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Research subject: In this study, the occurrence of flooding due to the
accumulation of sediment in the downcomer area, which led to an ex-
cessive increase in liquid on the upper trays of the distillation column
was investigated in a refinery.

Research approach: Vacuum pressure in the upper area of the column,
boiler feed water flow from the inlet to the condenser and the discharge
of the net product as three very important and effective operational pa-
rameters in controlling the severity of the flooding phenomena and the
amount of coking value as an important laboratory parameter to reduce
the volume of inlet sediments entering the distillation column. Data and
results of changes made on each of these three operational parameters
showed their effectiveness in controlling the severity of the flooding
phenomena.

Main results: In order to control and reduce the problems caused by
the simultaneous flooding phenomena around the vacuum pump, the
boiler feed water flow of the inlet to the condenser and the flow of the
net output product were proportionally increased until the operating
conditions of the distillation column are normalized. In this study, how
to control the flooding phenomena and reduce the adverse effects due
to the accumulation of sediments in the downcomer area of tray No. 22
and above was investigated.

To overcome these problems, first the vacuum pump rotation speed was
increased from 850 rpm to 1250 rpm and the boiler feed water inlet
to the condenser from 1.95 m?®/hr to 3.2 m3/hr was increased. On the
other hand, in order to prevent contamination of the pure product, the
net output product flow rate also increased from 925 kg/hr to 2300 kg/
hr. Also, with regular and accurate control of the coking value index as
a very important laboratory parameter, the volume of coke sediments
in the coal tar feed entering the distillation column was reduced from
37.5% by weight to 18.4% in a 30-day period after centrifugation.

*To whom correspondence should be addressed:
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Table1 Specifications of coal tar produced in the coking unit of steel plant

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

Uniformity No separation Uniformity No separation
Density at 25°C 1200-1600 Kgm™ | Density at 15°C 856.8
Residues by evapo- | >47 %W Sulfur content 1.46 %W
ration

Water content 1-5 %W Water content < 0.5 %V
Residues weightloss | <10 % W Wax content 4.8 %W
Solubility of residues | > 20 %W Asphaltene content 1.6 %W

in CS,

Ash content of resi- | 30-40 %W Metal content < 60 mg Kg!
dues

Drying time film < 8 hours Vapor pressure 895 psi

(firm set)
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Table 2 Approved ranges for coking value index in coal tar

Coking Value (CV)

Standard

ISO 97-6998

Parameter

Ccv

Approved range (wt. %)

18- 25
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Fig. 1 Coal tar storage tanks at the refinery
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Fig. 2 Coal tar entering the vacuum distillation tray column and producing various products
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Fig. 3 Vacuum pumps in area P, condenser in area C, centf';fugal pumps in area D, and heat exchangers in area R are
shown. The coal tar feed enter of area A from tray 22 and after reaching the end of the column is sent to the heat
exchanger by centrifugal pumps and returns to the inside after reaching a temperature of 250 °C. The condenser at
the top of the column also condenses vapors from 85 °C to 95 °C.
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Fig. 4 Different views of the tubes and condenser of the distillation tower
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Fig. 5 Accumulation of large volumes of sediments in downcomer
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Table 3 Changes in the vacuum pressure above the distillation column increase with increasing the rotation of

vacuum pumps

Pump Rota- | oo, | g75 | 900 | 925 | 950 | 975 | 1000 | 1025 | 1050 | 1075 | 1100 | 1125 | 1150 | 1175 | 1200 | 1225 | 1250
tion (rpm)

Vacuum

Pressure -100 | -120 | -135 | -168 | -190 | -213 | -228 | -246 | -283 | -310 |-338 | -352 | -364 |-377 | -385 |-395 | -410
(mbar)
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Table 4 Condenser temperature changes simultaneously with increasing boiler feed water flow

Condenser
Tempera-
ture (°C)

1455 | 153.3 | 162.7 | 159.3 | 163.2 | 168.1 | 174.5 | 179.4

190.5 186.2 | 1833 | 1745 | 161.4 155.5 | 141.1 | 133.3 | 1288

Boiler
Feed Water
(m3/h)

1.86 | 2.1 2.3 25 285 2.8 3

3.2 82 3.2 3 2.8 235! 2l 2 1.8
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Table 5 The amount of coke in the coal tar before and after a centrifuge step

Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Number

Coking Value

(wt. %) 32.1 | 31.8 | 335 | 326 | 335 | 324 | 337 | 339 | 353 | 372 | 311 | 263 | 244 | 222 | 21.2 | 205 | 19.7 | 193 | 186 | 184
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Table 5 The amount of coke in the coal tar before and after a centrifuge step

