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Abstract
The occurrence of flooding phenomena (FP) on the vacuum distillation trays column (VDTC) is investigated on a refinery 
in the middle region of Iran. Accumulation of coke sediment that is occasionally observed in refinery processing using 
coal tar (CT) feeding is the main reason of the FP on VDTC. This usually occurs at the down-comer areas and the seal pans 
of the column. Quinolone insoluble (QI) and toluene insoluble (TI) parameters, two routine methods used to measure 
coke containing sediments, are employed to determine probable critical areas of FP at the down-comers and the seal 
pans of CT feed in this study. Analyzing the obtained results of QI and TI tests demonstrated that FP at the column is 
directly related to the quality of CT feeding. For instance, when the QI of the inlet CT in battery 1 increases from 0.56%W 
in the first sample to 6.5%W in the 25th sample, the vacuum pressure at the top of the distillation column is reduced from 
− 230 mbar to − 420 mbar. To prevent sediment accumulation of coke and the occurrence of FP, the CT feeds are centri-
fuged to reduce coke sedimentation at the down-comer areas and the seal pans of VDTC. Moreover, the seal pan trays 
are replaced by normal ones and all moveable valves with 25 mm diameter on trays 15 and higher in the column, where 
coke sediment accumulation is observed the most, are modified by installing wider fixed valve (40 mm diameter) trays.
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1 Introduction

Flooding phenomena (FP) is an abnormal problem in the 
separation of products in refineries [1–3]. The FP occurs 
inside the distillation column when the volume of the 
stream of vapors that travel up and liquids flow down do 
not equalize and the balance of mass transfer on trays is 
disrupted. Vapor/liquid contact is facilitated in the trays 
of the distillation trays column (DTC). In other words, the 
equilibrium between liquid evaporation and vapor con-
densation is balanced using the trays [4, 5]. There is a 
simple rule that should be obeyed for the design of any 
distillation column; the stream vapors traveling upward 
and the liquids leaving downward from each tray of the 
column, must be equal. Any reasons that cause high liquid 
loads in trays will increase the risk of FP and negatively 
affect the performance and maximum capacity of the 
column. Indeed, during FP on the DTC, liquids are heavily 
accumulated in trays and prevent the vapors from trave-
ling upward in the column [1–3]. FP is generally caused by 
spray entrainment flooding and froth entrainment flood-
ing mechanisms. Those mechanisms may occur through 
down-comers malfunctioning and design defects in large 
diameter columns [1]. The occurrence of FP on the vac-
uum distillation trays column (VDTC) is also revealed by 
increased pressure inside the column which significantly 
decreases the purification efficiency of products [3]. A 
method for detecting flooding in a distillation column was 
invented by Pihlaja and Miller and the required devices 
were made to detect the differential pressure signal, filter 
the signal, and indicate the flooding generated in the dis-
tillation column [6].

The packed distillation column (PDC) is a common ben-
eficial distillation setup that can be used instead of the 
tray distillation method to improve the separation yield 
of isotope components in a fluid mixture. The advantages 
of PDC in comparison with VDTC are that more vapor/liq-
uid contact, as well as offering a lower pressure drop for 
a better separation in a distillation column. The essential 
difference between these separation methods is that the 

vapor/liquid contact in a PDC is continuous, rather than 
stepwise, as in a VDCT.

The computation and modeling of the fluid behavior 
inside PDCs have been reviewed by Amini and Nasr Esfa-
hany [7]. The wire gauze structured packing, as an efficient 
system to evaluate the performance in distillation column, 
was carried out to study the mass transfer characteriza-
tion in a PDC [8–10]. The influence of the application of 
nano-refrigerant particles was investigated on the mass 
fraction, flow rate, vapor quality parameters and boiling 
heat transfer coefficient within flattened pipes in a fabri-
cated experimental system [11]. Additionally, application 
of nanoparticles with the goal of enhancing heat transfer 
in an energy storage unit was studied [12].

