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CRUDE PROCESSING

Economic rationale
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AIM OF CRUDE PROCESSING

Provide product structure in line with market demands
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The whole process is crude oll refining
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CRUDE OIL FRACTIONS
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HOW TO MEET DEMANDS?

CRUDE OIL DIVERSIFICATION

SELECTION OF THE MOST SUITABLE CRUDE

CONVERSION INCREASE IN REFINERY:
CHANGING REFINERY YIELDS IN POSITIVE

DIRECTION BY MODIFICATION OF PROCESSING
TECHNOLOGY SCHEME
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CRUDE OIL
DIVERSIFICATION

Alternative crudes
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CRUDE SUPPLY TO DANUBE REFINERY

Friendship I.

Gellgnhs aZalako.miér Savoly
A Szbkeden

Kiskunhalas
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REFINERY CONVERSION
INCREASE

CONVERSION
TECHNOLOGIES
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CONVERSION TECNOLOGIES

DRIVER:

ENSURE BEST MATCH BETWEEN MARKET

DEMANDS AND REFINERY YIELDS
(VOLUME DEMANDS/FLEXIBILITY)

PRODUCE THE HIGHEST AMOUNT OF VALUABLE

PRODUCTS FROM THE CRUDE
(ECONOMICS)
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TYPICAL REFINERY SCHEME (DANUBE REF)
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DANUBE REFINERY -YIELDS
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TYPES OF CONVERSION TECHNOLOGIES

Conversion technologies

Catalytic

Non-catalytic

Sovent deasphalting

(SDA)

Catalytic cracking
Fluid Catalytic Cracking (FCC)
Residue FCC (RFCC)

Thermal
Visbreaker

Delayed coker

Fluid coker Hy drc‘>crackmg
Flexi- coker hbdher

R Ebullated bed
Gasification

_/
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CONVERSION TECHNOLOGIES

Increase H/C ratio in molecules

Aim

Feed conversion of different technologies

Hydrogenation

Hydrocracking —¢

60 80 100 %
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t——Visbreaking—J

r Hydrotreziting

0

Carbon rejection

t Catalytic cracking-t

LCoking—f

Feedstock:

Thermal / Catalytic

vacuum residue (gudron)

vacuum gasoil

13
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CRACKING

1910 Burton thermal cacking
Naphtha from cude

1920 Eugene Jules Houdry
Catalytic process from lignite to naphtha

™ 1942 First fluid catalytic cracking unit
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PLACE OF A CATALYTIC CRACKING UNIT
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CONVERSION TECHNOLOGIES / CATALYTIC

CRACK

Purpose: cracking of vacuum gasoil —
molecular weight and boiling point
reduction

Feed: vacuum gasoil

Products: C,;-C, mix, cracked naphtha,
gasoil (LCO)

Parameters: Temperature: 480 - 540 °C

Pressure: 2 — 4 barg

Catalyst: zeolites (Al,O4 - SiO,)

FCC : Contact time: 1-2 sec

Zeolites: aluminium-silicate crystals with
molecular-size pores and channels
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CONVERSION TECHNOLOGIES / CATALYTIC
CRACK

molecular-size pores and channels
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CONVERSION TECHNOLOGIES / CATALYTIC
CRACK
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CONVERSION TECHNOLOGIES / CATALYTIC
CRACK s

Purpose: crackin
molecular
reduction

Feed: vacuum ga
Products: C,;-C,

gasoil (LCC
Parameters: Te
Pressure: 2 — 4 ba
Catalyst: zeolite
FCC : Contact

A 2 2 -silicate crystals with
moIecuIar -size pores and channels

Rabd Gyula
1924-2016
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REACTIONS OF CATALYTIC CRACKING

Reactions Effects

Catalytic cracking
Thermal cracking
De-hydrogenation
Hydrogen transfer
Polymerisation
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CONVERSION TECHNOLOGIES / FLUID
CATALYTIC CRACK (FCC)

Main reactions:
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CONVERSION TECHNOLOGIES/ FCC
Fluid bed
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CONVERSION TECHNOLOGIES/ FCC

Process (UOP side by side)

Gas outlet pipeline

1 Steam inlet
2. Feed inlet

3. Air inlet

4. Vapors to MC
5. Flue gas

=\
Vol
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CONVERSION TECHNOLOGIES / FCC - CYCLONES
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CONVERSION TECHNOLOGIES/ FCC