Time | Flow Flow Boiler | Vacuum | Temperature | Time | Flow Flow boiler Vacuum | Temperature
Product | Feed Water | Pressure | Condenser Product | feed water Pressure | Condenser
(kg/h) | (m3/h) (mbar) | (c°) (kg/h) | (m3/h) (mbar) | (c°)
6:27 | 924 1.85 -395 125.2 9:01 926 3.20 -217 187.4
7:01 | 925 1.85 -395 125.6 9:03 926 3.20 -211 187.3
7:03 | 925 1.85 -393 125.8 9:05 999 3.20 -207 187.2
7:05 | 925 1.85 -393 126.6 9:07 2319 3.20 -202 186.3
7:07 | 925 1.95 -393 125.8 9:09 2174 3.10 -200 184
7:09 | 925 1.95 -390 125.8 9:11 1554 3.10 -194 181.9
7:11 | 925 2.10 -390 126.5 9:13 1403 2.81 -183 180.6
7:13 | 925 2.10 -390 126.5 9:15 1116 2.81 -170 180.2
7:15 925 2.50 -390 126.8 9:17 728 2.81 -163 179.4
7:17 | 925 2.70 -390 130.5 9:19 516 2.81 -154 177.6
7:19 | 925 2.70 -390 132.4 9:21 462 2.81 -141 175.2
7:21 | 925 3.00 -385 1383 9:23 555 2.81 -132 173
7:23 | 925 3.00 -381 140.8 25 417 2.75 -130 1711
7:25 | 925 3.00 -374 146.4 9:27 512 2.75 -143 169.5
7:27 | 925 3.00 -370 158.3 9:29 512 2.75 -158 168.5
7:29 | 925 3.14 -365 160.5 9:31 502 2.71 -168 167.4
7:31 | 925 3.14 -360 160.7 9:33 500 2.71 -185 166.6
7:33 | 925 3.18 -354 168.5 10:07 | 574 2.70 -220 169.4
7:35 | 925 3.18 -351 166.6 10:09 | 645 2.70 -238 169.6
7:37 928 3.20 -344 165 10:11 647 2.70 -246 170.9
7:39 | 925 3.20 -338 163.9 10:13 | 655 2.65 -255 172.4
7:41 | 925 3.20 -330 163.3 10:15 | 649 2.65 -264 173.4
7:43 | 924 3.20 -327 163.5 10:17 | 701 2.50 -270 172.9
7:45 925 3.20 -323 164.6 10:19 698 2.40 -277 168.3
7:47 | 925 3.20 -316 168.1 10:21 | 704 2.40 -285 161.4
7:49 | 925 3.20 -310 173.5 10:23 | 737 2.31 -296 157.3
7:51 | 1293 3.20 -306 177.4 10:25 | 926 2.20 -310 152.6
7:53 1428 3.20 -294 180.2 10:27 944 2.20 -326 152.5
7:55 | 1696 3.20 -288 182.1 10:29 | 959 2.10 -337 147.1
7:57 1793 3.20 -283 183.5 10:31 | 957 2.10 -346 146.2
7:59 | 1798 3.20 -275 184.3 10:33 | 936 191 -357 142.7
8:01 1729 3.20 -270 184.9 10:35 949 191 -368 139.5
8:39 | 918 3.20 -267 186.6 10:37 | 951 1.88 -374 134.8
8:41 | 947 3.20 -257 188.6 10:39 | 948 1.88 -385 130.5
8:43 | 1706 3.20 -244 189 10:51 | 948 1.85 -390 130.5
8:45 1587 3.20 -240 189 10:53 938 1.85 -395 129.6
8:55 | 914 3.20 -236 187.9 10:55 | 944 1.85 -398 128.4
8:57 909 3.20 -229 187.7 10:57 | 947 1.85 -400 128
8:59 | 915 3.20 -223 187.5 10:59 | 949 1.85 -400 128
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Fig. 6 Increase in temperature a and decrease in temperature b in the condenser area before and after occurrence of

the flooding phenomena
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Fig. 7 Vacuum pressure drop above the distillation column a, constant number of rotation of the vacuum pump b and
net product of c when the occurrence of the flooding phenomen
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Fig. 8 Improving the vacuum pressure above the distillation column a, increasing the number of rotation of the vacu-

um pump b and increasing the net product flow rate c while controlling the flooding phenomena
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changes versus boiler feed water flow rate b
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