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pitches. To conditions of the recovery of gas cils in the vacuum distillation tower, these olefins undergo

oligomerization reactions, which produce sludge/polymers. The oligomerization reactions are favored
by high temperatures, increment in the times of residence, free radicals and metals that can act as catalysts. The
polymers are deposited in the Glitsch meshes and they become traps for the asphalt that are carried by the vapor
currents. As a consequence of this process, the free area of the meshes is decreased and the linear rates of the
vapors are increased. In time, an increment is registered in the pressure drops of the meshes as well as a growing
contamination of the gas oils. The experimentation demonstrated high solubility of the components that cause
this contamination. As a result of the study, a methodology for on-line tower clearing was put into practice and
the problem indicated was controlled.

T he increase in severity of visbreaking relates to an increase in olefin concentration in the visbreaking

Se implementa una nueva metodologia para lavar el empaque de la torre de vacio de una planta viscorreductora
evitando su ensuciamiento. El incremento de la severidad en la viscorreduccién conlleva a un aumento en la
concentracién de olefinas en las breas viscorreducidas. A condiciones de la recuperacién de gaséleos en la
torre de destilacién al vacio, estas olefinas se oligomerizan produciendo gomas. La reaccién de oligomerizacién
se favorece por las altas temperaturas, incremento en los tiempos de residencia, presencia de radicales libres
o de trazas de metales que pueden actuar como catalizadores. Las gomas se depositan en las mallas Glitsch y
se convierten en frampas para los asfaltenos arrastrados por las corrientes gaseosas. Como consecuencia de
este proceso, se va reduciendo el drea libre de las mallas y se incrementan las velocidades lineales de los
vapores. En el tiempo se va registrando un incremento en las cafdas de presién de las mallas y una creciente
contaminacién en los gaséleos. La experimentacién demostré una alta solubilidad de los componentes causan-
tes de este ensuciamiento. Como resultado del estudio se puso en prdéctica una metodologia de lavado en linea
de la torre y se controlé el problema enunciado.
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INTRODUCTION

The visbreaking process is based upon the thermal
breaking of the heavy hydrocarbons that make up the
bottoms of the barrel (Table 1) to obtain more valuable
products as naphtha, fuel oils and gas oils for the
subsequent catalytic upgrading of these distillates (Yan,
1987 and 1989; Dwijen et al., 1986; Cano et al., 1981;
Bravo y Campos, 1984; Kuo, 1984).

Table 1. Characterization of the visbreaking load

Property Vacuum bottoms
Density @ 288.6 K, (g/cm?) 0.989
Sulfur, (w %) 2.26
CCR, (w %) 18.98
Penetration @ 298 K (mm/10) 2.8
Softening point, (K) 330
Ni (kg/m?) 0.119
V (kg/m?) 0.343
VBN (viscosity blending number) 2.3

The visbreaking run length depends on the fouling
rates of the furnace and distillation towers Figure 1.
These rates are favored by the high severity of the
operation and content of asphaltenes in the feedstock.
During the length of the runs pressure drops (DP) are
registered at the inlet and outlet of the furnace and
distillation towers. In the visbreaking processes at
moderately high severity, as the ones described below,
the length of a run prior to the decoking of the furnace
is up to 365 days, while the cleaning of the vacuum
distiller is carried out every 120 days. When operational
problems, changes in the quality of the feedstock or
sudden operational changes arise, the length of the run
decreases forcing a cleaning of the towers every 90
days (Del Bianco, 1993).

PROBLEM DESCRIPTION

Unpredictable situations arise in some visbreaking
plants hindering normal operation and demanding an
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individual analysis in order to discover their influence
and effects on the plant. Some of these situations are:

Pressure drop increments (AP) in the furnace

They are caused by increments in the temperature
and/or time of residence (severity) of the operation,
and by the accumulation of mineral salts on the internal
wall of the tube, which progressively reduce its effective
diameter and also increase the roughness that acts as
a promoter for coke deposits.

The severity is controlled by means of the Merite
test (Kuo, 1984), on a 0 — 10 scale, trying to run the
furnace so as to obtain a 6.5 - 7.5 interval (Figure 2).
For the Merite test, 2 g of visbreaking pitch are dissolved
in 110> m? (10 ml) of a solvent mixture composed by
o-xylene and i-octane. A drop of this solution is depo-
sited on filter paper where it spreads forming one or
two concentric circles. The value of this test corresponds
to the proportion of o-xylene in relation to the mixture
that blurs the internal concentric circle (Figure 3). The
ideal value of the Merite test is 7 or 70% o-xylene. A
higher value indicates overcracking of the vacuum
bottoms in the furnace tubes. On the other hand, a lower
one indicates mild cracking.

