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GLOSSARY

°API gravily of petroleum defined by American Petroleum Institute

BBL barrel

BPCD barrel per calendar day

BPSD batred per stream day

BTU British Thermal Unit

°C degree centigrade

cp centipoise

csl centistokes

DAO deasphalted oil

DCF discounted cash flow

°RF degree fahrenheit

FOE The heating value of a standard barme] of crude oil, equal to 6.24 million
BTU (LHY)

HrorH hour

HCR hydrocracking (unit)

HDS hydrodesulfurization (unit)

HTR hydrotreating {unit)

HP high pressure

H, Piant hydrogen generalion plant

INTEVEP Instituto Technolégico Yenezolano del Petrodleo

HCA Japan International Cooperation Agency

Kcal kilocalorie

Kg kilogram

LAGOVEN LagovenS.A.

LP fow pressure

MEM Ministenio de Energla y Minas

m meler

m? square meter

m? cubic metes

MM million

MMBTU million British Thermal Unitl

MMKcal miltion kilocalorie

MMNm3fsD million normal cubic meler per stream day

MMSCFD million standard cubic feet per day

MW megawatl

MP medium pressure

(6)



m3jH

Nm?

MH

MT

%

wi.%

vol. %

PDVSA

ppm

ROE

ROR

SCF

SDA

SCFD

Sp.Gr.

SR

SCF/B

TonfH or T/H
TonfSD or T/SD
TonlY or TfY
UHP

Uss

10* USS$
USS/BBL
USS/MMBTU
Y

wt.%S

VGO

cubic meter per hour
normal cubic meler
man-hour

metric ton

percent

weight percent

volume percent

Petréleos de Venezuela, S.A.
parls per million

rate of relum on equity
rate of retum

standard cubic feet

solvent deasphalting (unit)
standard cubic feet per day
specific gravity

sulfur recovery (unit)
standard cubic feet per barre]
tons per hout

tons per stream day

tons per year

Ultra high pressure

US dollar

mitlion US dollar

US dotlar per barrel

US dollar per miflion BTU
year

weight percent sulfur
yvacuum g3s oil
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CHAPTER I DETAILED DESCRIPTION OF FLUID COKER PROCESS
(Prepared by Toa Qil Co., Ltd.)

1.1 TECHNOLOGY OF PROCESS

111

1.1.2

.13

Introduction

The Qrinoco crude oil has deposils in the Orinoco River basin. This crude oil is
characterized by its uimost heaviness, as found from its specific gravity of 8.5° API,
a pour point of 27.5°C and a residuat yield of 85%. It is difficull to handle at normal
temperature. Its sales in the form of a crude oil has to be limited, as fong as it is sold in
the original form. For its higher utilization, it is necessary to crack this heavy crude-oil
and upgrade it into improved curde oil having high added vaiue.

" As this upgrading process, we have sfudied a cracking process including the fluid
coker as 2 main process, because fluid cokers are most widely used for upgrading. The
cracked oil oblained from the fluid cokér is desulfurized and mixed with other fractions
as a stable blend component for improved crude oil. By-produced coke is used as boiler

fuel. Steam generaled by the boiler is effectively utilized for the production of raw
crude oil.

Process Featuges

The fluid coker is a thermal cracking uni? withouf any catalyst using coke as a heal-
ing medium. It is a vesy versatile unit capable of cracking any ¢rude oil, no matter what
type of crude oil it is, to give coker gas and coke. There are other thermal cracking
processes such as visbreaking and delayed coking, etc. A large difference between fluid
coker and these other processes is that, in the former case, crude oil is thermally ciacked
on the fluidized bed, using high temperatuse circulating coke. Because of its internal
heating type, the fluid coker requires no fumace or cracking furnace. The unit is fully

- endurable under severe operating conditions, when it is operated to meet those product

patiems requested by users.

Course of Project Development

The fluid coker was developed by Exxon Research and Engineering Co. of the US.
The first unit operation started in 1954. Since then, more than 10 units have been con-
structed and are now in successful operation. ERE also developed Flexicoker units,
wherein a gasifier is additionally used to coavert the coke by-product into fuel gas, so
that the unit can meet the varying demands of the area in which it is used. Table 1.1
gives a list of fluid coker unils now in operation.



Table 1.1 Commercial Experience of Fluid Cokes

Design Date
Company Location Capacily Onstream Remarks
. (B/SD)

Humble 0i Co. Billings, Mont. 3200 Dec. 'S4

Humble Oil Co. Baltimote, Md. 10,000 Sept. '5S Entire refinery
shui down

Petrofina Canada Pointe-aux-Trembles, 3500 Aug. ’56

Limited Quebec

Marathon Oit Co. Detroif, Mich. 4,000 Oct. '56 Plant formeily
operated by Aurora
Gasofine Co.

Signal Ot Co. Bakersfield, Calif. 4 000 Apr. °51 Plant formedy
operated by
Bankiipe Oil Co.

Phillips Pelrofeum Co, Associated. Calif. 42000 June 57 Plant formerly
operated by
Tidewater (il Co.

Getty Oit Co. Delaware Cify, Del. 42000 Avg. 57 Plant formedy
operaied by
Tidewater Ol Co.

Gulf Oil Corp. Purvis, Miss. 4,800 Dec. 57 Plant formerly
operated by
Pontizc Eastern
Coip.

Petzoleos Mexicanos Madero, Mex, 12,000 Feb. 68

Imperial Oil Lt4. Sarnis, Ontario 15,000 Apr. 68

Humble Oi Co. Benicia, Calif. 16,000 Aps. 69

Syncrude Qil Co, Mildred Lzke, Alberia, 73,000 July *i8

Canada 73000 |3

1.1.4 Process Patents

Al the patents conceming the fluid coker process are owned by Exxon Research
and Engineering Co.

1.1.5 Feed to the Process

As the fluid coker feed, there may be used various types of oils, including crude oil,
atmosphenc residue, and vacuum residue. Preferably, vacuum residue is used. The fluid
coker process has been originally developed for use with a wide range of heavy oils.
Feed properties therefore have no restriction on its operation. Even a feed of especially
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1.1.7

heavy and having high contents of sulfur and metals can be handled by this unit.

Principle of Reaction

Coke, in the reactor, forms a fluidized bed along with steam taken in through the
bottom of the reaclor. Thermal cracking takes place at operating conditions of 510°C and
0.8 kg/cm?G. The reaction is endothermic. Heat required for thermal cracking is continu-
ously supplied by the circulating coke. Coke gets this heat from the bumer, where a parl
of gross cake, deposited on fluid coke at the time of cracking, is burnt by means of air

supplies. Therefore, an exothermic reaction due to coke combustion takes place in the
bumer.

Bescription of Process Flow

As El]uslrated in Fig. 1.1, the fluid coker unit is composed of the two vessels of
reactor and bumner. Coke, together with fluidizing steam, forms a fluidized bed in each
of these vessels. Heat for thermal cracking is transmitted from bumer to reactor by the
coke circulating between them. The feed is atomized by steam and fed to the reactor,
where the feed is deposited on the surfaces of fluid coke parlicles. When thermally
ctracked on the coke surfaces, the feed is converted to light hydrocarbons and coke.

Hydrocarbons thus formed go up to the scrubber through the reactor bed, where
uncracked oil,' is quenched for re-feeding and at the same time, enlrained coke is re-
moved. Hydrocarbons are then passed downstream inté fractionator, where they are
separated into coker gas and cracked oil. Newly formed coke remains on the fluid coke
surfaces, and returns to the bumer by way of citculating coke line (cold coke line).
Large volumes of low-calorific high-temperature gas is generated at the bumer. Usually
this gas is introduced into CO boiler, and heat is recovered by steam generation.

Stripping steam, which is introduced into the reactor bottom, serves to sirip hy-
drocarbons from coke surfaces, and at the same time, constitutes a part of the fluidized
bed. Another type of steam is atfrition steam, which is used during the coker operation, if
necessary, to adjust the particle size of fluid coke and to secuse stable coke circulation,

Now referring to coke circulation, heat used for thermal cracking at the reactor is
supplied by circulating coke (hot coke). Necessary heat quanlity is generated at the
bumer by introducing air and allowing a part of newly formed coke to bum. In other
words, heat balance of this unit is adjusted by confroliing the volume of air introduced
into the bumer. Surplus coke, not used for combustion, is quenched by elutriator, with-
drawn from the system, and stored in coke silos for use as fuel. (foke balance of this
unit is thus maintained by contrelling the volume of coke withdrawn from the elulriator.
Steam is used for coke transport through the circulating coke line.



1.1.8 Process Yields

Raw crude oil:
Process feed:

Yields (based on the weight of process feed):

Hydrogen sulfide
Cy—
Cq ) ‘ .

~ Coker naphtha (C; I3.6_0° F)
Coker gas oil (360°f 950° F)
Coke

1.1.9 Products Properties

(1)

2)

3)

4

&)

)

C; —gas:
Molecular weight
Low heating value, Kcal/Nm?
C4 gas:
- Molecular weight
Low heating value, Kcal/Nm?
Coker Naphtha:
Specific gravity, 60/60°F
Sulfur, wt.%

Bromine number

Coker gas oif:

Specific gravity, 60/60°F

Sulfur, wt.%

Nitrogen, wt.%.

Bromine number

Conradson carbon residue, wi %
Fhie gas:

Molecular weight

Low heating value, Kcal/Nm?

Coke:

Sulfur, wt %
Ni, wppm
V, wppm
Fe, wppm

Orinoco Crude Ol
Vacuum residue

Wi
0.9
10.2
22
109
425
333

20.9
11,050

568

28,100

0.739 (60°AP1)
0.84
130

0.963 (15.5°APl)
338

0.6

43

4.0

27.4 {day gas)
242 '

58
610

2,460

70



1.1.10 Operating Conditions

Reactor Bumer
Temperature, °F 950 1,100
Pressure, psig 12 12

1.1.11 Catalyst and Chemical

No catalyst is used, but seed coke is required when the unit is starfed up.

Seed coke: Product coke from fluid coker.

Required quantity: 2,500 tons (43,900 BPSD for a train)

Sodium friphosphate is used as the pH control and softening agent of boiler water
for both of main boiler and CO boiler.

Chemical: Sodiusm triphosphate,

Required quantidy: 14 kgfday (for a train)

1.1.12 Utilities

Utilities Uses Requirements
Steam, 49 kg/em?G Feed atomizing, etc. 25 tons/hr,
Steam, 15 kglem?2G Aeration 85 tons/hr.
Electric power - Pumping 680 kwh

1.1.13 Past Achievements

Table 1.1 gives a list of existing fluid coker units and their design capacities. Since
1954 when the first unit starfed operation, more than 10 units have been construcied
and are now in successful operation.

1.1.14 Applicabiliby of the Process

Orinoco Crude is so heavy that the upgrading of residual oil is inevitably required, in
order to obtain the desired improved crude oil. Fluid coking is much flexible, allowing
the use of a wide range of feed oils. Since the unit is run af the lower pressure, operation
is easy and cost is low. The coke by-product is used for boiler fuel, and steam generated
can be effectively utilized for the production of raw crude oif. Fluid coker distillate is
used as the blend stock for the production of improved crude oil. It gives a yield in
excess of 0%, indicaling that the process is fully applicable as the main process for pro-
ducing- improved crude oil. _

1.1.15 Mesits/Demerits of the Process
(1)} Merits



(a) A wide range of oils can be used as the process feed.

(b) Heat quantily required for the process is given by the circulating coke; and no
furnace is required to pre-heat the feed.

{c) Operation is easy.

{d) By-produced coke is utilized as boiler fued.

(e¢) The process gives a high yield of light cracked gas oil, and therefore, it is
sujtable for the production of improved crude oil.

(2} Demeriis
(a) €, and €, products have high confents of olefines, and are often used as fuel,
rather than as LPG.

(b) A higher sulfur content of coke producl makes it necessary to consider a
possibility of using a flue pas desulfurization unit, if coke is fo be used as
fuel.

1.1.16 Utilization of the Residuval By-product

1.1.17

The coke fonmed at the fluid coker is partly used as the fuel for the ¢okers burner
in an amount of 20-25% of gross coke. The surplus amount of coke is taken out from the
system, and is used as fuel mainly for the lafge-capacity boiler based on the pulverized

‘coke combusition system.

This combustion system works in the fellowing manner. Coke is withdrawn from a
coke silo, and is pulverized by a ball mill to such an extent that 70-80% thereof can be
passed through a 200-mesh screen. Fine coke thus obtained is received by the fuel silo,
from which the coke fuel is fransported by primacy air at a controlled rate {o the bumners.
At the bumer, coke is atomized into the furnace, ignited by the high temperature heat
radiation and air convection, and is burnt while it is dnfling in the space of the combus-
tion chamber, Fuel 6il or fuel gas is used as a supporting fuel to compensate and the load
fluctualions are covered by the supporting fuel.

