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ABSTRACT 

The primary method to remove sulfur , improve cetane index 

and reduce aromatic content of gas oil / diesel is hydroprocessing. 

Therefore, the significant advancements in hydrotreating of light 

coker gas oil (LCGO) derived from delayed coker unit at Suez Oil 

Processing Company have been performed in a cata-test fixed bed 

micro-reactor unit, using a commercial CoMo/AljOj Catalyst after 

sulfidation. The operating conditions were varied in order to study 

the impact of these processes conditions (temperature;275-400"C, 

hydrogen pressure;30-85 bar, and hourly space velocity; 0.5-1.5h"' ) 

on the yield , and quality of gas oil within hydrotreating regime, 

which is the important to aid the optimization of the process from 

the environmental regulations and national market demands point of 

view. The present investigation is conducted on the LCGO, which 

was selected as a hydrotreated feedstock due to its higher 

unsaturated hydrocarbon contents ( aromatics and olefins) and 

heteroatom (sulfur and nitrogen), in order to produce an upgraded 

gas oil acceptable as transportation fuel according to the 
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environmental and national regulations, and / or the world wide fuel 

charter December 2002. 

1-INTRODUCTION 

In recent years, the development and use" of "environmentally 

friendly" fuels has had high priority throughout the world. The driving 

force is improvement in air quality especially in metropolitan areas. 

Reduction in vehicle emissions require improvements in both engine and 

exhaust technologies, and in fuel quality. The combination of more 

stringent fuel specifications and increased demand places a heavy burden 

on the refiners hydroprocessing capabilities. As a result, increased new 

hydrotreating capacity and revamp of existing facilities will be needed to 

meet the future gas oil or diesel specifications. Air quality regulations 

initially specified minimum discharge stack heights to ensure good 

dispersion of the flue gas, but did nothing to control total emissions. 

Now, however, regulations usually demand control of specific pollutants 

in both mass emissions and concentration permitted in the flue gas [lj. 

In a refinery, the majority of SO2 and NO2 emissions are directly 

related to the type of fuels used and their respective share in the total fuel 

consumption of the refinery. Both SO2 and N02 emissions from refiners 

have been reduced substantially due to the greater availability of 

increasing the upgrading capabilities, such as conversion units of heavy 

oils to lighter or hydrotreating units. Hydrotreating is a general term 

applied to processes where a feedstock is enhanced in sonie manner by 

passing it over a catalyst in the presence of hydrogen. The objective has 

most often been to reduce the sulfur content, in addition, it is also 

practiced to reduce nitrogen content, saturate olefins and to reduce 
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aromatics. The latter is receiving much study due to the emtnen* 

requirement to lower the aromatic content of diesel fuel. 

Sulfur is the easiest to remove, followed by nitrogen and finally the 

aroinatics. Saturation of olefins overlaps sulfur and nitrogen. Since 

hydrogen is the vital factor in this process, it was found that the hydrogen 

partial pressure required for desulfurization increased 5-7 bar for virgin 

naphtha up to 24 - 40 bar for a vacuum gas oil. Cracked stocks require 

more hydrogen than do virgin stocks of the same boiling ranges[2] and 

the Temperature employed are generally in the range of 329°-398'C. 

Hydrogen consumption in standard cubic feet per barrel (SCFB) ranges 

10-50 SCFB for virgin naphtha up to 300 SCFB for heavy gas oil. 

2- EXPERIMENTAL 

The material balance of coker unit at Suez Oil Processing 

Company and fractionation of the coker distillate to obtain the light 

coker gas oil (LCGO) feedstock is illustrated in Figure (1). 

2.1 Feedstock 

The feedstock employed in this investigation is a light coker 

gas oil derived from the delayed coker unit have the boiling range 

250-350°C. It was fractionated from the delayed coker distillate, 

kindly supplied from Suez Oil Processing Company (SOPC) and 

represents 30wt% of the delayed coker products as indicated in 

Figure (l) .The characteristics of the light coker gas oil (LCGO) 

feedstock is tabulated in Table(l). 
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2.1.1 Fractionation Of The Feedstock 

The delayed coker distillate (124° to 415°C) is fractionated to 

produce a gas oil fraction at Nasr Petroleum Company ( NPC) according 

to slandered method ( ASTMD - 2892) method and using the distillate 

apparatus Gecil Minidist Plus( Type E22L) (Figure 2) , under reduced 

pressure maintained at 100 mmHg for fraction 250 °C to 300 CC and 2 

mmHg for fraction 300 °C to 350 °C . 