Additionally, the severity is controlled by the stability
factor (Kuo, 1984) and by the coking index. This index
is obtained by dividing the pressure drop (Pa) by the
load flow (m3/h). The coke formation is controlled by
means of the usage of additives such as the AVB-95
developed by the Instituto Colombiano del Petroleo that
can reduce coke formation up to 48% (Carrillo and
Pantoja, 1998).

Increments in the pressure drops (AP) of the towers

They are caused by the fouling of the first fractio-
nating trays or of the Glitsch mesh beds as the run
advances Figures 4 and 5.

The fouling increases in the trays or beds closer to
the bottom of the columns. As the run advances, nickel
(N1), vanadium (V) and Conradson Carbon (CCR) con-
centration increases in gas oils because the flow is
channeled causing an increase in the speed of the
vapors that favor the entrainment of volatile materials
Figure 6.

This fouling is caused mainly by:
- Entrainment of asphaltenes and resins from the area
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Figure 2. Temperature in the two booths of the furnace and merite test of run 40

of instantaneous vaporization (flash area).

Formation of rubbers as a result of the reactions of
oligomerization of olefines present in the products
of the reaction (Zanotti and Magri, 1997).
Entrainment of solids together with the cycling gas
oils due to detachments of coke from the Glitsch
mesh, which arrive to the downcomer of gas oils
feeding the cycling pump.

In the case of the vacuum tower, the critical fouling
point corresponds to the Glitsch meshes closer to the
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bottom. At this point, the DP is 0.33 kPa (2.5 mmHg)
at the beginning of the run increases to a 5.08 kPa
(38.1 mmHg) value (Figure 4). When the maximum
allowed pressure is reached, the operation of the tower
is stopped in order to clean the tower. At this time, the
contamination of the gas oil exceeds the values allowed
for nickel, vanadium and CCR.

The first tray is provided with a cleaning system
whose effectiveness and coverage is controlled through
dispersion mouthpieces and through their location in
relation to the tray. The liquid used for the cleaning the
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Figure 4. Pressure drop in the bed 17 of the VRT-3 vacuum tower

first bottom tray is a heavy oil. As the run advances,
the mouthpieces clog partially and the coverage drops
below 70%, a situation that facilitates the deposition of
resins and asphaltenes on the grills of the Glitsch trays
increasing the AP. The flow through the cleaning
mouthpieces is controlled according to the recommen-
dations of the makers of the outlets selected for each
tray (Koch Engineering and Spraying System) and
ranges between 1.4-104 m3/m?2s and 4.1-104 m3/m?s.
The compliance with this requirement is verified during
the inspection of the tower Figure 7.

The cleaning oil, with an olefin concentration of
about 50% in weight (Koch Engineering and Spraying
Systems) due to its visbreaking product properties, has a
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sharp polymerization tendency. This tendency increases
as the paraffin content of the feedstock increases. The
oligomerization not only affects the fouling of the Glitch
tray, but it also increases the viscosity of the visbreaking
bottom, thus demanding larger quantities of diluent for
the fuel oil preparation causing an economic strain.

It 1s therefore advisable to control the conditions
favoring oligomerization. Some of these factors are:

- Catalysts. The oligomerization reactions can be
homolytic (by means of free radicals) or heterolytic
(by means of catalysts). Temperatures of about 613 K—
630 K (340°C - 357°C) can be found under the
operating conditions of the vacuum tower bottoms.
At these temperatures, the thermal bond rupture
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Figure 6. Metals in heavy vacuum gas oil (HGO)

reactions are slow. However, it is accepted that at
623 K (350°C), thermal decomposition of the barrel
bottoms begins therefore, this temperature is the
maximum permissible one for the distillation. This
thermal decomposition of the hydrocarbons is so
negligible that is not expected to contribute in the
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formation of coke, nevertheless, it is a source of
free radicals. The oligomerization reactions by heter-
olytic mechanisms are catalyzed by the iron and the
transition metals such as nickel and vanadium
present in the reaction (Fred and Patrick, 1988).
The iron catalyzes the decomposition reactions of
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Figure 7. Field test to check efficiency of the laundries

the peroxides and increases the speeds of the Diels-
Alders reactions, which generate the initiators of
the free radicals.