Coal tar (CT) is a black, high-viscosity liquid that is a 
byproduct of coke processing via natural coal (2–8%W 
water content) heating processes in steel plants [13–16]. 
To coke the coal, natural coal is heated inside a special 
reactor, called a battery, at 1100–1200 °C for 15 h under 
an Argonne atmosphere. The CT vapors (300–350 °C) are 
vacuumed by liquid ring pumps and condensed as a liquid 
product. The coking unit of the Esfahan steel plant fac-
tory is the source of the raw CT used for the VDTC of the 
refinery. There are several properties of crude CT including 
density and water percentage, that should be considered 
for the use of CT as a raw material in industry as well as 
the distillation process. Those mentioned properties are 
characterized and monitored by the quality control lab of 
the steel plant at the beginning and before storage in sup-
ply tanks [17–19] of which, some significant properties and 
their acceptable ranges of the crude CT are reported in 
Table 1 and compared with the National Iranian Oil Com-
pany standards for the crude oil feed [20].

The composition of CT contributes heavily to the qual-
ity of the CT that is used in industry. Therefore, CT prod-
ucts may be classified into different grades based on their 
chemical contents and the density of the crude CT. Accord-
ingly, four different grades of CT are produced by coking 
unit of the Esfahan steel plant factory that is used as inlet 
CT feeds of the refinery as listed in Table 2.

Table 1  Properties of crude 
coal tar as a product of the 
coking unit of the Esfahan steel 
plant factory in comparison 
with the National Iranian Oil 
Company standards for the 
crude oil feed using in the 
refinery and their acceptable 
ranges

Properties of crude coal tar feed Characteristics Properties of crude oil feed Characteristics

Uniformity No separation Uniformity No separation
Density at 25 °C 1200–1600 kg m−3 Density at 15 °C 856.8
Residues by evaporation > 47%W Sulfur content 1.46%W
Water content 1–5%W Water content < 0.5%V
Residues weight loss < 10% W Wax content 4.8%W
Solubility of residues in  CS2 > 20%W Asphaltene content 1.6%W
Ash content of residues 30–40%W Metal content < 60 mg  Kg−1

Drying time film (firm set) < 8 h Vapor pressure 895 psi
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The water content and the density are two extremely 
important properties of the crude CT that must carefully 
controlled before any usage as an inlet feed of refinery. 
Acceptable ranges of those important parameters have 
been defined by the refinery designer company through 
the American Society for Testing and Materials (ASTM) 
and other standard methods. The mentioned acceptable 
ranges of density and water percentage of crude CT for the 
refinery are 1100–1250 kg m−3 and 1–3%W, respectively.

Due to the risk of explosion, the excess water of out-
of range CT must be eliminated before distillation in the 
column. To reduce the water, crude CT is pumped to the 
dehydration unit which converts it to the suitable CT. 

Another important property for crude CT is coke content. 
The presence of insoluble particles in crude CT is the main 
reason for sediment accumulation on trays. The particles 
precipitate specifically on seal pan areas and the down-
comers of the column.

Determining quinoline insoluble (QI) and toluene 
insoluble (TI) parameters are two common experimental 
methods to control the capacity of insoluble particles in 
crude CT [13–15]. Moreover, the measurement of the cok-
ing value (CV) factor is a well-known test that is usually 
employed to determine the amount sedimentation of coke 
for crude CT [21–23].

For reducing the sedimentation of unreacted natural 
coke and values insoluble particles of CT, out-of range 
crude CT liquid is transferred to a mechanical filtering 
process unit. Figure 1 reveals the flow transferring process 
from the CT vapor to the distillation column using a filtra-
tion centrifuge process [24–28].

Due to the thermal cracking of high molecular weight 
components that are present in CT [29–31], the distillation 
process is accomplished under vacuum below 300 °C. The 
advantages of vacuum distillation processing are increas-
ing relative volatilities at lower pressures and reducing the 
temperature requirement at lower pressures in the system 
[32, 33].

The CT feeds to the VDTC from E position on tray num-
ber 15 at 110–120 °C (Fig. 2). While, the CT temperature at 
the bottom of VDTC is designed for 231.7 °C (T position), 

Table 2  Classification of coal tar product of the Esfahan steel plant 
factory based on chemical contents (in %W) and density (in Kg 
 m−3) that as used inlet feeds in the refinery

Properties Coal tar classification

Grade-1 Grade-2 Grade-3 Grade-4

Density (Kg  m−3) 1163 1203 1205 1231
Water content (%W) 2.4 2.7 1.4 1.1
Light oil (%W) 4.6 2.03 3.12 1.63
Creosote oil (%W) 1.26 0.5 0.29 0.34
Heavy oil (%W) 22.81 16.4 25.09 19.23
Naphthalene (%W) 6 Trace 0.2 1.72
Anthracene (%W) 0.6 Trace 0.19 0.24