Operability

Unlike other coking processes, the fluid coker process is based on reaction over the
fluidized bed, i.e. the reaction taking place on the surfaces of fluid coke particies. The
first fluid coker unit went into operation 25 years ago. Since then, various improvements
have been made, and now if is 2 completely established process. Abundant experiences in

ils operation could have eliminated any difficulty in its operation. Key poinis of opera-
tion are as follows:

{1) Heat balance

The ¢racking reaction is endothermic. Necessary heal is given continuously by fluid



coke coming from the burner. Therefore, heal balance is adjusted by controlling the
volume of coke circulating between the reactor and the burner. This volume also
controls the reacler temperature. The bumer temperature is kept constant by
controlling the volume of air introduced into the bumer.

(2) Coke balance

The volume of coke circulating belween the reactor and the bumner is always kept
constant. Any surplus coke formed is withdrawn fo the silo by thé quench elutria-
tor, so that a constant velume of coke is kept in the vessels. Coke balance is thus

adjusted by the volume of coke withdrawn from the system.

1.2 PROCESS SCHEME FOR IMPROVED CRUDE OIL PRODUCTION

1.21

122

1.23

Introduction

With recent high rises in intemational prices of crude oils and the reduction in crude
supplies by oil producing counlries, those countries consuming large amounts of pefro-
levm feel it more and more difficult (0 secuse their necessary amounts of crude oil.
What is mors, the crude oils they get tend to get heavier. _

Under such circumstances, those undeveloped oil fields having deposits of heavier
crude oils are alfracting more and more altention. Among them, the heavy crude oil
belt lying in the Orinoco River basin is expected to have a huge quantity of virgin 6il
deposits. Thus, a development plan on Orinoco Heavy Crude Oil is an urgent necessity.

Study Objective

H an Orinoco heavy crude development project involves producing improved crude
oil from this crude oil, it is necessary to study the properties of Orinoco heavy erude and
select an optimum upgrading process. With this objective in mind, we studied the fluid
coker process which is considered the most adeguate for the production of improved
crude oil.

Qutline

We have worked out a process scheme based on the fluid coker process for thermally
cracking Orinoco heavy crude oil, because this process has the following advantages:
(1) Those units with abundant experiences can be combined.
(2) The units employed give high yields of oi! fractions.
{3) Operation is easy and Mexible.

{4) Costs of construction and operation are less expensive.
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The related units requied for this process include:
Atmospheric distiflation unit,
Yacuum flashing unit,
Hydrotreating unit,
and auxiliary units, such as:
Hydrogen generation unit,
Acid gas treating unit, and .
Sulfur recovery unit.

FPractions coming oul from the fluid coker piocess are sfabilized and upgraded by
the hydrotrea(er and bleaded into amproved crude oil. The blend bases for, and their
proportions in, improved crude oil are as given below. An improved cmde yield of 79%
is oblained by a combination of units including fluid coker as the most lmportant upgrad-

ing means. The oils coming from the fMuid coker accounts for 45% of the total improved
crude volume.

Atmospheric distilation: Naphtha T 09 vol %
' Light gas oil - 55
Heavy gas oil 129
Vacvum fashing: Gas oil 360
Fluid coker: Naphtha 112
Gas oil 335

Total 100.0 vol. %
Study Base

(1) Crude assay data on the 50/50 mixture of Cogollar 1X and Certo Negro Crude Oil
are used for the process yields and properties of oil fractions.

(2) LGO is used s the diluent for crude oil production.
(3) Processes are equipped with two trains of unifs {0 secure stable supply of products

and safe operation. Even at the time of periodical maintenance, it is arranged that at
least a train can b in operation.

{4) Capacities of process usits are determined in such a way that train of units gives

63,000 BPSD of improved crude oil pioduction, so that 2 minimum of 125,000
BPSD of improved crude oil production can be secured on the whole.

(5} The following tasget levels are set for the properties of improved crude oil:

Specific gravity: 25-30°API
Sulfur content: 0.7wt% -
Nitrogén content: Max. 0.25 wi.%
Conradson carbon tesidue: Max. 1.0 wt.%



(6)

)

)

(&)

(10)

The heavy residual by-product is fed to the boiler, which in turn generates steam and
electric power.

Off-gas from the process is treated by the sulfur recovery unit to recovery elementat
sulfur.

Susplus off-gas from the refinery, together with natusal gas, s used as the fuel for
portable boiters which are used for crude production.

Natural gas is used as the feed to the H, Plant, and its quantity to be required is
calculated based on the supplied data concesning natural gas propetties.

As regards process fuel, the atmospheric distillation unit and vacuum Mashing unit
make use of vacuum residue as the fuel for their furnaces. Other units utilize re-
finery off-gas and by-product as the fuel.

1.2.5  Result of Study

)

)

Raw material

As a study base for raw crude oil, we used the crude assay dafa available for the
50/50 mixture of Cogollar IX and Cerro Negro Crude Oit supplied by Lagoven.

Process scheme

A process scheme is described here, referring to Fig. 1.2. Raw crude oil is dilufed
with light gas oil, and the mixed crude oil is fed to the atmospheric distilfation unit,
where crude oil is distilled into C, fraction, naphtha, light gas oil, heavy gas oil,
and atmospheric residue. The atmospheric distillation unit is used for the purpose of
securing light gas oif required o dilute raw crude oif and to wash pumps and other
types of machinery.

The C, fraction is treated by an acid gas trealment unit to get rid of H,S, and is
used as fuel gas. The fractions of naphtha, light gas oil, and heavy gas oil are fed to
the hydrotreater.

Atmospheric residue is fed to the vacuum flashing unif, where vacuum gas oil is
withdrawn in an amount of 30%. Use of the vacuum flashing unit is aimed at taking
out as much light fractions as possible, so as to avoid reduction in tight oil yields
caused by themmal cracking of light fractions in the fluid coker, and at securing a
necessary amount of flushing oil (such as LYGO) to be used for cleaning of in-
struments and pumps. Vacuum gas oil is fed to the hydrotreater and blended into
improved crude il as one of its base materials.

Vacuum residue is sent to the Muid coker, and is thermally cracked in the fluid coker
reactor bed into coker gas, coker naphtha, coker pas oil and coke.

Coker gas is treated by another acid gas treating unit to getrid of H,; S, and is used as



Table 1.2 Estimated Yield of Fluid Coker Case

APS 773 FLUID COKER HIR
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, MW=563
100°F CST 66000 |49 215 3038275, 485 13518275 LHV=28100 29E110] 10 10
lsg:F CsST 10517 1643300 65€150F 2BHEIOFF | YealiNm? 18
4G°F ST 5944
186°F csT 831 3258175 COGES etz
HEF T 230 {28 099 2145 15 o 60 051 40
NITROGEN wt® 0s71 |67 0.002 059 049 0.52 N, 55 06 |0231 | W0sppm | 0.49
CCR wt¥ 133 |oia? 115 02 027 o 257 H,50.5 40 015
H,S{DISSOLVED) wtppm | 84 H,0 250
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SALTCONTENT PIB 230 (DRY BASE)
TN DUST 0.213 T/H
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fuel. Coker naphtha and gas oil are sent to the hydrotreater.

Coke goes to the coke handling section, where it is pulverized to such a particle size
that can be used as boiler fuel. Flue gas containing CO gas leaves the fluid coker and
goes to the CO boiler, where it is used as boiler fuel.

Those distillate fractions coming out of atmospheric distillation unit, vacaum {lash-
ing unit, and fluid coker are hydrogenated at the hydrotrealer, in order to stabilize
cracked oils and to upgrade the blend base materials through desulfurization. Hy-
drogen required for hydrofreatment is supplied from the H, plant, where hydrogen
is generated, using natural gas and the high-pressure purge gas from the hydro-
treater. Tail gas leaving the hydrotreater is passed through an acid gas treatment
unit and used as fuel.

Stabilized oils leaving the hydrolreater are stored in product fanks as improved

crude oil.
Table 1.3 Construction Costs of Process Units
Process Unit Capacit N Construction Cost
4 0 (10% Japanese Yen)
Atm. Distiliation 102,790 BPSD 2 9272
Vacuum Flashing 67,144 BPSD 2 6,624
Hydrofrealing 60,893 BPSD 2 16,809
Fluid Coker 43,559 BPSD 2 28,111
Hydrogen Plant 0.893 MM Nm?/D 2 8,496
asH,
Acid Gas Removal 68 Ton/D 2 3,218
23 Ton/D 2
192 Ton/D 2
as H,S
Suifur Recovery 255 TonfD as S 2 3,041
and Solidification
Total 76,171

Note:
(1) Location: Chiba, Japan
() As of mid. 1980 and no escalation included.



(3) Overall material balance

C)

(5)

(6)

Fig. 1.2 shows the overall material balance for the fluid coker case. Table 1.2 gives
yiclds and properties of oil fractions leaving respective process upnits.

Fstimated cost of construction

Table 1.3 gives the cosfs of process unil consturction estimated under the following
Premises:

The refinery is erecled in Chiba area, Japan.

Costs are estimated on the “present price” basis wherein the costs of construc-
tion materials and machinery and the 1abor cost are based on the price levels
set as of the middle of 1980. Any fluciuations in prices, which may take place
in the future, are not taken into consideration.

Consiruction cost includes cost of construction materials, labor cost, costs of

design and engineering, and contraclor expenses.

Uiility requirements

Table 1.4 gives eslimated utilily requirements of process units.

Catalysl and chemical requirements
(z) Calalysl:

Hydrotreater catalysi:
Unit cost $8.3/kg
Filling quantity 241,800 kg (per train)
Catalyst life } year (tofally renewed)

Fluid coker seed coke:

Filling quantity 2,500 tons {per train)

() Chemical:

Na, PO, used as a boiler cleansing agent:

Processunits  Quantities used Cosls Remarks

Fluid coker 3 kegl/day $0.6/kg 1,000 T/D of 49-kg/em?G
steam generated.

Hydrofreater 2.9 kgfday $0.6fkg 960 T/D of 15-kgfem?G
sleam generated.

(1) Process wasles

(a) Wastewater

Steam condenses at the fractionation section of the fluid coker, and resulfant
wastewater contains H,S, NH; and other wastes. If necessary, these harmf{ut
substances have 1o be removed. The volume of wastewater per train and its
properties are as follows:
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1.26

Volume of wastewater: 73 tons/hs.

Properties:
pH 7-15
H,S 1,000 — 1,500 wppm
HN, 500 — 1,500 wppm
coD 300G — 400 wppm
i 20 wppm
il 400 wppm

(b} Chunk coke

During the fuid coker operation, coke is formed on the inner walls of the
reactor. Such coke falls off in lumps and deposits on the stripper boltom.
These lumps are called chunk coke. Such coke may block smooth circulation
of fuid coke, and adversely affects the coker operation. The reactor is thus
equipped with a chunk coke withdrawal system at the reactor bottorm, through )
which chunk coke is periodically withdrawn during operation. Chunk coke is
hard because it contains hydrocarbons, apart from its properties as bed coke.
I¢ is disposed as a waste maferial.

(8) Process plot plan

Fig. 1.3 shows a plot plan for the fluid coker case.

Major units are as follows:

(2) Reactors 10 m¢ x 2 units

{b) Bumers ) 13 m¢ x 2 units

{c) Blowers 150,000 Nm? [hr x 2 units
{d) Fractionators 8 m¢ x 2 units

(9) Major unil sizes and structure

Fig. 1.4 shows the dimensions of fluid coker reactor and bumer. Both of them are
made of carbon steel and tined with refraclory brick.

Discussion
Orinoco crude oil is a heavy crude of 8.5°APL. If a study is made on process for

converting it to low sulfur improved crude of a specific gravity in the range of 25-30°
API, the process inevifably calls for the use of cracking and desulfurization. In that case,

apart from the economic analyses of investment and operating cost, and apati from the
fechnical study of operating performance, the key points of the feasibility study are:

How can the yield of improved crude be raised, and in what way should process by-pro-
ducts be used effectively?

If fluid coker process is to be adopted, an improved crude yield of about 80% is
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expected from the raw ciude, This Jevel of oil yield is higher than in other cracking
processes. The coke by-product can be used as the fuel for boiler which generales steam
for use in raw crude oil production. The steam consumption for this use isfikely to be less
initially, but will increase gradually. Therefore, it will be necessary to stockpile surplus
coke in preparation for future use. From the foregoing points, we are convinced that the
process including fluid coker as the most improtant upgrading means can fully serve as
an Orinoco heavy crude oil upgrading process.

1.3 UTILIZATION OF BY-PRODUCT

1.3.1 By-product

About 2,000 tons/day per train of fluid coke is produced by the fluid coker, Its

properties and busing characteristic are described, and a combustion system is selected,
in this sub-section.

{1) Coke propeities

‘Bulk density: 0.897 gfcm?
Sulfur conlent: 5.19wi%
Metal contents:
V. 2,460 ppm (weight basis)
Ni. 610ppm( " )
Fe. T0ppm( ” )
Particle size:
Mesh Particle size (i) Residual on mesh (%)
20 84} 5
50 2917 15
60 250 25
80 177 55
100 149 65
140 105 75
200 4 95
Heating value: 8,080 Kmﬂké

{2) Buming characteristic

Coke has a volatile content as low as 2-3%, as compared with other heavy products
of petroleum, such as heavy oil and asphalt, which contain much higher levels of
volatile substances. Coke is therefore characterized by an ignition temperature as
high as 870 to 920°C.