2.2 Catalyst Used 

A commercially Hydrotreated catalyst, Hydrobon SI2, from UOP 

contains the oxides of Co and Mo was used. The main characteristics and 

chemical composition of the catalyst are given in Table ( 2 ). 

2.3 Operating Condition 

The hydrotreating operating conditions conducted for the 

light coker gas oil are indicated as follows : 

- Reactor Temperature, °C : 275, 300 ,325 ,375 ,400 

- Total Hydrogen Pressure, bar : 30 , 40 , 55, 70 , 85 

- Liquid Hourly Space Velocity (LHSV),h- ! : 0.5 , 

1.02,1.5 

- Hydrogen to Feed Ratio,( H2 /Feed), L/L : 450 

2.4 Hydrotreat ing Apparatus and Procedures 

The hydrotreating Process is carried out in a down flow 

fixed- bed microreactor (cata-test unit) at the Egyptian Petroleum 

Research Institute (EPPJ), which serves the industrial laboratory 

studies of heterogeneous catalytic processes under operating 

conditions occurring in the gaseous or liquid phases [3]. 
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The unit consists of a stainless steel reactor (19 mm, internal 

diameter, 27 mm external diameter and 50 cm length) and divided 

into three zones, each of them is heated and separately controlled. 

The reactor is equipped with calibrated burette connected to a feed 

jar, metric feed pump, high-pressure gas liquid separator, wet gas 

meter and product collector. The schematic diagram of the cata-test 

unit is shown in Figure(3). 

In a typical run, the reactor is loaded from top to bottom in 

the following order : 5 cm porcelain beads ( nearly with the same 

mesh as the catalyst ) which acting as a preheating zone , 40 cm of 

the catalyst bed (lOOcc) in the middle zone and another 5 cm 

porcelain beads. These porcelain beads were used in order to reduce 

the dispersion effect and to create a more homogenous thermal 

distribution in the reactor [162]. 

The temperature of the catalyst bed inside the reactor was 

measured using three thermocouples placed at the top, center and 

bottom of the bed. The temperature of the catalyst bed was adjusted 

and maintained constant through three proportional heat controllers. 

The catalyst is reduced (for 10 - 12 hr) at a temperature of 350° C 

and a hydrogen pressure of 10 - 15 bar in a stream of hydrogen 

flow rate of 30-40 L / h, as a pre-step for sulfiding. 

The catalyst after sulfiding is thus ready to receive the 

feedstock, and all the operating conditions (temperature, hydrogen 

pressure , liquid hourly space velocity, hydrogen to feed ratio) are 

adjusted - as required. 
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2.5 Catalyst Presulfiding |4] 

Sulfiding is a necessary pretreatment for HDS catalysts in 

order to limit coke formation . In the present study, a spiked 

feedstock method was used for presulfiding the catalyst sample, 

where dimethyldisulfide (DMDS) is used as a spiking agent. 

A hydrogen stream (30 bar and 0.3 L/min) is then switched 

in and gas oil feedstock doped with 5% DMDS is passed through 

the reactor (3 ml/min) at 320 °C for 12 hours. 

2.6 Analysis 

The liquid hydrogenate product (treated gas oil) was first 

collected, bubbled with nitrogen gas over a water bath under refulx 

to remove the dissolved H2S and NH3 gases, fractionated to remove 

the light fractions up to 250°C,weighed and analyzed according to 

the standard test methods. 

3- RESULTS AND DISCUSSION 

Coking is a severe form of thermal crackimi (delayed coking) 

and represents the complete conversion of the Egyptian petroleum 

heavy residue (land Balayem Crude Oil origin) to coke and lighter 

• products called coker distillates. These distillates are, light and 

heavy naphthas, light and heavy gas oils and/or diesel oil. 

The feedstock under study is a selected light gas oil (LGO) 

fraction obtained by fractionation the total cok^r distillates 

produced from the Suez Oil Processing Company delayed coker 

unit. 
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Since the delayed coker feedstock has a high heteroatom 

contents, the sulfur and nitrogen in the light coker gas oil 

(LCGO)are higher than in the corresponding virgin products. 

Table (1) shows the typical properties of the LCGO feedstock 

under investigation have the boiling range (250-350°C), and 

represents 41.3wt% of the total coker distillates. The sulfur and 

nitrogen contents are 1.585 and 0.15 wt%, where as the aromatic 

and olefinic contents are 12.82 and 46.15 vol% respectively. 