Fig. 1  Storing a coal tar liquid with an acceptable insoluble particles value (pathway 1) and an out-of range crude tar liquid after a centrifug-
ing step (pathway 2) in a coal tar tank
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CT has been pumped to H heat exchanger through P cen-
trifuge pumps [34–36] to H heat exchanger and it heat up 
to 250 °C [37–40]. The Shell & Tube condenser A [41–44] 
condenses the CT vapors to CT liquid by injecting fresh 
water at D position. Critical pressure condition of column 
is designed for -390 up to -420 mbar. The vacuum pressure 
is controlled at C position of the VDTC that provides by F 
liquid ring pumps [45–48]. The output product of distilla-
tion exits from B position of the VDTC.

2  Methods

2.1  Quinoline insolubility parameter

Based on ASTM (D 2318-15) and ANSI/ASTM (D 4746-
1998) standards, approximately 1.5 g of CT is poured into 
an Erlenmeyer flask and dissolved with 50 mL quinoline 
[49, 50]. The collection is then placed in a Binder model 

oven Fig. 3a at 80 °C for 20 min. Following weighting CT 
and quinoline samples from the oven is poured onto filter 
paper (Watman number GF/C, 70 mm) and connected to 
a round-bottom flask under vacuum (Fig. 3b). In principle, 
the vacuum conditions speed up the sedimentation of the 
sample on to the filter paper and will increase the filtration 
process efficiency. After filtering the sediment, they are 
oven heated at 110 °C for 2 h and weighed when cooled.

2.2  Toluene insolubility parameter

Experimental testing of insolubility of toluene in CT, in 
accordance with ASTM (D 4072-98) and ANSI/ASTM (D 
4072-98) R2004 standards, is likely to be insoluble in qui-
noline. At first 2 g of CT and 100 mL of toluene is poured 
in the Erlenmeyer flask and left in the oven for 30 min at 
150 °C [51, 52]. Also, the cooling time decreased from 2 
to 1.5 h. Equation (1) is used to determine the insolubility 
parameters of the CT in quinoline and toluene.

w1, w2, and wt introduce initial weight of filter paper, filter 
paper and sediment weights, and the initial weight of CT 
in %W, respectively.

2.3  Coking value factor

According to ISO (6998-97) standard, the amount of CT 
(2 g) is poured in crucible which is a weighted and placed 
in the preheated oven, then placed in a small nickel cruci-
ble. The sides of crucible are filled with coking particles to 
properly direct the heat off the furnace of crucible body 
and prevent thermal mutation error. Crucible with the 
small nickel crucible is placed in an electric heat furnace 
at 550 °C for 2.5 h (see Fig. 3c). Then the small nickel cru-
cible and crucible is removed from the electric furnace. 
After cooling, the crucible containing coke particles also 

(1)Insolubility Parameters =
W2 −W1

Wt

× 100

Fig. 2  Schematic of vacuum distillation tray column on a refinery in 
the middle region of Iran

Fig. 3  Equipment used to measure the insolubility of CT in quinoline and toluene and coke value; oven modeling Binder (a), equipment of 
vacuum package included round-bottom flask and vacuum pump (b), electric heat furnace (c)
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weighed [53]. Equation (2) is used for determining of CV 
in CT.

In the equation above w2 is the weight of crucible and 
the coking particles involved, w1, is the initial weight of 
crucible where wt is the initial weight of CT (%W). The 
approved ranges and related standard measurement 
methods for QI and TI parameters and CV factor are pre-
sented in Table 3.

Figure 3 shows the laboratory equipment used in this 
study to measure the insolubility of CT in quinoline and 
toluene and CV:

3  Results and discussion

3.1  Analysis on data of coal tar quality 
determination

Data from recorded values for QI, TI parameters in CT and 
CV factor of before and after centrifuging [22–28] are col-
lected in period of receiving coal feed inlet to distillation 
column in the years 2017–2018 was gathered (Table 2). 
These results are for two different feed samples of differ-
ing quality classified as received from batteries 1 and 3 of 
the steel plant. In general, the feed quality received from 
battery 1 was always higher than that of battery 3 of steel 
plant. The difference in feed quality depends on to the 
heating conditions of coal and the condensation of vapors 
of CT [17–19]. The type of coal used in the steel plant was 
constant during this period.