{3) Combustion system



Boilers of a vertical U-frame pulverized<oal combustion type are considered the

most appropriate. This {ype of burners have significant experiences in the use with
anthracite having similar properties.

1.3.2 Conceptual Scheme for Boilers

A concepiual scheme is worked out for coke boilers and coke transport facilities,

wherein 1,000 tonsfhr. of steam having a peessure of 100 kgfcm? G and a temperatute of
$00°C is generated by using fwo boilers cach having a capacity of 500 tonsfhg. and burn-
ing about 2,000 tons/day of coke produced by a train of fluid coker.

(1)

(2

Coke transporl system

In order to improve the coke ignitabitity, coke is pulverized by mills to such a
particle size that about 20% can be passed through 200-mesh screens. Two mills,
each with a 30-ton-hour capacity, are used for each boiler. Since coke is hard (hav-
ing a Hardgrove index of about 30), some measures against abrasion are required for
these mills. Fig. 1.5 shows a flow diagram in which coke product is stored in an
amount comesponding fo about 10 days of production, with 2,000 tons of fine coke
being separately stored.

Coke is transported by a blower {o a cyclone separator, where coke is separaled
from air and stored in fluid coke silos. Coke leaving a Auid coke silo is sent o an air
separator by way of a belf coveyor and a bucket elevator. Coke is then pulverized
for size adjustmenlt and passed into fuel coke silos. Each of these fuel coke silos is
equipped with an automatic feeder, which supplies the boiler with a controlled
amount of coke by means of primary air.

Coke botilers

Fig. 1.6 iltustrates a flow diagram for the boiler system. A constant amount of coke
is withdrawn from a fuel ¢oke silo by the automatic feeder, and by preheated pri-
mary air sent to a boiler. Boiler flue gas is passed through a dust collecting unit,
where dust and soot are recovered. In working out a boiler scheme, the following
points are taken into consideration.

(a) Stable ignition and combustion

—  The boilers ate of the vertical U-frame combustion type.

— A supplementary fuel is used in an amount corresponding to 10% of the
total heal requirements of boilers.

—  An air temperature as high as possible is used (such a5 350°C).

—  Prmary air is restricted to a level as little as possible, and instead, tertiary
air is used for major combustion, so that combustion control can be
imptoved.
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(b) Fusnaces
— The furnaces are of a water jackefed wall structure. Burner zones are
lined with a refractory material to help ignite and bum the coke feed.
—  The fumace is equipped with a hopper. When molten ash is deposifed on

the furnace bottom, it is withdrawn through the boftom and received by
the hopper.

{c) Dust collection

A dust collector is installed to catch dust and soof entrained by flue gas.

(d) Measures against corrosion at high temperatures
An additive, magnesium hydroxide, is injected into boilers. This additive
is generally known to be effective in raising the melting point of ash, and
thereby in reducing high-temperature corrosion of metallic materials. It is
further expected that thisaddilive serves also to suppress the emission of $0,,
thus making this additive effeclive as a measure against low-temperature
corrosion. The quantity to be added is usually set, using Mg/V as the indicator.
Preferably it is injected at a level about 172,000 fo 1/6,000 as much as the
fuel quantity.

(e) L;easure.s against corrosion at low temperature
The fuel has a sulfur conteat of 5.8% and an estimated SOx content of about

3,500 ppm. If about 5% of SO, & converted to SOy, the SO, level may reach
170 to 180 ppm at the boiler cutlet. In that case, the dew point of sulfuric
acid dises. Therefore, temperatures are controlled, as follows:

Feedwaler temperature at the inlet of economizer: 2190°C
Flue gas temperature at the outlet of air preheater; 2 180°C

133 Economics

(1) Boiler data:

Steam production 500 tonsfhr.

Steam pressure” .- 100 kg/em? G
Steam temperature 500°C

Fuel consumption 40,100 kg/hr,
Consumption of supporting fuel 4,460 kg/hr.

Rate of combustion air flow 682,000 kg/hr.

Gas flow rate at combustion chamber outlet 726,560 kg/hr.

Gas temperature at air preheater outlet 190°C

Auxiliary power 8,300 kw

Cooling water flow rate Approx. 80 m*fhr.
Control air Approx. 5§ Nm?/min.



(2)

3)

Construction cost:

With two boilers each having a capacity of 500 tons/hr. and refated equipment
listed below, the cast of a boiler plant is estimated at 14,000 million Japanese Yen.
The cost is calculated for middle 1980 on the present price basis, assuming that
the plant is erected in the Chiba atea, Japan. The related equipment‘ includes;
—  Coke transport and storage facilities.

- Buming facilities, including mills, coke feeders, and burners.

—  Boilers.

—  Blowess.

—  Electric dust collector.

-~ Water supply system

—  Steam- and water-pipes.

—  Instrumentation and control devices.

The cost alse includes the costs for design and construction work.

Area requirement for the fluid coker process:

An area of 130 m x 150 m is required Lo accomodate Muid coker units and coke
handling equipment. Major storage silos have the following sizes:

A coke silo for the startup/shutdonw use: 15 mdx 22 mH
Fluid coke sitos: 22m¢x33mHx S
A fine coke silo: 13 m¢ x 20 mH

The 500-{on-per-hiour boiler of the pulverized coke combustion type has a size of
aboet 11.5m x 14 m x36 mH. .



CHAPTER 2 DETAILED DESCRIPT[ON OF EUREKA PROCESS
(Prepared by Kureha Chemical Industry Co., Ltd.)

2.1 TECHNOLOGY OF PROCESS -

2.4

Intsoduction

The most impsotant factors requited in an upgrading process of heavy crude oil are:

(1) High oit yield

- {2) Oil properties which can afford the convession of the cil to the widest range of

useful petroleum producis theough ordinary treating processes, and

(3) Effective utilization of residues,
Besides meeting the above r‘eﬁuirements‘, the produced synthelic crude oit must be
able to compete costwise with crude cil from conventional oil ficlds.

Upgrading processes of heavy crude oil ¢an be classified as follows:

-(I) Physical removal of impurities (solvent extraction).

(2) Hydrogenation (hydrogen addition), and
{3) Removal of surplus carbon by thermal energy application {carbon rejeciion).

- The EUREKA Process is a thermal cracking process belonging to the classifica-

Ction (3).

Generally no catalyst is used in thermal eracking, which gives the characleristics
that it does not specify the kinds of impurities contained in treated heavy oil, and that it
is not necessary to settle the problem of catalyst exchange caused by heavy metal and
heavy component poisoning or coking.

The EUREKA Process, which is a thermal cracking process achieved by the use of
steam, differs remarkably from other processes in that it is characterized by its unique
properties of pitch. “As to the oil properties, the yield of heavy gas oil fraction is rela-

- tively high, which shows that further treatmen(s can convert it to a petroleum product
- pattern which fits into the specific refinery requirement.

The remnant is a highly stabilized and homogencous pitch, a polycondensation
material of an aromatic nature.

-~ 7 This kind of pitch, besides being used as an additive in coke manufacturing for the
. iron and steel industry, may be ulilized fos a wide vanéty of applications.

- Another of its merit is that, though it is in a solid s{ate similar {o coal at normal
temperaturés, it can be handled in a fluid state through the EUREKA Process and the
plant can be kept clean without the need for handling solid bodies.

Since the first EUREKA Process commercial plant (with an approximate capacity

of 20,000 BPSD) commenced operation in February 1976, it has been successfully
operated fos over four years.



More than thirly kinds of crude ol have be¢n freated, most of which are of Middle
East origin with the recent inclusion of Venezuelan heavy crude oil.

Generally speaking, one of the difficulties of heavy oil upgrading may be coking
problems. In the EUREKA Process thorough and careful counfermeasures against coking
have been applied and their effectiveness have been confirmed through actual operation
during the last four years. :

Because of the characteristic high cracked oil yield and the capacity for producing
valuable pitch, the EUREKA Process has attracted public altention.

Tests are being carried oul with various kinds of feedstock. It has been proved that
Canadian oil sand bitumen and other kinds of héavy oil can also bé used as feedstocks.

The Shengli vacuum residue of the People’s Republic of China will be used as a
feedstock to the second commercial plant of EUREKA Process at the Nanjing Petro-
chemical Complex. It is expected to commence operation in 1982, and the cracked oil
is supposed to become 2 fezdstock to an ethylene plant.

In view of the long-term experience and confirmation in the actual plants, it &
clear that the EUREKA Process is the most suitable of the heavy oil upgrading processes.

Background & History of Process Development

The EUREKA Process, a theymal cracking technique achieved by means of high
temperature steam, was established by the Kurcha Chemical Industry Co, Ltd. as a
result of a series of developments in themal cracking technology for acetylene and
ethylene manufacture.

First, KUREHA achieved the manufacture of vinyl chloride by a new technology
including naphtha thermal cracking, and started the operation of the [lirst commercial
plant in 1964.

Know-how was subsequently exported to foreign countries, and five plants have
so far been constructed worldwide. The above development was followed by the study
of thermal ¢racking of crude oil when KUREHA anticipated the necessity for treating
heavier maferials for petrochemicals in the future, In 1970, KUREHA started its com-
meicial plant cperalion for thermal cracking of crude oil fo produce acetylenc and
ethylene by means of high temperature steam.

With its accumulated thermal cracking technology, KUREHA sct about the tech-
nical development of the EUREKA PROCESS in 1970 with a view to producing cracked
oil which can be easily desulfurized, and pitch of highly aromatic nature by means of the
thermal csacking of vacuum residue. In 1972, KUREHA constructed a 45 BPSD pilot
plant with the co-operation of Chiyoda Chemical Engineering & Construction Co., Lid.

In those days, there were two social backgrounds in Japan.

On the one hand, low sulfur fuel oil was required to meet the demands of pollution



problems and the surplus vacuum residue had to be utilized effectively as the import of
heavier crude oil was on the increase.

On the other hand, the iron industry was confronted with the scarcity and pﬁce
ris¢ problems of high-grade coal as a raw malterial.

To solve the latter, Sumitomo Metal Industries, Ltd., in co—dperation ‘with KU-
REHA, developed a technique for producing coke of superior quality by using a large
quantily of cheap non-coking coal instead of expensive coking coal, with the aid of the
special additive of a highly aromatic pitch, produced by the EUREKA Process, and put
the techniques to practical use.

In the meantime, Arabian Oil Co., Ltd. which produces high sulfur heavy crude oil
at Khafji in the Middle Basl, and Fuji Oil Co., Lid. which purchases the Khafji crude as
one of its importing crude oils showed 2 keen interest in the EUREKA Process.

As a result, a joint venture comi)any, the Eureka ln.dustry Co., Ltd. was established
by the four concerned companies, KUREHA, SUMITOMO, ARABIAN OIL, and FUJI
OIL. | .

In February 1976, the first commercial plant with a capacity of some 20,000
BPSD of vacuum residue was completed on the FUJI OIL site at Sodegaura on the coast
of Tokyo Bay. It has been operating successfully up to the present.

The second commercial plant to be constructed in Nanjing, China is now being
engineered by CHIYODA. This plant, with a capacity of 20,000 BPSD is expecied to
start operation in summer in 1982 and will dispose of the vacuum residue of Shengli

crude.

The following is a summary of the KUREHA’s historical events related to the
KUREHA thermal cracking technique:

1964 Mixed gas process commercial plant for the production of vinyl chloride by
naphtha cracking started operation.

1967 Pilot plant for crude oil cracking.

1968 Pilot plant for carbon fiber production.

1970 Crude oil cracking commercial plant started operation.

Carbon fiber production plant started operation. Pilot plant for activated
carbon production.

1971 Pilot plant for vacuum residue ¢racking.

Eureka Industry Co., Ltd., a joint venture of FUJI OIL, ARABIAN OIL,
SUMITOMO, and KUREHA was eslablished.

1972 Commercial plant for activated carbon production started operation.

1973 Codevelopment study was slarted with the Union Carbide Corporation and
CHIYODA on the ¢rude ol cracking process for olefin production.

1976 20,000 BPSD commercial plant for vacuum residue cracking started operation.



2.1.3  Process Description

Fig. 2.1 shows a brief process flow chart. The EUREKA Process consists of the
following.
(1) Heater Section
(2) Cracking Reaction Section
(3) Cracked Oil and Gas Fractionating Section
(4) Cracked Gas Desulfurizing Section
(5) Pitch Flakes Seclion
{6) Waste Waler Treatment Section

Petroleum residual oils are mosily complex mixiure of hydsocarbons and their
molecular structures are not known very well.