Product yields:
: Fuel gas 3-5 %
C C3-C4 fraction 7-20 %
*  Naphtha 30-60 %
C LCO+HCO 11-20 %
*  Reidue 10 -15%
Cold water
Gasto
Waste recovery
heat H
boiler L&~ i
Fractionator | Water
ek i » Gasoline
(To final dust ot
collection) Reactor __.g__> f
Regenerator
Stripping i
steam il Heavy gas
Regen _— o s
catalyst Me el
Fresh feed — Ay Slurry
settler -
Air blower
Wash oil
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Recycle T
_ Slurry
© decant

oil
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TYPICAL PRODUCT QUALITIES

B

Wit%

Products

Boiling point, °C
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MOL DANUBE REFINERY/ FCC BLOCK

Fuelgas

Propane

VGO Propylene
HDS MHC

vao Alkylate

FCC
DG COMPLEX

FCC Gasoline

FCC
GASOLINE
HDS and
TAME UNIT

MHC GO MCB HCO

HDS/HDA
UNIT

l

*  Diesel

Gasoline

FCC Gasoline, Alkylate, ETBE: to MOGAS pool

LCO: Light Cycle Oil, to Diesel pool

HCO: Heavy Cycle Oil, to Fuel Oil pool

MCB: Main Column Bottom, to Fuel Oil pool or Carbon Black production
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MOL DANUBE REFINERY/ FCC BLOCK
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CONVERSION TECHNOLOGIES /HYDROCRACK

»PHYDROCRACKING: HYDROGEN+CRACKING

»MAIN REACTION: CRACKING LARGE HYDROCARBON
MOLECULES IN THE PRESENCE OF HYDROGEN

»ONE OF THE OLDEST TECHNOLOGY
1915: first experiments

1927: first industrial technology for brown coal hydrogentation (Bergius-
LEUNA/Németorszég

1925: technology for heavy distillate cracking
1960: first commercial size hydrocracker in USA (Standard Oil)
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CONVERSION TECHNOLOGIES / HYDROCRACK
HYDROCRACKING

Scheme of an one-stage hydrocracker

with two reactor

Make-up Hx

Feadstock Recirculated Hy

N
<

pressure

/’"

-

Low gasoline

Heavy gasoline

I

Reactor 2

Recirculated

Hydrocrack residue

v'

Purpose: Breaking (cracking)
large molecules in the feed
into smaller ones in
hydrogen atmosphere
(increase white product
yields)

Feed: vacuum gasoil, vacuum
residue

Products: naphtha, gasaoil
components

Parameters:
Temperature: 300 - 450 °C
Pressure: 70 — 250 barg

Catalyst: Co/Mo/Pd/Pt —
SiO,/Al, O,
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HDT AND HCK CATALYSTS

HCK catalysts

z VIA gr. (Mo, W)
VIIIA gr. (Co, Ni)
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Large active suface is needed for the efficient operation of both

functions
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HDT AND HCK REACTIONS

Main reactions
Paraffin

CiHanz + H; > CHparo + CHyph,  (@+b=n)
hydrocracking

Paraffin
< >

iIsomerisation

Other reactions
Hydro-decyclisation
Hydrogenation of aromatics

Hydro-dealkylation
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VACUUM GASOIL (VGO) HYDROCRACKING

Crude

-

AD

» gases
------------------------ » .-
> naphtha .......................... T >
> middle dist. A
> heating oils
» gases

VD

vacuum gasoils
—

HCK

—p Naphtha —

—) Middle dist.

vacuurp residue

» Unconverted

feed
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PROPERTIES OF VGO

Typical value for REB Crude

Analysis, UOM Range Typical value
Density@ 20 "C, kga/m3 905-921 915
Nitrogen, wt. ppm 1200-1600 1350
Sulphur, wt. Ppm 1,7-2,0 1,85
CCT, wt. % 0,03-0,25 0,13

« Nitrogen containing molecules are catalyst poisons

 Heavy metals as well

V, NI, Fe, Na, Cu, Pb, As

P MOLGROUP | 34



SIMPLIFIED PROCESS FLOW (REACTOR
SECTION)
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VARIOUS HCK SCHEMES

ONE STEP "ONCE THRU"
NO RECIRCULATION, SIMPLE, BASE OIL PRODUCTION

ONE STEP WITH UCO (UNCONVERTED OIL)