Oxygen content. The oxygen present in the feed-
stock causes the formation of peroxides, which that
initiate fouling even at relatively low temperatures
(Yan, 1987).

Temperature. Temperatures ranging from 273 K
(0°C) to some hundreds of degrees centigrade fa-
vor the initiation of the oligomerization reactions.
The condensation reactions, which are responsible
for the coke formation, present high activation energy
(63.9 kcal.mol'!). As a consequence, these reactions
accelerate as the temperature increases (Fred and
Patrick, 1988).

Residence time. The molecular mass growth in
the products of the reaction is favored by the incre-
ment in the time of residence, which is directly
proportional to the diameter of the heavy oil recircul-
ation line and to the level of the chimney plate.

Cleaning of the trays. The hydrocarbon vapors
can drag some porphyrin asphaltenes that have a
certain volatility as well as resins and light rubbers
from olefin polimerization. These substances are
dragged as tiny drops that stick to the Glitsch tray
and as the run advances, the quantity of rubbers in-
creases reducing the free area of the mesh. The asphal-
tenes dragged by the vapors are caught by the resins
forming a mortar similar to cement. In time, this mass
becomes the mesophase (incipient coke), which hard-
ens progressively. A faulty cleaning of the trays is
the main cause for the presence of oligomerization
reactions. This faulty cleaning can be caused by:

- Operation under cycle oil flow rates below the
conditions required to guarantee a total and even
coverage of the channel or with cycle oil flow
rates above the maximum allowed for the mouth-
pieces that causes excessive cloudiness, dragging
of liquids towards the upper meshes and loss of
cleaning efficiency.

- Use of mouthpieces below specifications causing
conditions of excessive cloudiness before reaching
the minimum flow required to obtain an appro-
priate cleaning of the meshes.

- Mistakes in the design or installation of the cycle
oil flow plate.

Additives such as alkylsuccinamides for naphtenic
crude oils and pyrocatechol byproducts for all types of
crude oils are utilized to control the polymerization reac-
tions. These substances not only serve to block the poly-
merization reactions, but also reduce the production of
asphaltenes allowing larger conversions.

ANALYSIS OF RESULTS

Pilot plant tests.

Two pilot plant tests were carried out to obtain a
better understanding of the coking phenomenon of the
distillate column beds. The industrial plant conditions
were simulated for the operation with three-minute
residence times, as well for sudden shutdowns caused
by electric failures that cause a 24-hour residence period
Table 2.

In both simulations a reduction in the contents of
saturates and aromatics as well as an increase in the
concentration of resins and asphaltenes was detected.
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Table 2. SARA results of the simulation of the heavy oil laundry reactivity.

Simulation of normal operation Simulation of a plant stop
HGO
Normal,t =180s, T =623K t = 24 hours

Load Residual prove 1 A% Residual prove 2 A%
Saturates (w %) 36.2 355 1.9 20.4 -56.4
Aromatics (w %) 49.0 47.5 30 479 -2.2
Resins (w %) 14.0 152 7.0 19.9 42.0
Asphaltenes () 0.8 11 38.0 8.4 840.0

These changes are dramatic for the simulation of a
sudden stop of the plant for 24 hours and indicate the
presence of an olefin oligomerization reaction.

The results shown in Table 3 indicate that after the
normal cleaning of the tower, there is 33% w — 56% w
of toluene solubles and between 52% w — 65% w
toluene + N-methyl-pyrrolidine (NMP) solubles in the
coke.

The SARA analysis of the cleaning oil subjected to
the simulation of operation conditions in the industrial
column has a composition similar to that of the solubles
from the coke removed from the Glitsch meshes, thus
confirming that the clogging of the Glitsch mesh is mainly
caused by olefin oligomerization, which in turn has an
effect on the concentration of resins and asphaltenes.

Industrial test

The quantity of soluble material in the coke from
the industrial tower was verified after shutdown and
cleaning to begin the maintenance procedures (Table 3).
The smaller quantities of resins and the larger con-
centrations of asphaltenes in the meshes in regard to
the filters are an indication of their evolution towards
asphaltenes during the run (Figure 8). In both simula-
tions, similar quantities of gases (0.5% w), light products
(0.6% w - 1.0% w) and medium distillates (1.5% w -
2.0% w) were produced (Table 4).