The abofe. makes it difficult to grasp and explain the ¢xact reacling process of
thermal cracking réactions. The fundamental chemical reactions, however, are con-
sidered 1o be as follows:

(2) Thesmal cracking reaction of paraffinic and naphthenic portions of large
molecules forms paraffinic oil of lower molecular weights with a small amount

of gaseous hydrocarbons.

(b) Radical condensation reaction befween dealkylated asphaltenes forms higher
molecular weight aromatic pitch.

These reactions take place simultaneously in the reactor.

The feedstock is fed to the preheater, where it is heated to about 340°C. It then
eaters the bottom of the fractionator to be mixed with fecycled oit. The mixing ratio
of the feedstock and the recyded oil, namely the recycle ratio, isgtgtennined by the
propeities of the feedstock as well as by the selection of the end point of the cracked
cil. The effluent sent out of the fractionator is chasged to the reactor through the
switch valve alter being heated up to cracking temperature by the charge heater,

There are Iwo paired reaclors so that the feed may be done aliemalely, acling
simitarly fo coke drums in delayed cokers.

Both cracking and polycondensalion in a fluid state take place in the reactors. The
heat required for the cracking reaction is provided by the chasge heater effluent and
the superheated steam (SHS) blown into the reactors.

At the same time, the SHS plays a part in stripping the cracked oil immedialely
out of the reaction system. The thermal cracking reaction is carried out semibatchwise,
and the standard cycle time is four hours. The procedures on the above basis are:

{a) Fead charge 2 his.
(b) Soaking i hr.
(¢) Quench, Blow down and Stand-by 1 hr.
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The cracked products — oil and gas — are introduced into the fractionator from the
fop of the seaclor, together with steam.

A very small amount of entrained pitch is washed at the tower part of the frac-
tionator. Thé upper of the fractionator is an ordinary distilling column.

The viscosily of the reactor bottom material gradually increases as a result of a
polycondensation reaction. The extent of the reaction is conveniently measured in
terms of the softening point (SP) of the bottom material. This bottom material is called
“pitch.”

When the SP reaches a predetermined point, the pitch is quenched and blown down
into a vessel called *‘a stabilizer™.

Pitch is in a fluid state in the vessel, and continuously pumped to the flaker.

In the flaker, pitch is uniformly and thinly spread on the surface of the steel belt,
and solidifies into flake pitch as it is cooled.

The cracked gas is used as a fuel in the process alter hydrogen sulfide and others
have been removed. The cracked oil is separated inlo two fractions — cracked light oil
{CLO) and cracked heavy oil (CHO).

The heat carried by the CHO is effectively recovered as steam. The recovered steam.

almost compensates for the consumption of steam within the reaction section of this .
process.

Process Fealures

The reaction eondition of the EUREKA Process is milder than that of a delayed
coker, and the reaction temperature in the reactor is 410-430°C under almospheric
pressure.

The reactor system consists of a pair of equivalent units, and though the reaction
is carried out semibatchwise, the feed is continuous.

If the heavy oil is kept at the cracking temperature for some {ime, there oceur two
complelely opposite simultaneous reactions — cracking and polycondensation. It is
generally impossible to thermally convert heavy (:;-i]s into light oils without forming such
polycondensation products as tar, pitch, coke, and so on.

Herein lies the problem of the polycondensed products of the thermal cracking
process. The residue thermal cracking processes are classified into the following three
categories according 1o the stale of the products:

(1) Solid _..... Coker (Delayed coking, Fluid coking process)
(2) Liquid .... Homogeneous pitch {Eureka process)
3) Gas....... Fuel gas (Flexicoking process)

The third process is essentially the same as fluid coking if coke gasification is ex-
cluded.



If the reaction is stopped on its way to coke formation in category (1), a liquid
product might be obifained, but homogeneous pilch will not be obtained in this case.

As a result, the reactor will suffer from severe coking, and stable and conlinu-ous
operation will be practically impossible.

It is clear, therefore, that the second case is unique and differs remarkably from
the other {wo.

‘The outstanding characteristics of the EUREKA Process are as follows:

(2} A high yield of cracked oil is obtained.

(b) As the reactor boltoms malerial — pitch — c¢an be handled in 2 fAuid state,
the plant itself is operated easily and the plant yard can be kept clean and
hygienic since it is not necessary to perform the cutting off of coke and the
like.

{c) The produced pitch is a highly stable and homogeneous material, and it may be
ulilized effectively in many ways. One of them is itls use as a special additive
for manufacturing high-grade coke from tow-grade n:okiné coal, and the method
has already been pul to practical use.

The utilization as a gasifier feedstock and as a fuel is also drawing atfenlion.

(d) The cracked gas yield is low at only 4 to 5%. Yel the production rate almost
satisfies the amount of fuel required by the unit.

The typical product yields and properties of the EUREKA Process are shown in
Table 2.1.

2.1.5 Feedstock Variation

The yields and product properties from the commercial plant and pifot operation
are summarized in Table 2.1. While the product yields are somewhat influenced by the
feedstock properties, the product properties, with the exclusion of sulfur content are
almost independent of the feedstock in the case of the Middle Eastern crude oils such
as Khafji, Kuwait, Arabian Light, Iranian Heavy, and Murban.

Table 2.2 shows the ciude oil sources processed at a commercial plant or test plant;



Table 2.1 Feed & Product Properties and Product Yields

Crude Source Aﬁz}i‘in ‘:;::’3;“ ];;:::; g‘:}i‘ Shengli
Feed

Nominal Cut Point  CF) 1,000+ 930+ 1,020+ 1,0004 950+
Gravity CAPI) 30 59 63 85 143
CCR (WT%) 20.5 212 209 15.1 135
Sulfur (Wr%) 42 5.19 337 193 132
Metals V/Ni (PPM) 66/24 131/45 429/121 63/33 3.5/50

Pioduct Yield
Cracked Gas Wi%) 52 49 49 53 5.5
(C1—4)
CLO WT%H) 113 14.1 14.2 129 123
CHO WT%) 534 503 506 589 572
Pitch (WTE) 301 30.7 303 229 250
Total (WI%) 1000 100.0 100.0 1000 1000
Product Paoperties
CLO )

Nominal Cut Point  CF) C5-460 C5-460 C5-460 C5-450 €5-450
Gravily CAPD) 518 518 518 $20 542
Sulfur wiz) 1.5 16 1.1 08 1.23
Bromine No. 59 89 £9 £9 66

CHO

Nominal Cut Point  (CF) 460-1,000  460-1,000 460-1000 460990  450-930
Gravity CAPI) 2t5 218 2L.5 20.7 284
Sulfur (WT%) 21 31 26 1.5 099
Bromine No. (WT%) 35 3s 35 35 30

Pitch
Softening Point* (CF) 360 360 360 420 270
Sulfur (WI%) 69 795 47 29 13

* By Kureka Tesling Method



Table 2.2 Yacuum Residue Experienced in Fureka Test Plant

Oil sand bitumen ‘Arabian light
Lloydminsier Iranian light
Bow river Kuwait
Orinoco heavy oil (Cesro Negro) Ummshaif
Bachaquero '
- Arabian Heavy Murban
Khafji Oman
Iranian Heavy Zakum
Gach Saran
Hout ,
Basréh Heavy Shengh Othess

Process Application & Utilization of Cracked Qil

Fig. 2.2 shows the application of The EUREKA Process. The Figure is based upon
actu?al operation in Japan, and the cracked oil is used for low sulfur fuel oil after hydro-
treaiing.

“In addition, the heavy gas oil yield of the EUREKA Process is selatively high, and it
is pOssiblé to manufactuse various petroleum products to meet the demand of the market
by the combined application of other lreatment equipment.

“Some examples of these schemes are shown in Figs. 2.3, 24 and 2.5. A proper
combination could be selected depending on the specific requirement fo meet the market
demand b}} the refinery.

Fig. -2.5 shows an example in which the cracked oil is used as feedstock for an
ethylene plant.

The following features of the further processing of the EUREKA Process cracked
oil may be mentioned.

(1) Since the octane number of C,/180°C portion naphtha is relatively low and the
sulfur content is high, it may not be used as a gasoline blendstock as it is. It can
be converted to a high octane gasoline blendstock, if it is treated in the pretreater
andfor the catalytic reformes. In this case, the sulfur compounds in C,/180°C
poition can be reduced to almost zeto in the picireater.

(2) Diesel Qil for 180/360°C Fraction

The 180/360°C potlion has a good specific gravity, distiliation properties, and
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cetane number for diesel oil. However, its sutfur and olefin contents are rather
high. This portion can be used as a diesel 0il blendstock after it is hydrotreated.

(3) FCC, Hydrocrackes Feedstock for 360/500°C Fraction

The 360/500°C portion can be converted to various petroleum products through
FCC or Hydrocracker {reatment.
If fed to the FOC unit after being pretreated in the hydrotreater to remove sulfur

and carbon residue, it makes the FCC unit operate at milder conditions with higher
gasoline yield.

2.2 PROCESS SCHEME FOR IMPROVED CRUDE OIL PRODUCTION

2.2.1

222

Introduction

The EUREKA Process thermal cracking lests on the samples sent from Venezuela
through Japan Intemnational Cooperation Agency (JICA) were camried out on a labosatory
and bench scale at KUREHA Laboratory in Iwaki City, Fukushima Pref. from March
1 to March 31, 1980. )

The Venezuelan Orinoco heavy crude (CERRQO NEGRO) was pretreated by JICA,
and about 100kg vacuum residue was supplied as the test sample.

The cut point of this sample was markedly lower than the cut point fixed up as the
condition of this study (995°F) because the sample was relatively susceptible to thermal
cracking and there were also some technical restrictions on the prefreatment equipment.

It was thought that the fested sample might be a tittle different from what it is
supposed to be, since the tested sample showed a somewhat larger Conradson Carbon
Residue value than that 6f LAGOVEN crude assay, the study basis.

For the above reasons, all the data given in this report were prepared by making a

comeclion to the test resolts to fit in with 995°F + vacuum residue of LAGOVEN's
crude assay.

Cracking Tests and Test Facilities
{1) Qutline of fest facilities and method

The test was performed by the combination of the fundamental study by the flask
scale apparatus and the more quantitative study by the bench scale. Fig. 2.6 shows
the rough design of the Bench Scale. Table 2.3 shows an example of typical ex-
perimental conditions.

The properties of the sample used for the cracking test and the study basis data
from LAGOVEN’s crude assay are given in Table 2.4.

The results of the thermal cracking test revealed the following characteristics of the



Orinoco heavy crude vacuum residue, as compared with the vacuum residue from
the Middle Eastern crudes actually used at the present commercial plant.

(a} Reaction rale is faster, so the reaction temperature can be lowered.

(b} Cokingin the reactor is smaller.

From these eharacleristics, this material is regarded (o be treated easily by EUREKA
Process more than the vacuum residue from the Middle East csude, and il may be said
that this material is suitable as feedstock for the EUREKA Process.

Table 2.3 Experimental Conditions

Feed Rate KefH 24
Recycle Ratio — 021
Tube Heater Cond’ns
Outlet Temperature °F 842
Outlet Pressure PSIG 286

Reactor cond’ns are shown below.

TEMPERATURE
C184°F
765°F
STEAM FLOW RATE
0.36 KG/H
662°F
T T L]
0 30 120 150 MiN.
CHARGE TIME !_ L!

SOAKING TIME

Reactor Pressure : Atmospheric



Table 2.4 Properties of Cogollar !_)Slgr!o Negro Vac. Residue

(A) (B) Reference
Nominal Cul Point, °F 830 995 932
API Gravity 39 1.8 1.4
Sulfur, wi% 4.1 43 39.
Nitrogen, » _ 0.83 082 0.51
CCR.,, =~ 228 257 200
Vanadium, ppm 559 654 202
Nickel, = 148 162 136
{A): The sample for the tesi, prepared by JICA

{B):

The study basis, taken from the Crude Assay

Reference — Typical feedstock of Sodegaura Plant

{Mid. —East mixtures)

2.2.3  Yield & Properties of Cracking Products

n

(2)

Yield

Fig. 2.7 shows the overall material balance based on the study basis feedstock, that
is lo say, a necessary comection was made to the experimental resulis. Though the
pitch softening point was fixed at the same fevel as applied to present commercial
plant production, it is considered, from the properties of the pifch obtained from
the experiment, that the softening point can be further raised. In that case, it will
be possible to lower the pitch yield and to raise the cracked oil yield respectively,
as compared with the values given in Fig. 2.7.

Properlies
(a) Cracked gas composition

Table 2.5 shows the gas composition oblained from the corrected data of the
experiment.

CO and CO, values are somewhat larger than those of the vacuum residue of
the Middle EBastern crude oils. 1t is supposed that the difference comes from
the oxygen compounds in them.