RECIRCULATION
MAIN FRACTIONATOR BOTTOM PRODUCT
RECIRCULATION
HIGHER DISTILLATE YIELDS,
CONVERSION ~ 30-60%
HIGH ENERGY CONSUMPTION

TWO STEP WITH UCO RECIRCULATION
SEPARATION OF REACTION STEPS,
COMPLEX SETUP

HIGH INVESTMENT COSTS

CONVERSION: ~100%

HIGH ENERGY CONSUMPTION

Scheme of an one-stage hydrocracker "o
with two reactor

Make-up Hs

_—

Feedstock

Recirculated

Recirculated
E;

Second
stage
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RESIDUE UPGRADING

Feed: vacuum
residue (gudron)

Residue upgrading
technologies

I

Catalytic

Non-catalytic

Sovent
deasphalting Thermal Residue Fluid Catalytic Cracking
Delayed coker (RFCQ)
Fluid coker Hydrocrack
Flexi- coker Fix bed
Visbreaker Ebullated bed
Gasification

/

P MOLGROUP | 37




CARBON REJECTION OR HYDROGEN INPUT

it
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Carbon Residoe, wi- "%

10,000
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RESIDUE UPGRADING / DELAYED COKING

Faasl b
gasoline
o) o} & Gas oil
| o
ke
13}
©
it L
Steam S
Furnace H |
AP gcxc_e____HL_,
avy
Feed e
distillate

Thermal cracking process

Purpose: produce valuable products
(need de-sulphurisation) while
heavy components are
converted to solid coke

Feed: vac. residue (gudron)

Products: gases, naphtha, gasaoill,
petcoke

Parameters:
Temperature: 480 - 520 °C
Pressure: 1 — 5 barg
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RESIDUE UPGRADING / DELAYED COKING

Delayed Coker
Schematic

COKER FRACTIONATOR

FUEL GAS & LPG to
GASFLANT

COKER NAPTHA

CUTTING
WATER

LCGO

COKER
HCGO FURNACE

i CUTTING DRUM

VACTUM
RESIDUE

COKE PIT

COKE HANDLING SYSTEM = —3 - -

JET WATER
PULP
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RESIDUE UPGRADING / DELAYED COKING
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RESIDUE UPGRADING / DELAYED COKING

AS ARESULT OF COMPLEX REACTIONS, HEAVIEST COMPONENTS OF THE FEED
ARE CONVERTED TO SOLID COKE, WHILE MAJORITY OF THE FEED IS
CONVERTED TO VALUABLE, LOWER BOILING POINT PRODUCTS

COKING PROCESS IS SO COMPLEX, IT CANNOT BE DESCRIBED BY EXACT
REACTIONS BUT IT CONSISTS OF THREE SEPARATE STEPS:

Evaporation and mild cracking of the feed in the tubes of the feed heater;
Further cracking of hydrocarbon vapours in the coke drums;

Polymerisation and cracking of liquid phase in the coke drum to gases and coke.

PRODUCT YIELDS AND QUALITIES ARE BASICALLY DEFINED BY THREE
PARAMETERS : TEMPERATURE, PRESSURE AND RECIRCULATION RATIO.
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RESIDUE UPGRADING / DELAYED COKING

LPG
LCO w-— > . LPG
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Koksz l LPG
Fitégaz
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frakcid
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RESIDUE UPGRADING / DELAYED COKING

sSuwn|o?
Buiysem seo

i

o

winJp 8309
wnJp 840D

Pit

-

Yield
Fuelgas
4%
C, C
= O | — 20 o Propylene> 204
ompressor + | & i T g
Absorber / Cs"| & T 9 g v Propan
Stripper —> Z g Q - > 1,5%
A g - C4
» 2%
C,-163°C e .
5 Cs-79°C Light naphtha
e > 3%
%§ 79-163°c Heavy naphtha} 80%
5 -5 Light gasoil
) 2370 ight gasoi
31 163-333°C > 15%
8 333+°C Heavy gas oill
= > 41%
)
Q
—l _6:
_ Feed
Heater J

» Petcoke 23% p oLerour | 4




RESIDUE UPGRADING / DELAYED COKI

Petcoke properties

(%0)

(Hard 'Grov'e Index) 50'80
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THANK YOU FOR YOUR
ATTENTION!
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