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A b s t r a c t  

The main focus on VEBA-COMBI-CRACKING (VCC) during the years 1977 to 1988 has been in 
the areas of process improvements and extension of the feedstock data base (different crude 
sources) in smaller scale units as well as testing of new equipment and metallurgical compositions 
in the Demonstration Plant Bottrop. In summary, this effort has strengthened the VCC design 
basis which consequently lead to the grant of two licenses, one to the Canadian OSLO group for 
upgrading of 86000 BPD Athabasca bitumen (1989) and the other to the German OMW-Refinery 
(Oberrheinische MineralSlwerke, Karlsruhe) for the conversion of 25000 BPD of Arabian Light 
vacuum resid commingled with FCC slurry oil (1991). 

1. INTRODUCTION 

Meanwhi le  o ther  aspects have  impacted VEBA OEL's  direct ions  for VCC 
process appl ica t ion  in addi t ion to vi rgin  refinery resids and heavy  oil upgrad- 
ing, such  as: 
• ut i l iz ing pre t rea ted  refinery by-products  such as deasphal te r  bot toms,  FCC 

s lurry  oil, v i sbreaker  vacuum bot toms 
• coping with the latest  t ranspor ta t ion-fue l  specifications, e.g. low aromat ics  

con ten t  in the middle dist i l late (diesel, l ight  hea t ing  fuel oil) 
• recyc l ing  of  waste  mater ia ls  (e.g. used lube oils, ch lor ina ted  hydrocarbons ,  

etc.) with the aim of  decontamina t ion / re f in ing  thereby genera t ing  new re- 
finery feedstocks 

• u t i l iza t ion of solid waste  products  such as spent  refinery ca ta lys t  (e.g. Ni/Mo, 
Co/Mo hyd ro t r ea t i ng  catalyst) ,  spent  ac t iva ted  carbon.  
Specifically the la t ter  two appl ica t ions  which  are executed on a day-to-day 

business in the Demons t r a t ion  P lan t  Bot t rop,  have proven,  tha t  the h igh 
convers ion  VCC h y d r o g e n a t i o n  t echno logy  can cont r ibute  in an opt imum 
m a n n e r  to the recyc l ing  of env i ronmenta l ly  problemat ic  groups of compo- 
nents.  

Especia l ly  in the la t te r  context ,  the most  recent  development  yielded into 
the convers ion  of unsor ted  mixed plastics from the household  s t reams into 
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refinery feedstocks, allowing a closed production and utilization cycle in an 
environmental favourable way. 

2. THE PRINCIPLES OF THE VEBA-COMBI-CRACKING TECHNOLOGY 

The VCC technology is a thermal hydrocracking/hydrogenation process for 
converting petroleum residues at very high conversion rates ( > 95%, 524 °C + ) 
and liquid yields above 100 vol.% into directly marketable distillates. The 
process (Fig. 1) applies the principles of the former Bergius-Pier technology for 
the conversion of heavy residual oils and coal into light distillates. The 
feedstock is slurried with a finely ground additive, preheated after adding 
recycle gas and make-up hydrogen and fed into the liquid phase hydrogenation 
reactors, where the conversion in a once-through mode of operation takes 
place at temperatures between 440 and 485 °C and pressures up to 250 bar. The 
liquid phase reactors have no internals and are operated in an upflow mode. 
Temperature control is achieved by cold gas quench. 

The unconverted residual oil and the additive are separated from the vapor- 
ized reaction products and the recycle gas in a hot separator. The hot separator 
bottom product is fed into a vacuum flasher for additional distillate recovery. 
The hot separator overheads combined with the recovered distillates are 
routed to a directly connected hydrotreating unit (GPH-reactors) operating 
under essentially the same pressure but at a somewhat lower temperature than 
the LPH unit. This secondary hydrotreatment/hydrocracking applying a stan- 
dard fixed bed catalyst produces a high quality synthetic crude oil (SCO) 
(Table 1). Straight-run distillates, light cycle oil, visbreaker distillates and 
others may additionally be added to the GPH feed stream. 

As the GPH reactors are operating in a pressure range above typical hydro- 
cracking conditions, mild hydrocracking can also be applied, to allow for 
a shift in yield structure due to seasonal requirements. 
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Fig. 1. Simplified VCC process scheme. 
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After  leaving the GPH uni t  the SCO is cooled, condensed and separa ted  from 
the recycle  gas. The recycle  gas after  pass ing t h rough  a lean oil wash ing  
system is recycled to the LPH unit.  

The remain ing  h y d r o g e n a t i o n  residue can be used in different areas  as 
i l lus t ra ted in Fig. 2. 

Due to the small amoun t  ( ~ 6% rela ted to the feed s t ream to the pr imary  
convers ion  reactors) ,  gasif icat ion may only be applied in h igh priced na tu ra l  
gas scenarios,  in case of  a shor tage  in na tu ra l  gas or in areas  with very  
s t r ingen t  env i ronmenta l  restr ict ions.  In these cases, VEBA OEL's  p ropr ie ta ry  
commercia l  gasif icat ion t echno logy  may be applied. 