{b) Cracked oil propertics

Table 2.6 shows the properties of the cracked oil obtained from the corrected
data of the experimenl. In spite of the high rate of heavy melak contained
in the material, their transfer into the cracked oil is very small, and the heavy
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FEED

CR*D CAS
h-

100

EUREKA

ct")

NS

N N

PITCH

(wi2)

4.0

CR'D L'T OIL

8.3

(C5-482°F)

CR'D H'Y O1L

50.7

{482-1000°F)

37.0

ORINOCO HEAVY OIL
UPCRADING PROJECT

OVERALL
HATERIAL BALANCE
FIG. 2.7




Table 2.5 Cracked Gas Composilion
vol. %
H, 3.54
Ci, 35.42
CO 1.73
CcO, 1.39
C,H, 207
C,Hg 15.16
C;H, 8.75
Cs;Hg 4.62
CyHyo 4.37
CiH, 4.82
13CH, 0.01
H,S 17.59

Mercaptanes 03

Table 2.6 Cracked Oil Properties

CLO CHO

Nominal Cut Point °F Cs — 482 482 - 1,000
API Grayity - 506 168
Sulfur wt% 0.6 3.6
Nitrogen . - 0.3
Vanadivm ppm - <0.1
Nickel " - <0.1
Bromine No. - 849 423
Diene Value - 4.9 45
Total Acidity - <40.1 1.46
ASTM Distill

1BP °F 109 426

10 vol%b “ 205 576

50 " * 324 788

90 " . 442 928

97 “ * 486 995




melal compound in the cracked oil is the same as that in Middle East raw
materials.

{c} Pilch properties

Table 2.7 shows the pitch properties obfained from the comected daia of the
experiment.

In comparison with the Middle East materials, the sulfur content in the pitch
is lower because the sulfur content in the raw matérial tends to be transfesred
uniformiy into the cracked products (gas and oif).

The produced pitch is also very homogencous, and the quinoline insolubles
are low. ,

Al the same time, it is supposed that the homogeneity of this pitch will make
it easier to treat it in a fluid state at high temperatures than to treat the pitch
of the Middle East crude origin. This will be an advantage in the opesation
of the EUREKA Process unit as well as in the effective utilization of the
produced pitch.

Taking account of the ash conleat in the pitch was excluded from this study
because the ash quantity after the desalting freatment of the raw crude oil
could not be confimmed.

Table 2.7 Pitch Properties

Reference

Softening Point °F 428 439
Volatile Matter wit® 453 39.7
C " 86.1 85.8
H " 6.1 6.0
s " 44 57
N - 1.7 1.2
H/C - 0.85 0383
Vanadium ppm 1,598 688
Nickel " 400 487
Heptane Insol. wi% 712.1 804
Benzene Insol. * 49.5 515
Quinoline Insol. " 10.5 17.8

Reference -- Typical pitch properties of Sodegaura Plant (Mid.—East mixture)



224 Investigation of Improved Crude Qil Production System
(1) Flow Scheme

On the basis of the results of the foregoing cracking test, the upgrading scheme to
produce improved crude oil with the fixed propesties (25-30°API, sulﬁ_:r content

max. | wi%) was investigated. (See Fig. 2.8) This schemne consists of the following
PIOCess umnits:

—  Atmospherc Distillation Unit

—  Vacvum Flashing Unit

—  EUREKA Thermal Cracking Unit

—  #1 BRydrotreating Unit

—  #2 Bydsotreating Unit

—  Hydrogen Generation Unit

~ Acid Gas Removal Unit

—  Sulfur Recovery Unit

In addition to the above units, the scheme is equipped with a Blending System and
a Boiler system for which the pitch from the EUREKA Unil is used as a fuel.

This process configuration was selected as it is suitable for producing 125,000
BPSD improved crude oil to meet the specified properties, from as little raw crude
oil as possible. .

The improved crude oil produced here almost satisfies the target properties except
the distillation yicld of each fractions.

The selection is based upon the following considerations:

(3) Though it is possible to use raw crude or reduced crude directly as a feedstock
for the EUREKA unit, it was considered valuable from the economic viewpoint
of the whole system fo equip it with both an atmospheric distillalion unit
and a vacuum flashing unit so as to separate the light distillates first by the

ordinary method and fo use the vacuum bottoms as feedstocks for the EU-
REXA unit.

(b) The kind of desulfurization unit and the operating conditions (pressure, tem-
perature, kind and quantity of catalysts, H, consumption, etc.) are largely
influenced by the properties of the crude oil and the target properties of the
produced oil. However, as regards the specific gravity (25 — 32°API) and
sulfur content (max. 1 wt%) of the impsoved crude as whole fraction, these
properties may be satisfied even by blending the other desulfurized distillates
(VGO, Cracked Oils) without desulfurizing the light distitlates (Naphtha,
slraight run Gas Qif).

With a view to atfaining the target yield of each distillate, the desulfurization



process unit for light oils (Straight run Gas Oif, CLO) and heavy oils (VGO,
CHO) are to be prepared separately in this study in consideration of desulfuri-
zaltion conditions.

As o the virgin naphtha, the specifications of the improved omude oi are suf-
ficiently satisfied without the need for desulfurizing itself, by blending it with
the desulfurized oil, since the produced quanlity and the svlfur content are
both small.

Among the target properties of the improved crude oil, the distitlate yields
al C4-375°F and 650-1,000°F have not been achieved by this proposed
scheme and under each operating condition.

These target can be achieved by changing the desulfurizing unit of the scheme
a lite to hydrocracking type.

With regard to distilfates of 650—1,000°F, however, if the user of the improved
crude oif desire to converd it (o the appropriate pefrofeum product pattem
according to the changes of market demand, he can easily atfain it by treating
that fraction with such process as FCC and the like.

For these reasons, the hydrocracking process has not been adopted in the
proposed scheme.

(¢} With regard to the fuel system in the upgrading system, the following selection
has been made to utilize all the process gas generated in the system for ifs
fuel, since the amount of the process gas is small and it is suitable for the fuel
of the H, generating unit, and to usc a part of the vacuum bolioms for fuel
ol to supplement the insufficizncy.

— As a rule, the fuel n?quiied by the EUREKA unit can be fully supplied
by the cracked gas generated in the Process. In this system, however,
part of the cracked gas is used for the H, generating unit, and the insuf-
ficiency of the EUREKA unit is supplemented by fuel oil.

— Though the kind of fuel used for the steam teforming H, generation
unit differs according to the types of reformer, gas or naphiha is gencrally
utilized. All the gas generated in the syslem is therefore supplied for
this purpose. )

—  Fuel oil is used for all of the required fuels ifi the atmospheric distillation,
vacuum flashing and desulfurization units.

{d) All of the pitch produced by the EUREKA unit is used as fuel for the boilers
to generate the steam for the power plant.

(2) Material balance

The material balance is given in the Mow scheme of Fig. 2.8. The API gravity and
the suflur content are also shown.
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(3) Properties of improved ¢rude oil

The estimated properties of improved crude oif are shown in Table 2.8.

Table 2.8 Properties of Improved Crude Oil

Eraction Yield Gravity Sulfur
(vol %) CAPI) Content {wi%)
Whole 100 25 0.41
Cs— 375°F 73 49.8 0.09 (max.)
375 — 650°F 324 31.4 0.1 (max.)
650 — 1,000°F 603 19.3 0.6 (max)
1,000°F+ 0 - -

{4) Economic factors

(a) Plantcost

The plant cost of each process unit constituling the whole process scheme is
summarized on the following:

Table 2.9 Comstruction Costs of Process Unifs

Construction Cost

Process Unil Capacity Nos {(10° Japanese Yen)
Atm. Distillation 103,162 BPSD 2 9,292
Vacuum Flashing 67,373 BPSD 2 6,640
No. 1 Hydrotreating 16,070 BPSD 2 3,607
No. 2 Hydrolreating 45,836 BPSD 2 14,599
Eureka 42,328 BPSD 2 24,944
Hydtogen Plant 1.08 MM Nin?*/SD 2 9,508

as H,

Acid Gas Removal 315 Ton/SD as H,S 2384
Sulfur Recovery and 285 TonfSD as § 3,265

Solidification

Total 74,239

Note:

(1) Location: Chiba, Japan
(2) As of mid. 1980 and no escalation included.

a8 -



{b) Uiilities Consumption

The utitities consumption of each process unit is summarized in Table 2.10
and 2.11.

(c) Catalyst and Chemical

The injtial catalyst and chemical inventory and operating cafalyst and chemical
requirement are shown in Table 2.12.

(d) Plant Area

The plant area of each process unit constituting the whole process scheme

is as follows:

Process Unit Capacity Plot Area
EUREKA Process 84,656 BPSD . 50,000 m?
#1 HTR 32,139 BPSD 12,000 m?
#2 HTR 91,671 BPSD 24,000 m?




SuTjo00 [EoRWELROL FUTPNIY
Buyoeo MITMEYIN
Ingms Se (/U0L

(s)
#)
(€}

gt s guoL (2

T 88 Q/ WN 01X (D)

~ppeut Apuend oavopu soanBy oarrEdoN (030N

£LOP | 9908 | TOL'ST riL- 1878~ | v'89 oLel-| €sLs | §0- | TS| 18T | ULLS'TE moL
o've- 6'€8 6'65- WI'T 665 Az0A029Y INJMS
2 ) (&)
1891 £007- 756 9's 9 0£9 RAOWRY £20 PIIY
g {#) ()
eILt | oL 1'Lb- ¥eL- £y L'8ET §TL- 6%1'T 091'Z surly woSompAH
rr A (] (V)
958 LEY'T © 0'$5- 9'9L- | 9011 9P~ 9°0¢ ' 11 1L9'16 SupzonompAl T ON
$
144 §$¢ © §'6- §'pl- | 961 ye- | 8L $01°€ 6€1'2E SuneonopAH 1 "ON
$
669 esel | 99P'8 © 05T~ gLLY 0'€L 00001 | 959'¢8 ™oy
S
<601 99Tt £0s~ £05 69 6'9 o'l SpLPEY Suryre(g UMNSTA
w W .
601 Lzt 168« ¥'89 TIT-| L0T 1T | PEL'T £24'907 UORTMSKI URY
i W : : ,
1{8) $05 Iopem ITA Ivem JOITAM g1 ) add a8 | D.0LT | 0,00v Al asad
H/TeoY (01X Sureed 5307 mog | $80%01d oNS'C | ONST | DM AU FOR0Xd
1t | H/OL 18M H/uo), umorg 01 Aroede)
(ose)y wYounz)

(z/1) saudwermboy AR PHTWBST  Q1'Z SABL



Table 2.11  Estimated Utility Requirement (2/2)

(Nm? {11}
Unit Instrument Air N,
EUREKA 84,656 BPSD 180 -
#1 HTR 32,139 BPSD 600 -
#2 HIR 91,671 BPSD 300 1620
Table 2,12 Catalyst and Chemical Costs
Initial Cost Operating Cost
Pirocess Unif Total Capacily (10° ¥) (10° ¥JY)
No. 1 Hydrolreating 32,140 BPSD 128 320
No. 2 Hydrolreating 91,672 BPSD 627 3135
Eureka 84,656 BPSD 69 61.6
Hydrogen Plant 2.16 MM Nm3fSD asH, 2972 97.6
Acid Gas Removal 630 Ton/SD as H, S 225 -
Sulfur Recovery 570 TonjSD as 8 363 88
Total 1,it84 519.5




(e) Operating personnel

The operating personnel required for each process unit is as follows:

Process Unit Capacity No. of Operator

(per shift) -
EUREKA Process 84,656 BPSD 13 persons
#1 HTR 32,139 BPSD 7 persons
#2 HTR 91,671 BPSD 10 persons

(5) Intermediate tank list

The infermediate tanks required by EUREKA Process, #1, #2 HTR plants are as
foltows:

Name of Tank Capacity No. of Requirement
EUREKA Feed 1 day 13,500 k3 © 2units

CLO 2 days 3400 K1 § unit

CHO 2 days 15,500 ki i unit

YGO 2 days 14,000 kI 1 unit

LGO 2 days 3,000 K I unit

HGC 2 days 6,000 k1 1 unit

{6) Process wasle

‘The quantity and propesties of the waste water from each process unit are given in
Table 2.13.

23 UTILIZATION OF BY-PRODUCT

23.1 Utilization for Boiler Fuel
(1) General

Pitch produced by the RUREKA Process is similar to coal in appearance, and can

be handled in almost the samie way as coal, but in their properties as fuels, pitch

has larger calorific value (9,000 Kcalfkg), and less ash content than coal in their

properties as fuels. And the pitch is more easily crushed because of a higher Hard-
grove index. In addition, though pitch is sotid under nosmal temperature, it can be

handled as liquid if it is kepl above the softening point.

As pitch has the above properties, it can be used as fuel in the following two ways:

(a) Atomized tiquid pitch fising method.
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2)

(b) Pulverized sofid pitch firing method.

As to these firing methods, the fundamental firing tests have already been performed
by a boiler manufactuser, and they have obtained satisfactory resuits. Although
the above {wo methods are both practical from a technical viewpoinl, the pulverized
pitch firing method is considered more favorable in this study due to the conveni-
ence of pitch transfer and storage.

The boiler system with the pulverized pitch firing is almost the same as the ordinary
boiler system with pulverized coal firing.