It was Known that .hydrogen - poor cuts from carbon 

rejection processes, such as delayed coking, have high aromatic 

contents (low smoke points) and high olefin contents (gum 

formation), beside high sulfur contents are undesirable fuels. 

Therefore, These properties have their great effects on the color 

stability of the LCGO, its diesel index and acidity. This feedstock 

must be hydrotreated in order to desulfurize and stabilize its color 

character before being marketed as light gas oil or as a blender to 

the diesel fuel pool. 

3.1 Effect of The Operating Conditions on Hydrotreating of 

LCGO 

The light coker gas oil (LCGO) is hydrotreated in a 

hydrotreating reaction zone containing CoMo/ AI2O3 hydrotreating 

catalyst and maintained at different operating conditions, including; 

total hydrogen pressure (30 to 85 bar), reaction temperature (275° 

to 400°C) and feed rates (0.5 to 1.5 vol.oil /vol.cat.h ). The other 

operating condition, such as the hydrogen- to- feed ratio, is kept 

constant at 450 litres hydrogen - to - litres of oil. 
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3.1.1 Effects of Total Hydrogen Pressure 

The data tabulated in Table (3) indicates that the total 

hydrogen pressure is greatly affected the reduction in sulfur, 

nitrogen contents and the unsaturates compounds of the tested 

coker distillates. It means that due to the increase of the total 

hydrogen pressure, it was found that the desulfurization and 

denitrogenation activities are increased from 81.7% and 34.6% to 

99.8% and 90.0% respectively when hydrogen pressure increased 

from 30 to 85 bar. 

It can be seen from these results that the changes in the 

conversion of sulfur were not as significant as those of nitrogen due 

to the prominence of direct extraction pathway for the HDS 

reactions over the pre-hydrogenation pathway of HDN reactions[5]. 

High levels of sulfur and nitrogen in the light coker gas oil 

(LCGO) are observed which are indicators of its aromatic nature. 

Because a large fraction of both sulfur and nitrogen are chemically 

bound in polycyclic aromatic species (PCAs), hydrotreating the 

feedstock reduces its sulfur and nitrogen contents and adds 

hydrogen to the PCAs, making them easier to crack by opening the 

rings during the treating reactions (Table 3). 

The fact that the API-gravity increases from 29.1 to 36.1, 

over this hydrotreating range clearly indicates that unsaturated 

hydrocarbons are being progressively saturated with hydrogen as 

the sulfur content is reduced from 1.585wt% (feedstock) to the 

range of 0.29 - 0.003 wt% at 30 to 85 bar hydrogen pressure 

respectively. It was found that how the treated gas oil properties, 

such as diesel index (DI) and flash point are improved with 

increasing the operating pressure[5,6]. 
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The data of the hydrotreating runs in the range of 81.7% to 

99.8% desulfurization are nearly sufficient to meet the required 

sulfur content of fuel specifications, i.e 95 to 98% HDS. Therefore, 

mild conversions by the operating temperature conditions can 

further improving the refining qualities and may be necessary to 

increase refining yield of light gas oil. Table (3) summarize the 

impact of hydrotreating on the total aromatic contents of LCGO 

feedstock for five levels of hydrotreating : 81.7 %,83.6 % , 93.7 

% , 96.8 % and 99.8 % desulfurization at total hydrogen pressure 

30,40,55,70 and 85 bar respectively. The aromatic levels at these 

conditions are 30%, 26%,20%,17% and 14% , which indicate that 

the feed aromatics were saturated with hydrogen and the increase in 

conversion leads to a hydrogenation affinity from 50.8% at 30 bar 

to 77 .1% at 85 bar. 

3.1.2 Effects of reaction temperature 

The effects of different reaction temperatures on the 

upgrading of the coker distillates, especially the light coker gas oil, 

and the reduction of total aromatics at constant hydrogen pressure, 

55 bar and LHSV ,1.0 h"1 are indicated in Table (4). 

The characteristics of the hydrotreated products indicate that 

the ASTM color is decreased from 3 at 275°C to 0.5 at 400°C. The 

effect of temperature on specific gravity, kinematic viscosity and 

aniline point of the product is show in Table (4) While density and 

viscosity decreased with the increase in temperature, the aniline 

point increased slightly. An increase in aniline point indicates an 
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increase in the concentration of saturates (or paraffins) in the 

treated oils. 