In order to analysis the effects of using centrifuges 
for the feeding of CT on the VDTC, the recorded data in 
Table 4 are plotted in Fig. 4. The variation of QI, TI, and CV 
parameters belonging to each sampling number, before 
applying a centrifuge step on the feed to the distillation 
column, shown in diagrams (a), (b), and (c) of the figure, 
respectively.

It can be seen from Fig. 4 and Table 2 in diagrams (a, b, 
and c) from samples 1 to 7, the parameters of QI, TI, and 
CV for CT feed have been placed in suitable bounds which 
indicates the received CT quality from the steel plant is 

(2)Coking Value =

W2 −W1

Wt

× 100

proper. Thus, it is obvious that the received CT feed of bat-
tery 3 lower quality than battery 1. In sample number 8, 
a significant increase in weight percent of quinoline and 
toluene insolubility parameters and CV were observed. 
In particular, the slope of the increasing trend was more 
noticeable for the insolubility parameters of quinoline and 
toluene. This increase in weight percent (%W) in insolu-
ble sediments is more significant for the insolubility index 
of toluene than quinoline. Lower quality of CT feed inlet 
to distillation column from battery 3 of steel plant, due 
to sudden jump of these indices between sample 7 and 
8. The upward trend of these indices in samples 8 to 15 
continues, with samples above 30 likely to have the distil-
lation column near critical conditions. Thus, the distilla-
tion column was shut down in sample 25 and put out of 
service (overhaul). During the six-month overhaul period, 
the distillation column of 25 samples of CT feed to the 
refinery were carried out in depot storage tanks. During 
this period, CT storage tanks were sampled at 4–day inter-
vals. The samples were centrifuged at a speed of 2000 rpm, 
equivalent to the operating conditions of the centrifuge 
used in the refinery [24–28] After performing a centrifu-
gation step in the laboratory, the insoluble parameters of 
quinoline and toluene solvents and the coke content in 
the depot CT feed from batteries 1 and 3 were determined, 
the results of which are shown in Fig. 5.

Consequently, after centrifuging at 2000 rpm on the CT 
feed to the distillation column, it was observed that the 
insolubility parameters of quinoline solvent and toluene 
solvent in CT and the amount of CV, in diagrams (a, b, and 
c) of samples 26 to 38, had a noticeable decreasing trend 
and are in the permissible range again.

3.2  Select the suitable tray in vacuum distilled 
column

During the overhaul process, intense accumulation of coke 
containing sediments was observed in the distillation col-
umn. However, the bulk of these sediments accumulated 
on trays number 11 and above, especially in the down-
comer and seal pan areas of the trays [4, 5]. The accumula-
tion of coke containing sediments on tray 22 indicated the 
intensity of coke deposition in the movable valves of the 
seal pan tray, which is illustrated in Fig. 6a, b.

Due to the over accumulation of coke containing sedi-
ments in the tray valves, Fig. 6a, b seal pan areas observed 
during the overhauling of the distillation column, changes 
to the tray designs were decided upon. For this purpose, 
to minimize sediment accumulation, the first removable 
tray valves with fixed valves, having the highest resistance 
to deposition, were replaced. In addition, the diameter of 
the valves also increased from 25 mm to 40 mm to mini-
mize the accumulation of sediments, this also facilitates 

Table 3  Approved ranges for quinoline insoluble and toluene insol-
uble parameters and coking value factor

Quinoline 
insoluble (QI)

Toluene insolu-
ble (TI)

Coking value 
(CV)

Approved range 
(%W)

1–10 3–15 18–25
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Table 4  Recorded data for the insolubility of quinoline solvent, toluene solvent in coal tar for batteries 1 and 3 and coke value factor within 
2 year

Battery 1 Battery 1 Battery 3 Battery 3

Sample QI %W TI %W CV %W Sample QI %W TI %W CV %W Sample QI %W TI %W CV %W Sample QI %W TI %W CV %W