Steam user’s requesls and local conditions should be considered carefully before
boiler system will be decided. Typical case is as follows:

Qutline of boiler plant
{a) Specification of boiler plant
In the first place, the boiler plant must be met with the following established
conditions.
—~  Fuel
All the pitch produced by the EUREKA process unit in the refinery.
EUREKA pitch outpul:  5,269T/SD = 220T{H (7,080H/Y)
2,635T/SD = 110T/H (1,680H/Y)
Fuel for boiles: 220T/H (7,080H[Y)
110T/H (1,680H/Y)
— Evaporation
2,640T/H (7,080H/Y) at 100kg/cm® G, 500°C
1,3207T/H (1,68CH/Y) at 100kg/cm? G, 500°C
—  Number of boilers and its each capacity

Number of boiler ...... e 4
Capacity ............... G660TfH (each)
—  Plant availability

On the basis of 330 day/year operation, refinery plant has been designed
as 2Train system.

Since the required electric power and steam supply have not as yet been
confirmed, all pitch produced is to be temporarnly used as boiler fuel.
During the refinery mainfenance period, the availability of the boiler
system is also lowered to 50%.

The operating scheme of boiler plant and refinery is as follows:



(b)

Refinery Boiler Plant

Two (rains operation 100% Avaitability

295 daysfy (1,080HfY)
One train operation 50% Availability

70 daysfy (1, 680HfY)

The boiler plant consists of the following sysfem:

Pitch transfer system

Pitch storage yard

Pulverizing and feeding syslem
Boiler

Qutline of each system of boiles plant

Pitch transfer system

The RUREKA pitch in coarse grain form is transferred to the pitch bunker.
of each boiler from EUREKA process unit by conveyer bell.

The éapacity of the conveyer is 220T Ili and can transfer ali the pitch
produced through EUREKA plant unit.

Pitch storage yard )

The pitch storage yafd should be delermined on the basis considering the
condition of the field, refinery, boiler load change, and emergency stops,
and it is difficult to determine it comrectly with the given information.
For the time being, about 40,000t storage yard has been established fo
meel the requirements for emergency stops or load change of the boiler
and refinery. At the time of partial Idad oremergency stop of the boiler,
the pitch from the EUREKA plant unit is transferred by conveyer to the
slorage yard.

The softening point of the pitch is high and it does not oxidize so easily
as ¢oal, so there is little danger of spontaneous explosion. The belt
conveyer, lripper, and bulldozer are used' for stozage of the pitch. The
storage work is done during daytime duty.

The pitch is collected at the bulk pit By bucket loader and conveyed to
the boiler bunker.

Pulverizing and feeding system

The pitch pulverizing and feeding system is set up separately for each
boiter and, on the supposition that the load change of the boiler is small,
the adopted syslem is a direct combustion type that is fo send the pul-
verized pitch directly to the burner so that the mechanism may be kept
as simple as possible. Pulverizing and drying equipment are included in



the direct combustion sysfem.

The pulverizing and feeding system is as follows:

Pitch bunker: )
The capacity of the bunkes, which stores temporarily the pitch sent
from EUREKA process unil, is enough o cover the load ‘change of
the boiler.

Feeding equipment:
Feeding equipment assures accurafe melering of pifch feed and
removing of impurities tn pitch. Also it has some features to facili-
tate interfacing with combustion contiol equipment

Pulverizes:
it pulverizes the pitch suitable for boiler fuel and exposes the in-
creased surface area to primary air which flash dries moistuse of the
pitch. The pulverized pitch is transferred to the bumer.

Boiler i

The boiler is of the single drum water tube type without a convection

evaporaling tube bank.

Four units of 660 T/H boiler are planning to be installed and divided into

two groups.

Maintenance is carried out parallel with the periodical over-haul of the

refinery. In the design of the boilers, combustion technology should be

adopted, taking pitch characleristics into acount.

Firing system

A pulverized pitch firing system shail be set up separately at each boiler

unit.

The pulverized pitch is seat to bumer directly. As fo the auxiliary com-

bustion systems for using fuel oil, gas oil, and so on, the equipment shal}

be minimized on the supposition that the load factor will be kept almost
constant.

Feed water system

A 50% of the feed waler pumps are driven by electric motor, another
50% by the condensing steam furbine.

Draft system

The draft system is of the balance draft type with FDF and 1DF.

Air heater ,

The air heaters (AH) system consists of regenerative AH and steam AH,
and the ‘required steam for steam AH shall be got from the low pressure

turbine bleed. The temperature of the flue gas shall be kept about 150°C
at the AH outlet.



Electric precipitator (EP)

An electric precipitator shall be attached to each boiler unit,

NH, gas is poured in it to raise the efficiency of dust collect.

Control system

Control system such as the automatic combustion control, the auto-
matic contrel for the belt conveyer, the pitch storage yard, and so on
are all monitored at the central control room.

Ash treatment

The ash discharged from the dust hoppers for ECO, AH, EP, and so on
is sent to the ash silo by compressed air and periodically laken away by
dump frucks.

(3} Economic Factors

(2) Plant cost

Scope of the estimate

Transportation and storage of pitch

(Include beH conveyer o the bunker 800m x 2 belt conveyer in the
storage yard 500m x 2)

Pifch bunker

Pulverizing and feeding system

Boifer

Ash treatment

Accessory equipment for boiler plant

(FDF, IDF, EP)

Design cost of the above items

Local consinuction cost of the above ilems
Excluded from the estimate

Water ireatment system

Flue gas treatment system

Chimneys

Turbines

Condensor

Power lransmission system

Turbine housing.

Other common facilities

Plant cost

Boiler plant (600 T{H x 4 units): 35 billion yen
On the condition that the plant location is along Tokyo Bay, and the
engineering is to have started in January 1980.



(b) Consumption of utilities

Boiler feed water 15 T/HR
Cooling water 40 TfHR
Electric power 40,000 KW

(50% of BFP is driven by steam turbine.)
{c) Plant operaling personsniel

The number of personnel required for the boiler plant operation is as follows:

Boiler unil

Monitoring and control Day workers
Transporiation & storage of pitch t 15 men

Ash treatment Shift operators
QOther engineering work 4 menfshift

(d) Plant area
The following spaces are included in the boiler plant area, but those of flue
gas treatment and chimney are not included. )
—  Bunket room
—  Boiler room
—  Electric precipitator
— IDF
The required area:
Boiler yard = 200m x 80m = 16,000m?
Storage yard = 100m x 150m = 15 ,000m?

232 Utilization Other than for Boiles Fuel

Besides the fuel for boilers as stated above, EUREKA process pitch can be utilized
for various purposes such as special additives, gasification material, and so on. A typical
example is utilizatidn as special additives for metallurgical coke production.

In this case, pitch is evaluated as a material of higher value than fuel, and the utili-
zation of EUREKA process pitch in this field will make the process more economically
advantageous than other heavy oil cracking processes. The pitch produced by the thermal
cracking lests of Orinoco Heavy Oil is particular, is characterized by its lower sulfur
content and Quinoline insolubles as compared with the pitch acquired from Middle
East crude vacuum residue.

Table 2.14 shows the comparison of the quality of the pitch with that of the caking
component in caking coal.

For the above reasoﬁs, the pitch produced in upgrading Orinoco Heavy 0il is suifed
for use as the additives, and utilization of pitch in this field will be promoted.

The following is an cutline of the utilization for metallusgical coke production.
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(2)

Characteristics and utilization of EUREKA pitch

The pitch produced by the EUREKA process is far more zromalic in comparison

with the residue of the SDA process, and is also charactesized by its higher soflen-

ing point and lower contents of volatile matter as compared with ordinary coal

pitch.

EUREKA pitch with these charactesistics can be used as a special additive in manu-

facturing metatlurigical coke for blast furnaces by the folfowing methods:

(a) It can saise the produced coke properiies when added to ordinary blended coal.

(b} 1t allows the use of cheap non-coking coal for the manufacture of coke andfor
saves the use of expensive coking coal.

SUMITOMO METAL IND. CO., LTD. and KUREHA are proceeding with joint

development to utilize the pilch as a special additive for manufactuﬁng metal-

furgical coke, and the pitch has been put to practical use as an impostant part of

the Sumi Coal System.

The characteristics of the system for utilization of EUREKA pitch may be sum-

marized as follows:

— By utilizing the pitch as a special additive, expensive coking coal can be sub-
stituted by cheap non-coking or poor-coking coal.

— K enlarges the scope of selection of coal resources which can be used for the
manufacture of coke for the iron and steel industry.

- By adding some pilch blending appratus to the conventional coke oven system,
the system can utilize EUREKA pitch.

Fig. 2.9 shows the blending effects of the pitch.

Actual results

The first commercial plant of the EUREKA process completed it February, 1976
at Sodegaura, Chiba Pref. has been operating successfully since then, and all pitch
produced there (about 250,000t aanually) has been used al the Wakayama and
Kashima coke plants of SUMITOMO METAL IND.

At the same time some 1,000,000t of non<oking coal is being used annually for
the manufacture of coke for the iron and ste¢] industry.

Table 2.15 shows the typical operation data of the actual coke plants by simple
blending method.



Table 2.15 Operation Data of Coke Plant by Simple Blending Method.

Standard Operation Operation Operation

A B C

Coal blend (wi%) '

Low volatile coking coal 6 0 6 0

Medium-volatite coking coal 16 10 0 10

Medium, high-volatile 63 63 63 53

coking coal

High-volatile coking coal 21 21 21 21

Semi-anthracite (311) 0 4 0 0

High-volatile noncoking 0 0 K 7

coal (711) ’

Pitch 0 2 3 3
Coal charge analysis (wi%)

Total moisture 85 84 838 8.7

Ash 92 93 9.5 2.5

Volatile matter 267 276 28.5 281

Fixed carbon 64.1 63.1 62.3 628

Total sulfur 0.57 0.59 0.70 0.70
Coke analysis (wt%)

Ash 124 126 12.5 124

Total sulfur 0.55 0.53 0.59 0.59
Coke strength

DIg * 92.2 923 92.2 926
* JiS K 2151



CHAPTER 3. DETAILED DESCRIPTION OF M-DS PROCESS
(Prepared by Maruzen Qil Co., Ltd.)

3.1 TECHNOLOGY OF PROCESS

3.1.1

Introduction

Solvent deasphalting process has been occupying an impoitant position in the
petroleum industry as one of fundamental refining processes for more than 50 years.

This process is mainly used for lube refining, bul it is also allracting much attention as

© a process for preparing from residues the feed to such steps as catalylic cracking, hy-

drocracking and hydrodesulfurization. The solvent deasphalting process seleclively
removes polar polycondensed aromatic compounds as asphalt, and produces asphaltene-
free oils having less content of heavy metals. The more harmful substances the feed con-
tains, the more markedly the economics of calalytic processing would become worse,
and operation may ullimately become impracticable. Even under these circumstances,
if a feedstock like Orinoco heavy crude residue is pretreated by solvent deasphalting, the
prelreated feed can be successfully upgraded by subsequent calalytic processing.

From technical and economic points of view, breakthtoughs have lo be made in two
points, for adopting a solvent deasphalting scheme is acceplable for severe crude upgrad-
ing. Firstly, it is necessary to find the use of asphalt and to develop the technologies for
its efective utilization. Generation of steam for the production of Crinoco heavy crude
can be fully adequate as a major use of asphalf. A technology has been developed, by
which (o handle and burn effectively the asphalt having a high soffening point. As a
result, it has become possible lo generate steam by using the those asphalt-buming
boilers. Secondly, the deaspha]ting cost, which has been rather expensive, will have to
be reduced. The solvent ratio could have been lowered fo a minimum level by using a

" specially designed deasphalfer and selecting optimum operating conditions. Use of the

new model of deasphalter can lead to a reduction in the direct deasphalting cost. The
new deasphalter can be run stably even when it is used to remove high softening asphalt.
Fhe 2bove mentioned two breakthroughs make our solvent deasphalting scheme promis-
ing for Osinoco heavy crude upgreding. As stated above, the solvent deasphalting process
can be used to upgrade heavy crude oils to a given level by combining it with other pro-
cesses, such as desulfurization, hydrocraking, FCC, etc. However, the development of
an economic solvent deasphalting fechnology itself &s a key factor in the practice of an

* ppgrading scheme -involving solvent deasphalfing. In this Section, therefore, we will

confine ourselves to describe the solvent deasphalting process as an independent tech-
nology.

— 63 —



3.1.2

Process Features

The M-DS process has the [ollowing advantages over other similar processes:
(1) A higher yield of upgraded oit.

A high yield of deasphalied oil can be expected, owing fo successful development
of an improved extractor which shows excellent performance under the weil-
confrolled conditions of a low solvent ratio, a low deasphalting lemperature, and 3
relatively high molecular weight solvent.

(2) Lower plant construction and operaling costs.

The operating cost could have been minimized by sucoessful development of an im-
proved extractor and plant optimization.

(3) Superior selectivity in demetalization.