The decreases in specific gravity and viscosity are greai 

indication of the higher hydrogenolysis activity, which was 

obtained as the temperature increased. The effect of temperature on 

the light coker gas oil is slight and a mild cracking was occurred 

and removal of sulfur and nitrogen by the intake of H2 by the oil as 

reflected by the decrease in its yield and density. 

At all temperatures, conversions of sulfur were higher than 

those of nitrogen, which indicated the ease of conversion of non 

refractory sulfur compounds, compared to nitrogen compounds in 

coker-derived gas oil. 

Both the hydrodesulfurization (HDS) and hydrodenitregenation 

(HDN) activities increased with increasing temperature. The study 

on the temperature effect indicates that, although the highest HDS 

and HDN are attainable at 400 °C, the optimum operating 

temperature is dependant upon the refiner requirement and 

economic costs[7]. 

Under the studying process conditions, the hydrotreated oil 

has the sulfur maximum reduction at 400°C (97%) .It means that the 

product gas oil sulfur of 480 wppm (0.048 wt%) at that 

temperature. This number represents the current gas oil or diesel 

sulfur target in Egypt and the future impact of making a further 

reduction in the gas oil/ diesel sulfur limit, i.e a target of 5 wppm. 
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3.1.3 Effect of Liquid Hour Space Velocity (LHSV) 

Table (5) correlate the hydrotreating performances on of the 

liquid hourly space velocity (LHSV) for the light coker gas oil (LCGO) 

under constant reaction temperature , total hydrogen pressure and 

hydrogen - to - feed ratio, i.e 350 °C , 55 bar and 450L/L respectively. 

In all cases, the yield of treated oil increased with increase in 

LHSV or increased with increase in the liquid feed rate. Therefore, the 

seventy of the hydrotreating was affected by the flow rate. The specific 

gravity and kinematics viscosity decreased with the decrease in the feed 

rate, while the aniline point was increased with the decrease in feed flow 

rate due to the increase rate of hydrogenation. 

The contact time (1/ LHSV) of 2h is too short to achieve a net 

decrease in total aromatics ( 12 wt%). Yet at this condition, the catalyst 

under study (CoMo/AJ203) achieved a 96.47 % HDS and a 71.33 % 

HDN. 

Apparently, the increases in saturates are primarily due to 

heteroatom removal. In other words, heteroatoms removals are the 

primary reactions occurring on the catalyst. The higher saturate build up 

with the catalyst under study results from its higher HDS activity and the 

fact that the feed contains more sulfur than nitrogen [8]. 

The decrease in LHSV (increase in contact time) resulted in 

improve product quality (Table 5 ) . the sulfur content of the hydrotreated 

products is approximately proportional to the LHSV and hence the 

contact time. Nitrogen and aromatics removals are better when LHSV is 

changed from 1.02 h"1 to 0.5h"' compared with the change from 1.5 to 

1.02 h . The least severe LHSV 1.5 h"1 condition gives a product sulfur, 
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nitrogen and aromatics levels of 1240 ppm ,610 ppm and 22 wt°< 

respectively The most severe LHSV 0 5 h"1 , gives 560 ppm . 4 30 ppm 

and 12 wt% of sulfur , nitrogen and aromatics product contents. 

respectively Table ( 5 ). It should be noted that at relatively high space 

velocities ( e.g. 1.5 h"1 ), higher operating temperatures ( > 350 °C) are 

necessary to effect deep desulphurization to acceptable sulfur levels in 

the product (500ppm max.). 

4. CONCLUSION 

Within the range of operating conditions studied, the following 

conclusions can be drawn: 

1- The highest selectivities for hydrodesulfurization ( HDS) 

and hydrodenitrogenation ( HDN) were attained with the 

investigated at the highest operating hydrogen pressure and 

temperature ( 85 bar and 400 °C) and the lowest liquid hourly 

space velocity (LHSV) value (0.5 h"1). 

2- The hydrodesulfurization and hydrodenitrogenation 

activities are decreased as the LHSV value increased; howe%'er , the 

conversions of sulfur compounds were greater than those of the 

nitrogen compounds at all the LHSV values. This condition 

suggests a faster HDS process, compared to HDN, and confirms the 

fact that HDN requires a longer time to occur through two reaction 

steps of hydrogenation and denitrogenation. 