Based on the information given above, the following
changes were considered to control the coke formation
mechanisms during the second half of run 40B in the
visbreaking plant at Ecopetrol’s refinery in Cartagena:

Table 3. Analysis of the taken coke of the Glitsch meshes and of the strainers of the bombs

Mesh 17
Solubles in toluene (w %) 33.0
Solubles in toluene + NMP (w %) 52.0
SARA (w %)
- Saturates 3897
- Aromatics 49.7%**
- Resins 5
- Asphaltenes 6.2

Mesh 18 Filters P-8* Filters P-8**

56 42.0 33
65 54.0 50

35.4
49.7
14.3

0.6

* Mandatory stop

** Stopped by maintenance after applying operation washed inside the operation.

*** Analysis of total composition for chromatography
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Figure 8. Arrangement for the periodic laundry of the bottom beds.

New line

To set up a cleaning line for the bottom tray with
light vacuum gas oil from the same tower. This line
is showing in Figure 9. The purpose of this arrange-
ment is to have easy access to a clean and light
aromatic solvent to clean the tower every two weeks.
With this arrangement, the coke from the Glitsch
mesh is sent to the bottoms with the quench of the
feedstock

To increase the cleaning flow for the bed from the
381 m3- 636 m? interval to the 668 - 986 m? interval.
According to the field tests, mouthpieces with a
0.00254 m diameter guarantee even coverage of
the mesh hindering oligomer deposition. The flow
control restriction plate was recalculated for this
purpose.

With the implementation of these changes, the

operation of the plant was optimized under the following

The line in blue was traced for the proposed objective. -

factors:

Conversion was kept at 38% (typical value 39%).

Table 4. Distillation of the products of the operational condition
simulation to which it was undergoes the cleaning heavy oil.

Recovered oil
% 1BP
1
5
10
15
20
30
40
50
60
70
80
85
90
95
FBP

Temperature, K

Heavy oil (load)

641.6
666.7
724.3
743.2
760.6
770.3
783.6
795.1
804.8
814.2
824.8
837.4
8451
856.0
875.6
937.8

Lights Distillated
307.5 390.4
309.3 408.7
340.5 462.1
357.5 499.3
369.9 5266
374.9 546.7
392.8 586.2
4038.4 617.7
416.7 646.8
426.8 673.7
441.0 698.9
4549 726.0
467.6 740.6
482.3 757.6
5071 7772
581.6 825.4
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Figure 9. Gas oils and pitch yield.

- Heavy gas oil contaminants remained within the
interval allowed: Ni < 6-:10-3 kg/m3, V < 5-10-3 kg/m?
and CCR < 0.5% w, with lower values in comparison
to run 40A.

- The inspection carried out at the end of the run
showed no clogging of the mouthpieces, an unprece-
dented fact since normally two out of seven get
clogged.

- The first Glitsch mesh bed was filled up to 50% with
coke in its lower section, which rose to the upper
section of the mesh forming small mounds in areas
not covered by the mouthpieces. This coke has a
porous and fragile appearance. The second Glitsch
mesh bed was filled up to 40% with coke in its lower
section. When comparing the fouling pattern of the
Glitsch meshes against the reference runs, we find
that the quantity of coke showed a 60% decrease
in the first bed and that a porous, fragile and easily
removable coke had formed instead of a bituminous
and soft one. It is necessary to consider that run
40B was prolonged for more hours than run 40A.

- The AP of the vacuum tower that normally started
a sudden increase after 50 days remained constant
up to 80 days at 2,4 kPa (18 mmHg). From day 80
to 110, the DP increased and reach to a permanent
value of 3,3 kPa (25 mmHg) until the end of the run
at day 145.
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CONCLUSIONS

The pressure drop in the Glitsch meshes are caused
by the formation of sludge that stick to the meshes
and to the deposition of asphalts.

The oligomerization reactions are favored by long
residence periods, high temperatures, and the pres-
ence of metals that act as catalysts as well a faulty
cleaning of the Glitsch meshes.

The cleaning of the meshes controls the formation
of rubber as it dissolves them thus decreasing the
pressure drops and the contamination of the gas oils.
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