product gas mole fraction =

product mole fraction
16
r product mole fraction

5. Molecular weight of product gas =
16
¥ (molecular weight)(normalized mole factor)

6. Product gas mass at metered P and T =

(P/RT) (volume of product gas produced)
molecular weight of product gas

7. Gas weight % of feed =

product gas mass 100
man of oil flowed
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8.

Solid weight % of feed

solid mass

mass of oil flowe

q X 100

59
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