1 0.56 1.5 19.3 20 4.5 8.5 29.2 1 1.2 4 23 20 15 19.54 32.5
2 0.86 1.4 19.5 21 5 8.43 28.7 2 1.6 4.6 22.3 21 14.95 19.2 33.6
3 0.6 1.49 19 22 5.3 9.23 29 3 1.5 4.95 20.5 22 14.6 20.1 32.9
4 0.6 1.6 19.6 23 5.7 9.5 29.3 4 1.65 4.31 21.42 23 15.1 23 33.7
5 0.6 1.9 20 24 6 10.3 29.8 5 1.55 4 22.2 24 14.35 23.1 33.5
6 0.55 2.1 20.6 25 6.2 9.8 28.1 6 1.36 4.6 23.1 25 14.95 24.5 35.6
7 0.43 1.85 21.3 26 6.5 8.7 28 7 1.5 5 21.8 26 14.56 26.2 36.9
8 0.8 1.69 21.9 27 4 6.5 22 8 2 4.46 22.5 27 13.31 25.6 37
9 0.9 2.6 22 28 3.8 7.2 19.7 9 2.5 12.5 23.6 28 13.65 18.65 25
10 1.8 4.5 23.3 29 3.2 6.32 19.5 10 4.5 15.23 27.6 29 12.95 15.33 24
11 2.7 5.9 23.5 30 3.1 6 19 11 6.42 16.2 27.1 30 11.22 14.26 23
12 2.9 6.2 22.9 31 3 5.82 17 12 8.6 15.99 26.9 31 10.1 12 22
13 3.2 6.1 23 32 2.5 5.6 17.2 13 9.6 16.23 27.5 32 8.36 11.54 21.5
14 3.1 6.44 26.9 33 2.6 4.26 16.9 14 13.33 15.93 28.1 33 7.1 10.8 21
15 3.5 7.35 28.3 34 2.1 4.54 16.8 15 14.5 16.35 28.1 34 7 6.5 21.2
16 4.5 8.45 27.5 35 1.4 3.5 16 16 14.53 18 29 35 6.36 5.2 21
17 4.1 8.51 28.9 36 1.1 2.3 15.4 17 15.22 17.95 28.7 36 5.23 5.1 21.5
18 4.8 8.1 28.8 37 0.9 2.1 15 18 14.9 17.6 29.3 37 2.3 4.8 20
19 4.6 8.36 29 38 0.85 2 15.1 19 15.21 18.56 30.1 38 2.1 4.8 20.5

0
2
4
6
8

10
12
14
16

1 5 9 13 17 21 25

Battery 1
Battery 3

Q
I (

%
W

)

Sample number

a

0

5

10

15

20

25

30

1 5 9 13 17 21 25

Battery 1
Battery 3

T
I (

%
W

)

Sample number

b

15

20

25

30

35

40

1 5 9 13 17 21 25

Battery 1
Battery 3

C
V

 (%
W

)

Sample number

c

Fig. 4  The parameters of quinoline insoluble (a), toluene insoluble (b) and coking value (c) in entrance coal tar feed to distillation column 
for batteries 1 and 3 in 20 days
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passage of the vapor phase through the liquid phase 
(Fig. 6c). Observations made during the overhaul revealed 
that one of the main factors for sediment accumulation on 
distillation trays, the input feed CT is capability for forming 
sediments is the seal pan in the down-comer area. In fact, 
the 30 mm depth of the seal pans Fig. 6b was a suitable 
place for sediment accumulation. Figure 7a shows the dif-
ference between a seal pan tray and tray without seal pan 
Fig. 7b in the formation and accumulation of coke contain-
ing sediments.

In the new design, the trays used to minimize the accu-
mulation of coke containing sediment were removed from 
the seal pan tray. In case of accumulation of sediments on 
the tray, the flow of liquid downstream would wash the 

sediments away. This way the duration of overhaul will be 
greatly reduced. After 6 months of working with the dis-
tillation column with the corrections made, the vacuum 
pressure top of the distillation column was again in the 
range of − 390 to − 420 mbar. Meanwhile, the vacuum 
pressure top of the distillation column was reduced to 
-230 mbar prior to the before making the above-men-
tioned corrections.

After completing the overhaul operation on the vac-
uum tray distillation column and replacing trays without 
seal pan instead of seal pan trays while also increasing 
tray diameter from 25 to 40 mm, it was decided to be in 
service three months later. Taking the distillation column 
data on vacuum pressure recorded above the tower and 
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Fig. 5  Parameters of quinoline insoluble (a), toluene insoluble (b) and coking value (c) measured in depot coal tar feed from batteries 1 and 
3 after applying a centrifuge step in the laboratory for 4-days