3- Under the required optimum operating conditions , a clean ga? 

oil fuel can be produced via hydrotreating LCGO, concerning the 
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sulfur content as less than 300 ppm according to the required 

national standard specifications. 

4- Finally, it can be stated that the produced gas oil from the 

LCGO matched with the new performance of the high quality 

transportation fuels, and replaced the imported fuel, which in turn a 

positive results in the economic point of view. 
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Table (1 ) Characteristic Of Feedstock (LCGO) 

Characteristics 
SpecificGravity@l 5°C 
"API Gravity 

ASTM color 

Pour Point °C 
Ash content 

Total sulfur content, \vt% 

Kinematic Viscosity @37.8C.st 
Flash Point °C 
Nitrogen content,wt% 
Characterization factor, (KB) 
Aniline Point,cC 
Diesel Index (calculated) 
Cetane Index (calculated) 
Total acidity, mgKOH/g 
Chromatographic Analysis 
Total Aromatic,wt% 
Total Saturate,wt% 

Results 
0.8807 

29.1 

8 

-15 
0.01 

1.585 
4.8 

123.8 
0.15 J 
11.3 
67.7 
44.8 
41 

0.173 

61 
32 

Test methods 
ASTM D287 
ASTM D1298 

ASTM D 1500 

ASTM D 97 
ASTM D482 

ASTM D4294 
ASTM D445 
ASTM D92 
UOP 384 
UOP 375 
ASTM D611 

ASTM D976 
ASTM D664 
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Table ( 2 ) Catalyst Characterization 

CATALYST CHARACTERIZATION 

Type of support 

Shape 

Diameter, mm 
Sock loaded density (kg/M ) 
Dense loaded density (kg/M3) 
Surface area nvVgm 
Side Crushing strength,ne\vtons /mm 

Chemical comDosition.wt% 

C0O3 
M0O3 

Na 
Fe 
Si 

A1203 

FORM 

A1203 

cylinderical 
Extrudate 
1.6 
721 
794 
232 
53.4 

3.1 
10.5 
0.06 
0.02 
0.1 
By difference | 
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Tablc(3) Effect of Total Hydrogen Pressure on Hvdrotrcating of Light Coker Gas Oil (IXGO) 
Using CoMo/AljO, Catalyst ( 350°C , Reaction Tcmpcraturc.lh \LHSV and 450L/L,H:/Fced 
Ratio) 

Total Hydrogen Pressure, bar 

Characteristics 

Total Liqiuid Yicld,wt% 

Hydrodesulfurization,wt% 

Hydrodenitrogenation,wt % 

Aromatics Hydrogenation,wt% 

Product Characteristics: 

Specific Gravity@15°C 

API - gravity 

Kinemati Viscosity,C.st @37.8°C 

Cetane Index 

Pour Point ,*C 

Total Sulfur Content ,wt% 

Total Nitrogen Content,wt% 

ASTM-color 

Diesel Index 

Aniline Point,"C 

Flash Point,°C 

Total Acidity,mg KOH/g 

Characterization Factor (KB) 

Chromatographic Analysis 

Total Aromatics,wt% 

Total Saturates ,wt% 

30 

98.3 

81.7 

34.6 

50.8 

0.8498 

35.0 

4.05 

50 

-9.0 

0.290 

0.098 

2.00 

58.5 

75.1 

74.4 

0.075 

11.70 

30 

62 

40 

94.9 

83.6 

40.0 

57.4 

0.8488 

35.2 

4.02 

51 

-9.0 

0.260 

0.090 

2.00 

59.1 

75.6 

67.7 

0.044 

11.75 

26 

68 

55 

93.7 

93.7 

65.3 

67.2 

0.8482 

35.3 

3.75 

52 

-9.0 

0.100 

0.052 

1.50 

59.9 

76.4 

61.1 

0.014 

11.75 

20 

75 

70 

93 

96.8 

81.3 

72.1 

0.8470 

35.5 

3.55 

53 

-6.0 

0.050 

0.028 

1.50 

60.4 

76.7 

57.7 

0.008 

11.80 

17 

80 

85 

92.5 

99.8 

90.0 

77.1 

0.8442 

36.1 

3.25 

54 

-6.0 

0.003 

0.015 

1.50 

62.2 

77.9 

56.6 

0.004 

11.85 

14 

83 
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Table(4) Effect of Reaction Temperature on Hydrotreating of Light Coker Gas Oil (LCGO) Using 
C0M0/AI2O3Catalyst ( 55 bar , Hydrogen Pressure,lh \LHSV and 450L/L, H,/Feed Ratio) 