A long period of tests with a pilot plant have proven that the M-DS process gives
superior selectivity in demeltalizalion, and in addition, no entrainment of asphalt

particles occurs in an operation using an extremely low solvent ratio.
(4) Higher performance and reliabilify.

It has been confirmed from a long period of pilot plant tests thal the operation
can be easy and steady. This indicates that a high onstream factor can be expected
in a2 commercial plant operation.

Process Development

MARUZEN faunched a research and development program for M-DS Process in
early 1970s. In 1972, a large-scale pilot plant was constructed on the basis of about two
years of basic research work. Since then, the pilol test runs have been under way to
invesligate all the process variables.

In the basic research work on solvent deasphalting, the upmost eiforts have been
made to get the correlation data from among process variables such as fecdstock pro-
perties, deasphalted oil properties, type of solvent, solvent ratio, deasphalting tempera-
ture, and other operating conditions. The greatest aim in the pilot test runs on solvent
deasphalting was to develop an extractor adequate to operate at a lower solvent ratio.
The test runs were also aimed at confiming the results of basic research work.

In 1974, Maruzen was sucoessful in the development of a specially designed ex-
tractor, after several times of design modifications and subsequent performance fest.

In the meantime, concumrenily with the solvent deasphalting pilot test runs, com-
pany was caitying out a series of pilot test runs on the hydrodesulfurization
of deasphalted oils. Thus, the technical comelation data required to optimize the design
of M-DS process were increasing as these pifot test runs went oa. Following the successful
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3.1.6

accomplishment of development work, MARUZEN has completed in 1976 the basic
design work for the first commercial plant which was planned te be installed at its Chiba
Refinery, located on the outskitis of ‘Tokyo. However, the plan has been put (_)I‘f for the
time being, due to the sluggish demand for luel oils al home and the drastic change in
international crude market situation since the oil crisis.

Patent Holder

A basic patent for the M-DS process is under application (Japanese preliminary pub-
lication of patent No.30802/1977.}

Feedstock

Any crude oil of heavy quality contairing a residue fraction can be upgraded by
solvént deasphalting to obtain deasphalted oil. Solvent deasphalting is particulasty effec-
tive in pretreating those residues containing high levels of heavy metals and asphaltene.
Ordinary solvent deasphalting uses, as a feed, those vacuum residues which are as shorl
as possible.

In the case of M-DS process, either almospheric residue 6r vacuum residue is used as
the feed, depending upon the extent to which the feed is upgraded. Various fypes of
Middle East Crudes were closely analyzed with a view to using them for the pretreatment
by the M-DS process. As for Venezuelan crudes, both of Boscan and Orinoco PAC crude

residues have been put to test. The {ests on these residues have revealed the effectiveness
of this process.

Principles

Solvent deasphalting is in principle one of the pretreating technologies used to up-
grade the feedstocks by rejecting asphalt. It has been widely used as a process for pre-
treating fleedstocks of lubricating oil refining, hydrocracking and cafalytic cracking

processes. In addition, this technology has been highly appraised as a pretreater in the

hydrodesulfurization of tough feedstocks (residual oils) such as represented by Khafji
crude. This is because the desulfurization of -atmospheric residual oil is becoming an
urgent ;irob!em for refiners of the world, especially of lapah. In this feasibility study, the
solvent deasphalling ptocéss is adopted as a pretreater for hydrodesnlfuﬁzaiion of heavy
end so that it piays major role in the heavy crude upgrading scheme.

In general, the highly condensed hydrocarbons andfor metallic compounds, which
are very poisonous to the hydrodesulfurization catalyst, are mostly distributed in the so-
called asphalt. It is generally known that most of sulfur and nitrogen atoms originally
existing in a crude oil go into the entire range of its heavier fractions, but that vanadium
and nickel atoms mostly go into porphyrin complexes and high molecular weight



asphaltene. This means that vanadium and nickel are casily removed from a feedstock by
solvent deasphalling, whereas sulfur and mitrogen remain in deasphalted oil still at re-
Jatively high tevels.

An objective of solvent deasphalting is therefore {o remove these poisonous sub-
stances from feestocks along with the rejected asphalt. The solvent deasphalling is based
on the principle that different solvent power of a solvent over asphaltene and oil fraction
makes it possible to separale asphaltene from oil. The catalyst-poisoning substanees have,
by chance, a range of molecular weights and relative volatility similar to those of oil
fraction, so it is difficult to separate them by means of distiltation.

Most of low molecular weight paraffinic hydrocarbons can be used as a sofvent for
solvent deasphalting; however, those light paraffinic hydrocarbons 1anging from propane
o pentane are preferably employed in commercial operation of this process. Ethane or
hexane and higher paraffinic hydrocarbons are not ﬁsed for solvent deasphalting, because
oil is very pooily soluble in ethane and excessively soluble in hexane and higher hydro-
carbons. ‘ _

Butane and heplane, for example, are compared with each other for the solubility
of poisonous subslances in these solvents. Butane allows porphyrins, heavy metals and
polycondensed aromatics to be dissolved thercin only to less extenls, so that the
deasphalled oil oblained conlains relatively small amounts of poisonous substances. On
the other hand, n-heptane selectively removes aspﬁaltene, but it allows much of heavy
metals and aromatics to be dissolved well therein. N-Heplane therefore is not suitable
to remove poisonous substances, particularly in the solvenl deasphalling of Crinoco
heavy crude.

As the factors which affect the performance of solvent deasphalting in a practical
operation, there may be mentioned the type of solvent, solvent to oil ratio, operating
femperature and pressuse, properties of feedstock and so on. This means in other words
that the equilibrivm of a mixed phase of feedstock and solv entis goxemed by the afore-
mentioned factors. When afmospheric residue is deasphalted by a solvent, layer formation
begins fo take place at the point of a solvent- to-oil ratio of I:1 and the t-uo layers, oil
rich layer and asphalt rich layer, come to be clearly formed as the solvent is further added
beyond this ratio. The influence of solvent ratio on the properh&s_ and yield of asphalt
depends greatly on the type of soi\'ent feedstock propeﬂies and operating conditions.,

If propane is used for vacuum tesidue deasphalting, it is customary fo use a tem-
perature 15 to 20°C below the critical temperature. In that case, the quality of
deasphalied oil is slightly apt to delesiorate and the yield of zsphalt decreases, con-
currenily with the increase in solvent ratio.

On the contrary, if pentane is used to deasphalt the same feedstock, the quality of
deasphalted oil deteriorates with the decrease in solveal ratio, and at the same time, the
asphalt yicld decreases. However, in the region of fairly high solvent ratios, the asphalt



yield converges into a conslant level or forms a slow declining curve. The quality of
deasphalted ol is in general improved with the increase in solvent ratio, but when the
opesating temperature is clevated upto critical temperature, the refationship, bemeen
the solvent ratio and yield of asphalt becomes similar to that in case of propane

'deasphal_ting, Thus, the influence of solvent fatio in solvent deasphalting is'of a very

sophisticated nature, as the ratio is interrelated with other factors such as tempeiature,
the type of solvent and the physical properties and chemical composition of feedstock.

As mentioned above, the general qualily of deasphalted oi} is improved concustently
with the increase in the solvent ratio; hbwever, it is always imporlant to set an optimum
solvent ratio, taking into consideration the overall economics of both the solvent deas-
phalting and the hydrodesulfurization operations.

Process Descriplion

Fig. 3.1 shows a simplified Mow diagram of a solvent ﬂeasphalting scheme consisting
of such sections as deasphalting, deasphalted ol recovery, asphalt tecovery, and solvent
recovery. The process uses a varicty of feedstocks including both of atmospheric and
vacuum residues derived from various crude oils. The solveal recovery seclion is subject
to some modifications, because different solvents are used, depending on the type of

crude ol used and the purpose of refining. The process flow shown in Fig. 3.1 is based
on an atmospheric residue derived from a Middle East cnide oil.

{1) Deasphalting section

The feed and the solvent are respectively adjusted to a given femperature, and mixed
with each other. The mixtuse is fed to the extractor. The deasphalting extraction
proceeds in the upper half of the extractor. After having gotten rid of asphalt, the
mixture of deasphalted oil and solvent flows out of the extractor through the tower
top. Asphalt, while going dewn the extractor, comes in contact with a counter-
current of rising solvent which is fed o the extractor through the bottom. The
contact eliminatés oit from asphalt, which is then accumulated on the bottom and
withdrawn therethrough.

(2) Deasphaited oil recovery section

Deasphalted oit oontauung the sotvent is heated by a healing fumace and fed to
the DAO flash tower, where most ot‘ solvent is separated under pressure. DAO
still containing a small amount of solvent is again heated andrfed to the strippet,
wh:ere-‘the remaiaing portion of solvent is completely removed by blowing steam
into the reaction zone tostrip the feed, whereby DAO product is obtained.

(3) Aspahlt recovery seclion

Asphalt is withdrawn from the extractor through the bollom. Since this aspahit



T°¢ *R1X
£530034
IRILTIVHASYAC INIAT0S
¥od
| vNovia mold ORLITIONS
I0ASONE ONIAVHIOdN
110 AAVEH ODONINC

VOLVYVdES
FLVSNAANOD

ITVHASY

WLs

VILLIALS
vas

AR

R N

YIILTULS OV A v

YANOL
HSVII
vas -
qIM0L
ONILTYHIS VAL
[

b{\\

ARVL
INEATOS




921 gL 82 £11 9 p1 0z¢ 81 ov wdd W

Ya4 L 96 STY 8T 8y 0101 £5 o€t wdd A
- 0L £1 - 69 6 - 6§ 1'6 9% "q'D W00
17, e LTy Tl 0S'E AL LE'S v'T 997 Ypm aogmg
6€1 - - LET - - €St - - D, yosE Ry
- L63 0611 - 6el Pl1 - 611 s61 180 °D,B'SIA
orl'T 956'0 986'0 SET'T §v6'0 L56'0 Lol 0r6'0 £56°0 D P/ST 30 *4S
vas ova Qg vas - ovd gl vas ova QFas sonsdoy
'Ll 0'st v'L T9 08 99 vas
9'T8 0'$8 926 8'€6 0'26 ¥'£6 ova
%M EACH 9%3m %1OA ALY AT PISTA

wyeuy yromTy Antoy uetuRa] 9pruy

(poog 9P PIImpay) Suyreydstaq
ORTY JUIAIOS MY JO SN0 J9NPOLd PUE PPIA TEIIAL  1°¢ SI9RL



confains a small amount of solvent, it is heated by a furnace and fed to a flash
tower to remove most of solvent. Asphalt is then sent to asphalt stripper, where
the remaining postion of solvent is completely removed by blowing steam into the
strippes, whereby asphalt product is abtained.

(4) Solvent tecovery seclion

Solvent is recovered from the PAO- and asphalt-fiash towers, cooled and condensed
into the liquid state, and is sent to a solvent tank. The solvent vapor leaving both
strippers contains stripping steam. Such vapor is cooled fo remove water, and is
compressed by compressors for condensation. The condensed solvent is then sent to
the solvent fank for further recycling.

3.1.8 Process Yield and Producl Properties

Table 3.1 gives typical yields and properties of some products obtained by operating
a large-scale solvent deasphalling pilot plant at a low solvent ratio, using atmospheric
residues of Middle East Crudes as the feeds. In all of these runs, solvent deasphalting was
used as pretreatement for hydrodesulfurization. Priority is put on economic production
of fow-sulfur heavy oil having a sulfur content in the range of 0.1 to 0.3% By means of
a direct hydrodusulfurization unit of a 1% class (the unit capable of desulfuﬁzing'l(u\#ait
reduced crude down to a sulfur content of 1%). For this reason, the solvent ratio was set
at a level as low as about 2.

As found in Table 3.1, the asphall yield is as low as below 10% of feed weight {or
fess than 3% of crude oils) in the two cases of Iranian Heavy and Khafji. Nevertheless,
the rafe of metal removal achieved by soh‘eni deasphalting is as high as about 60% and
the rate of desulfurization reaction (not shown in the table)_ is about 2.5 times as fast
as the rate aitained when the residue is directly desulfurized. Thus, the solvent deaSpha]t-
ing pretrealment has been proven to be remarkable effective.

3.1.9 Catalyst and Chemicals

Solvent loss is the only item which fails into this category in the case of the solvent

deasphalting process. The loss is estimated at about 0.2 wt.% based on the weight of the
feed.

3.1.10 Utilities Consumption and Economic Data

Table 3.2 gives an illustrative example of ulitities consumplion required when an
atmospheric residue of a Middle Easl crude is deasphalted at a low solvent eatio.



Table 3.2 Ulilities Requirements

Basis: 33,000 BPSD Middte East Reduced Crude feed.

Utilities:
Electricity kW/ht. 3,600
Steam, HP tons/hr, 3.08
" MP tonsfhs. 18.15
Cooling water tonsfhr. 900
Fuel ) MMKcal/hr. 14.6
S:oh'ent tonsfhr. 037

The cost of construction is estimated al ¥5,000 x 10° (as of July 1980, at a Chiba,

Japan site) for a 33,000-BPSD low-solvent deasphalting unit using a Middle East at-
mospheric residue.