Fig. 6  Tray number 22 vacuum distillation column with 30 mm depth and 25 mm diameter movable valves (a, b), new design on tray num-
ber 22 by removing seal pan and inserting 40 mm diameter fixed valves (c)
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comparing them with the values recorded before the over-
haul operation. The decision was made 3 months after the 
distillation column was put into service, vacuum pressure 
data from the top of the column is recorded and compared 
with those recorded before the overhaul operation. For 
this purpose, using the data recorded in Table 3: Fig. 8a for 
vacuum pressures recorded after correction and centrifug-
ing process on the CT feed inlet to the distillation column 

and Fig. 8b for vacuum pressures recorded before over-
haul operation was drawn. The comparison between the 
two graphs shows how vacuum pressure drops at the top 
of the distillation column range from − 400 to − 230 mbar 
due to the heavy accumulation of coke containing sedi-
ments on the trays Fig. 8b. and then how to improve vac-
uum pressure from − 240 to operating range − 410 mbar 
shows due to the necessary modifications 3 months after 

Fig. 7  Demonstrate the 
movement of the liquid phase 
downward and the vapor 
upward in the distillation 
column and how coke contain-
ing sediments accumulate on 
the seal pan trays (a) and no 
accumulation of sediment on 
the trays without seal pan (b)
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and the centrifuge process on coal tar feed (a, b). Reduction of TI, 

QI and CV parameters after centrifugation on feed coal tar inlet to 
distillation column over 9–day intervals (c)
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the distillation column was put into service, which resulted 
in a significant decrease in sediment accumulation Fig. 8a.

On the other hand, in the 10 cases sampled (50 to 60) 
during the 3 months after the overhaul operation, as well 
as one centrifugation step on CT feed to distillation col-
umn, the method to reduce the insolubility parameters 
of quinoline and toluene solvents in CT and the CV was 
continued and reported for both battery 1 and battery 3 
in Fig. 8c. From the results visible in the figure we can see 
that 3 months after overhaul, the weight percent of QI, and 
TI parameters in the distillation column for both batteries 
are almost constant and are within the permissible range 
provided in Table 3. In addition, the CV is slightly reduced 
which indicates that the centrifuge process is successful in 
improving CT feed quality as the input to the VDTC.

Although the CT centrifuge process is an excellent 
method to reduce of the coke sedimentation in the VCDT, 
it is a costly method and needs to add many expensive 
industrial facilities beside the distillation systems. Thus, the 
main strategy of this research is in the control of the QI, TI 
parameters and the CV to avoid centrifuging all the crude 
coal tar feeds before submitting it to the VCDT.

4  Conclusion

The flooding phenomena in the vacuum distillation trays 
column under study was due to the accumulation of coke 
containing sediments particularly in the areas of movable 
valves and seal pans tray number 11 or higher, as exam-
ined at the refinery. The feed quality of coal tar inlet to 
this distillation column was evaluated by the insolubility 
parameters of the quinoline solvent, the toluene solvent, 
and the coking value. For a one-year period, the results 
of the quinoline and the toluene insolubility experiments 
were increased respectively by 10 and 6 times while the 
coking value was raised 50–60%. This indicates the neces-
sity of using a centrifuge before the feed coal tar inlet to 
the distillation column. Consequently, the vacuum pres-
sure top of the distillation column was reduced from − 230 
to the range of − 390 to − 420 mbar that could be taken 
as a clear sign of the flooding phenomena in the tower. 
In order to reduce the accumulation of coke sediment on 
the trays, modifications were made to the design of the 
tower: replacement of the 25 mm removable valves with 
the wider fixed valves (40 mm diameter) and removing the 
seal pans from the trays in the distillation column. After 
these modifications, passage of the vapor phase through 
the liquid phase is facilitated and the coke sediments on 
trays and down-comer areas of the column were simply 
flashed down. Thus, sudden increments of vacuum pres-
sure were no longer observed during the 3 months of ser-
vice of the vacuum distillation trays column. Moreover, 

the weight percent of quinoline and toluene insolubility 
parameters and coking value in coal tar do not climb as 
experienced before the centrifuging process and the dis-
tillation column manipulation. Due to the non-continuity 
of similarity of the inlet crude coal tar feed, the quinolone 
and toluene insolubility parameters and cocking value 
measurements were suggested as effective experimental 
methods to mitigate the effect of this non-similarity and 
reduced the risk of the flooding phenomena on vacuum 
distillation trays column. Pilot processing is useful to adjust 
the laboratory obtained results and their relations with 
semi-industrial attempts and is recommended for future 
directions for the research.
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