Reaction Temperature ,°C 

Characteristics 

Total Liqiuid Yield,wt% 

Hydrodesulfurization,wt% 

Hydrodenitrogenation, wt% 

Aromatics Hydrogenation,wt% 

Product Characteristics: 

Specific Gravity@15°C 

API - gravity 

Kinemati Viscosiry,C.st @37.8°C 

Cetane Index 

Pour Point , 'C 

Total Sulfur Content ,wt% 

Total Nitrogen Content,wt% 

ASTM-color 

Diesel Index 

Aniline Point,°C 

Flash Point,°C 

Total Acidity,mg KOH/g 

Characterization Factor (KB) 
Chromatoeraohic Analysis 

Total Aromatics,wt% 

Total Saturates ,wt% 

275 

98.00 

86.7 

33.3 

45.9 

0.8563 

33.8 

4.40 

47.00 

-6 

0.210 

0.100 

3.00 

55.20 

73.00 

86.6 

0.066 

11.50 

33 

58 

300 

97.40 

89.1 

49.3 

60.7 

0.8525 

34.5 

4.60 

49.00 

-6 

0.172 

0.076 

2.00 

57.00 

74.00 

73.3 

0.034 

11.60 

24 

67 

325 

95.90 

91.7 

586 

65.6 

0.8493 

35.1 

3.90 

52.00 

-6 

0.132 

0.062 

1.50 

59.20 

75.90 

66.6 

0.02 

11.73 

21 

75 

350 

94.70 

93.7 

65.3 

67.2 

0.8482 

35.3 

3.75 

51.20 

-6 

0.100 

0.052 

1.50 

59.90 

76.40 

61.1 

0.014 

11.80 

20 

75 

375 

90.55 

95.5 

70.0 

68.9 

0.8465 

35.7 

3.70 

53.00 

-6 

0.072 

0.045 

1.50 

61.10 

77.30 

57.7 

0.012 

11.85 

19 

76 

[~400 

84.97 

97.0 

75.3 

68.9 

0.8459 

36.8 

3.50 

5500 

-6 

0.048 

0.037 

0.50 

64.10 

79.00 

42.2 

0.009 

11.90 

19 

77 
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Table (5 ) Effect of L iqu id Hourly Space Velocity on Hydrotreating of L ight Coker Gas 
Oil (LCGO) Using CoMo/ A I : 0 3 Catalyst ( 55 bar , Hydrogen Pressure , 350CC , 
Reaction Temperature , and 450 UL , H? Feed Ratio ) 

Feed Rate, ml/h 

Contact Time, I/LHSV 

Characteristics 

Total liqiuid yield,wt% 

Hydrodesulfurizafion,H't% 

Hydrodenitrogenation ,wt% 

Aromatics Hydrogenation, wf% 

Product Characteristics: 

Specific Graviry@15°C 

API - gravity 

Kinemati Viscosity,C.st @37.8°C 

Cetane Index 

Pour Point ,°C 

Total Sulfur Content ,wt% 

Total Nitrogen Content, wt% 

ASTM-color 

Diesel Index 

Aniline Point,°C 

Flash Point,°C 

Total Acidity,mg KOH/g 

Characterization Factor (KB) 

Chromatographic Analysis 

Total Aromatics,wt% 

Total Saturates ,wt% 

50 

2 

O.S 

90.0 

95.47 

71.33 

80.32 

0.8411 

36.7 

3.50 

56.0 

-6 

0.056 

0.043 

1.0 

64.6 

80.0 

50.0 

0 008 

11.9 

12 

84 

102 150 

09S | 0.67 

LHSV.h'1 

I 
1.02 ! 1.5 

95.0 | 96.5 

93.56 j 92.18 

64.67 | 59.3 

67.21 j 63.93 

0.8485 

35.3 

3.75 

52.0 

-6 

0.102 

0.053 

1.5 

59.8 

76.4 

61.6 

0014 
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Figure (1) C o k e r Complex and Gas oil Mater ia l Balance (t/d) 

F i g u r e (2) Geci l Min id i s t A p p a r a t u s (Dis t i l l a t ion U n i t ) 

1- Distillation Column With Mantle 
2- Cooling Condenser 
3- Receiver 
4- Distilling Flask With Mantle 
5- Vaccum Connection 
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Figure ( 3 ) Schematic Diagram of Cata-test Unit 
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