3.1.11 Operating Conditions

A key section for the M-DS process is the deasphaiting section where solvent is used
to remove asphalt from the residue feed. Solvent used include low molecular weight
paraffines, such as butane and pentane, which is used alone oF as a mixture. The solvent
is contacted in a liquid phase with the feed in the extractor. Operating conditions are
selected in such a manner that they are mosl suitably fit fo the purpose of operation.
They depend on the types of feed and solvent. In principle, the operating conditions are
mainly determined by the temperaturefpressure selation of a hydrocarbon solvent in ils
liquid phase, as shown in the diagram of gasfliquid equilibrium. As regards the operating
tempérémte, it is necessary to maintain the femperature at or above a minimum allowable
temperature, depending upon the properiies of asphall, so that the asphalt/solveat mix-
ture can always be kept at the free flowable state in the extractos.

Therefore, the operating conditions for the extractor can be voughly set within

the following ranges:
Temperature: 100 — 180°C
Pressure: 15-28 kglem? {2 kefem? higher than a saturated

vapor of solvent)
The quanﬁty of solvent recycled s also an important operating condition which has
a direct impact on the costs Qf construction and operation of a deasphalling unit, This
quantity is kept at a lower fevel in the M-DS process than in other simifar processes. In
general, the solvent ratio used for atmospheric residue deasphalting is set at a lowee level
than for vacuum residue deasphalting.
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3.1.13

Commercial Experience

Propane deasphalting has been in worldwide use as a basic process for refining lube
oil Tor aboul 50 years. The M-DS process is a technical improvement of the propane
deasphalting process. A major objective of this improvement was to fit this old process
into the upgrading of heavy crude oils. As a variation of solvent deasphalting, the M-DS
process may well be regarded as the process that has been endorsed by the longest period
of accumulated experiences in commercial operation among all the oil refining processes.
Large differences between M-SD and other solvent deasphalting processes lie in the
deasphalting operation at a low solvent ratio and the design of an extractor that allows
such operation to go on stably. As described above in the subseclion of Process Deve-
fopmenl, priority of R & D was given to extractor design and performance ftests with a
pilot plant. The M-DS process has thus been technically established through long years’
R & D efforis including long and conlinuous test operations. As already mentioned,
commetcialization of this process has been put off, but we have complefed basic design
of a2 33,000-BPSD uni{ based ona this proce.ss,'assuming the pretreatment of Middie
East crude residues.

Process Applicalion

Solvent deasphalting has been used, and its future use is being studied, for such
purposes as the production of a heavy lube base, the preparation, from residues, of the
feed to FCC and hydrocracking steps, and as in the case of the M-DS process, the pre-
treatment in the production of a low-sulfur fuel oil from residues of tough crede ofls.
When solvent deasphalling processes are studied on the extent to which deasphaited oil is
refined, it is found that the production of lube oil requires the highest fevel of refining;
henee, it cequires a solvent of a relatively low molecular weight in the range of C3 to C,
and the highest solvent ratio. If solvent t_ieasphalﬁng is used for the preparation of the
feed to FCC and hydrocracking unit, a C,-C; solvent and a high solvent ratio are ﬁsed
because heavy metals have to be removed to large extents. On the other hand, the M-DS
process utilizes a2 C3-Cs solvent at a low solvent ratio. [t is intended here to reduce the
cost of deasphalting, and at the same time, to lighten the burden imposed on the treat-
ment of a low-quality crude residue, so that the process may offer excellent overall eco-
nomics. The deasphalied oil available from the M-DS process is not necessarily suitable
for the use as a feed to FCC and hydrocracking steps, because it has relatively high
contents of metals and carbon residue. This defect can be surmounted mostly by hy-
drodesulfurization. If, thercfore, deasphalting at a low solvent ratio is combined with
hydrodesulfurization, the M-DS process is fully applicable to the feed preparation for
FCC and hydrocracking, as well as to the production of a heavy lube base. A combination
of solvent deasphalting and DAO desulfurization can play an impottant rofe in 2 refining
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scheme converling even tesidues to light il and low-sulfur fuel oil.

In the meantime, asphall, another product of solvent deasphalting, finds its major
use in such fields as hydrogen production by means of partial oxidation, anq the gene-
ration of power and steam. Steam is produced for power generalion by burning asphall
in the boiler equipped with a flue gas treatment unit. Dependent upon the type of crude
oil to be refined and the required degree of upgrading, an independent system can be
organized, wherein all the utilities requirements of the refinery, especially of the hy-
drocaracking and hydrodesulfurizing steps, ate met by producing hydrogen, steam and
power from asphall combustion.

Merits/Desnerits of the Process

The following are considered as currently available processes which would be appli-
cable to the demetalization and vpgrading of Orinoco heavy crude, from a technoecono-
mical point of view.

—  Solvent deasphalting
—  Coking
—  Hydrocracking

Although thé quality and yield of demetalized oil varies inevitably with the pro-
cesses, it is commeon to all cases that a residual material is by-produced from the opera-
tion in varying degrees. Unfortunately at this time, there seems to be no other way of uty-
lizing residual materials than gasification or combustion in boiler on a commercial scale.

In this respect, the evaluation of demetatization processes should take into account
how to handle the residual material which is rejected asphalt in case of this study. There
is little difference among the aforementioned upgrading processes in the fact that a
residuat or another is'by-produced from such a process.

(1} Solvent desphalting

Although it has been a generally accepted fact that deasphalting is too expensive
to use it for preireating the feedstock of hydsodesulfurization prdcess, a receat
solvenl deasphalting process, such as the one integrated in the M-DS Process, has
been greétly improved in various aspects.
For example, conventional Sf)A processes use a Cy or Cg solvent or a mixture
thereof in quantity S to 8 folds as much as the feed quantity. The M-DS process,
" on fhe other hand, is characterized by using a solvent in a quantity far less (1/2 to
1/3) than in conventional SDA processes, to attain at the same level of SDA asphait
as in conventional ones. Nafurally, the M-DS process requites less costs of SDA
process construction and operation than do conventional SDA processes. When a
M-DS utitities cost was calculated, using unit costs of utilities set in Japan as of the
2nd quarter of 1979 as the standards, there was even an extreme case where the
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M-DS utilities cost was half as low as the corresponding cost for conventional SDA
processes. {In this feasibility study, however, any extremely low solvent ratio has
not been adopted in the light of the properties of asphalt and DAQ.) On the other
hands, when DAQ properties were compared on the basis of the same asphalt
yield, the' M-DS process thends to give a higher metal content, although there is
little difference in specific gravity and the sulfur content,

In general, most of solvent deasphalting processes are trying to reduce the utilities
consumplion, as in the case of the M-DS process. Among thesé processes, Rose
Process (developed by Kerr McGee) has alfracted aftention when this process could
have reduced the energy requirement for solvent recovery to a great extent by
operating the solvent recovery section under super-critical condtions.

M-DS, as well as other solvent deasphalting processes, depends on evaporation and
condensalion to recover the solvent. Because conventional SDA Processes require a
large amount of solvent which is several times as much as the feed quantity, their
solvent recovery scctions occupy quile a large proportion in the total cost of pro-
cess. It is no exaggeration to say that the cost reduction of a SDA process depends
on how the solvent recovery section can be rationalized.

The M-DS process was suceessful in rationatizing its solvent recovery section by
managing fo use quite a small amount of solvent for extraction. The Rose process,
on the other hand, has achieved the same goal by eliminating the step of solvent
evaporation for the recovery. Kerr McGee already reported (at the 1976 NPRA
annual meeting held in Texas, U.S.A.) that the utilities consumption by the Rose
process accounted for about 40% of those of conventional SDA processes when
calculated in terms of ufilities cost. M-DS and Rose Process cannof be exactly
compated with each other under the same conditions for their utilitics consumption.
But if they are compared in terms of their utilities cost, it is found that M-DS may
happen to have a utilities cost less than the figure given for the Rose process.

As described above, M-DS is the most economic process and affords the most
flexible operation, among all other competitive solvent deasphalting processes. On
the other hand, it has a d:sadvantaga that deaspha]led oil still has a higher metals
confent than that of coker d:sh!late This disadvantage, however, can be offset by
less hydrogen consumption in the subsequent hydrodesulfum.ahon process, if the
sulfur content of product is set al the same level as in cokmg. 'Ihetefore solvenl

deasphalting is no doubt a promising demetalization route for Orinoco heavy crude.

Coking

Coking process may be one of the most atiractive demefalization processes for
Orinoco heavy crude. The commercialized coking process can be, in general, divided
into delayed coking process and fluid coking process.
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Since the fluid coking process is considered more economical than delayed coking
in upgrading Crinoco heavy crude, we made a further detailed analysis. Yield of
coke plus gas in each coking process can be given by the following equations,
Wo=55+1.76K {Delayed coking)
Wi=50+130K {Fluid coking)
where Wo = yield of delayed coke plus gas, wi%; W = yield of fluid coke plus gas,
wit?%; and K = Conradson carbon residue of feedstock. Wo and Wf, in the case of
Orinoco Cerro Negro Crude having a Conradson carbon residue of 13.3% is cal-
culated to be 28.9 wi% and 22.3 wi%, respeclively.
Consequently, the yield of coke plus gas in delayed coking and fluid coking is
estimated to be about the same or higher than the yield of rejected asphalt by
produced from M-DS deasphalling process. Both the delayed coking and the fuid
coking involve probelms to be solved on how fo handle the reject coke. In this
sense, flexicoking, consisting of fuidcoker and gasifier, developed by ER & E, poses
no problem in coke handling. The first commercial plant based on flexicoking was
erected in Japan.
The delayed coking process combined with a coke burning plant was compared with
that combined with a gasifier. The comparison revealed that the lafter is more
economic from an overall point of view.
Orinoco heavy crude can be upgraded up Lo the level of typical Middle-East Crude
Oil by a combination of coking and hydrodesulfurization processes. However,
the plant investment and operating costs of a coking route are, in general, more
expensive than those of a solvent deasphalting route, although a more detailed com-

parison on economics of both routes is essential prior to reaching a conclusion.

Hydrocracking

H-0il process cén be considered at this time as a sole process in this category appli-
cable for upgrading Orinoco heavy crude. Even in this process, addition of a con-
siderable amount of diluent like gas oil fo the feedstock will be needed to keep
steady plant operation and catalyst activity. This requires a fargersize plant, which
in tum, deteriorates process economics. Taking account of the properties of Orinoco
heavy crude, especially heavy melals and asphaltene contents, the hydrocraking
route is likely fo involve many technical difficulties.

It is worthy o nole, too, that a very viscous residue is byproduced from the hy-
drocracking route in an amount of around 20% to 30% of the feed. In addition, the
hydrocracking of high-metals and high-sulfur feedstock tike Orinoco heavy crude is
inherently uneconomical because of its high costs of plant construction and opera-

tion.

In conclusion, promising as a demetalization process is either process of solvent



deasphalling or coking, from the points of view of economics, flexibility and reliabi-
lity. Among others, the improved solvent deasphalting process, tepresented by
M-DS Process, promises to be most economical as a demetalizalion process
for Orinoco heavy crude,

3.1.15 By-ptoduct Utilization

It is always impossible to consider the development of a variety of products used

in small amounts, in order to effectively utilize the asphalt by-produced from solvent

deasphalling. In this section, however, problems in the fields of its major uses will be
outlined, with emphasis put on a quanlitative aspect.

N

2

(3)

Boiler fuel

The boiler fuel use is regarded as the most realistic and improtant means of asphalt
by-psoduct utilization. It is a key subject of this tudy. The manner of use as fuel and
its tindedying problems ase discussed elsewhere in this report, and are nol dealt
with here in this subsection.

Raw material for hydrogen production

Industry people have a growing interest in hydrogen production by partial oxidation
of the asphall by-product, because complete utilization of heavy crude oil can be
achieved by combining hydrogen production with DAO hydrocracking and hydro-
desulfurization. If a crude oil has a high content of asphall, as is the ease of Orinoco
heavy crude, another inleresting application is to use asphalt to produce a gas from
partial oxidation and use the synthetic gas for the production of methano! and
ammonia.

The partial oxidation process is commercially experienced in treating various feed-
stocks including heavy crude oils and pulverized coal. Thus, asphalt, having a soffen-
ing point at least sufficient to handle it in the liquid form, can be used as a gasifi-
calion feed. In treating a crude oil containing high levels metals, such as Orinoco
heavy crude, the partial oxidation prod:ss can economically recover even V and Ni.
We are ready to offer the technologies of partial oxidation whenever it is required.

Road paving use

It is a common practice to incorporate SDA asphalt into road-paving asphalt. The
asphalt by-produced from M-DS can be used ako for this purpose. It should be
noted, however, that a mixing base of a relatively low viscosity must prepaced for
this use. In that case, solvent deasphalting may become fess effective.

(4) Coke binder use in steelmaking

When steelmaking coke is produced, the volume of high-coking coal used can be
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