TABLE 1 

VEBA-COMBI-Cracking typical syncrude properties 

Content Density Qualities Application 
(Vol.%) (°API) 

Naphtha 26 30 64 58 Reformer feed 
(IBP-350 °F) 

Kerosene 17-21 42-28 Jet fuel 
(350-460 °F) 

Light diesel 15-19 36-32 Pool 
(460-570 °F) 

Heavy diesel 23-27 31-27 Pool 
(570 730°F) 

Vacuum gasoil 9-13 29 26 HC/FCC Feed 
730 950°F 

Sulphur, ppm < 1 
Nitrogen, ppm < 1 

Smoke point, mm > 20 
Cloud point, °C < -60 

Sulphur, ppm < 50 
Cetane No. > 45 

Cloud point, °C < - 15 

Sulphur, ppm < 50 
Cetane No. > 50 

Cloud point, °C < 40 

Sulphur, ppm < 100 
CCR, wt% < 0.15 
Metals, ppm < 1 

'i Hydr°oena"°n I Res,due 

C°mbust'°n 11 H 
t Conventional Combustion Fluidized Bed Combustion 

Cement Industry 
Steel Industry 

Gasification 

Fig. 2. Hydrogenation residue utilization. 
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VCC residues are well suited for either conventional combustion or circula- 
ting fluidized bed combustion which has been proven in appropriate combus- 
tion tests with different vendors. 

As a third alternative, coking of the hydrogenation residue by applying 
VEBA OEL's LTC (Low Temperature Carbonization)-technology leads to fur- 
ther liquid yield improvement and reduction of the "left overs" at low invest- 
ment costs. The remaining coke of the LTC process is easy to handle and can be 
used as landfill (if admissible), sold to the cement industry or used for energy 
generation. If available also other coking processes can be used, utilizing the 
unconverted VCC bottoms as part of the feed to the coking unit. 

Another very attractive area for VCC hydrogenation residue utilization is 
it's application as a binder in the coke oven industry for the production of blast 
furnace coke. In this area the residue is replacing traditionally used coal 
derived pitches for blast furnace coke quality improvement. When the coal- 
derived pitches are high priced, the VCC hydrogenation residue is very much 
appreciated by coke oven plant operators resulting in a reasonable price for 
the VCC residue covering at least transportation cost from the upgrader plant 
to the location of the coke oven plant. Therefore this specific application is 
preferably recommended. 

3. FEEDSTOCK FLEXIBILITY 

One of the major advantages of the VCC process is its independence in 
feedstock quality at high conversion mode of processing. Preferable vacuum 
residues with cut points above 500°C (932°F) are fed to the liquid phase 
hydrogenation system (LPH). Neither high Conradson Carbon and asphaltene 
contents nor high metal contents significantly influence the maximum achiev- 
able residue conversion. 

Beside virgin vacuum residues also thermal or chemical/physical pretreated 
bottom streams are possible feedstocks for the LPH. While Visbreaker vacuum 
residue and Solvent Deasphalter Bottoms can be used as a main source, FCC 
slurry oil and pyrolysis oil may be used as a supplementary feed if required by 
the overall refinery material balance. The reactivity of different feeds to the 
LPH-section of the VCC-process is illustrated in Fig. 3 for some selected feeds. 
Until now, no feedstock restrictions have been identified. 

The processability of Deasphalter Residues as a single feed as well as in 
mixture with FCC slurry oil has been evaluated in a VCC pilot-scale unit  
during a test period of several weeks. 

An analytical characterization of the feedstocks is given Table 2. The 
deasphalter residue origins from a ROSE Deasphalter Unit and shows high 
Conradson Carbon, metals and sulfur contents. Regarding the FCC slurry oil, 
especially the solids content and the aromatic structure are characteristic. 

The residue conversion as a function of LPH reactor temperature is given in 
Fig. 4. With both, pure Deasphalter Residue feed and Deasphalter Residue 
commingled with FCC slurry oil, 95% residue conversion has been obtained. 
The Deasphalter Residue turned out to be a feedstock with a reactivity 
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Fig. 3. LPH-Data base. Temperature vs. conversion > 500°C. 

TABLE 2 

Feed stock properties of deasphalter bottoms and FCC slurry oil for VCC pilot-scale tests 

Property Deasphalter bottoms FCC Slurry oil 

Density, g/ml 1.076 (20°C) 1.065 (80°C) 
Carbon, wt.% 83.30 88.99 
Hydrogen. wt.% 9.14 7.22 
Sulphur, wt.% 6.30 2.61 
Asphaltenes, wt.% 16.8 0.8 
CCR, wt.% 29.3 5.2 
Solids, wt.% 0.04 1.3 
Metals (Ni + V), ppm 323 < 5 
IBP, °C 451 212 
°C, wt.% 97.5 - -  

comparab le  to vi rgin  vacuum residues l ike Arab ian  Light  and May a  VR. The 
addi t ion  of  FCC s lu r ry  oil did no t  inf luence the  res idue c rackab i l i ty  signifi- 
cant ly .  

The  final bo t toms free syn the t i c  c rude  oil for bo th  feeds (af ter  hydro t rea t -  
ment  in the  GPH)  is g iven in Table  3. It  is obvious tha t  even wi th  h ighly  
a romat ic  feedstocks,  l ike FCC s lu r ry  oil, typical  p roduc t  qua l i ty  t a rge t s  e.g. 
a romat ics  con ten t  and smoke point  in je t  fuel can  be fulfilled. 

A more  genera l  view on a romat i c s  s a tu ra t i on  is given in Fig. 4a for process- 
ing Athabasca  b i tumen  at  d i f ferent  space veloci t ies  and average  r eac to r  tem- 
pe ra tu res  a t  160 bar  H2 par t ia l  pressure  applying a s t anda rd  Ni /Mo hydrofin- 
ing cata lyst .  The  a romat ics  c o n c e n t r a t i o n  in the  feeds t ream (pr imary syncrude  
from LPH,  hot  s epa ra to r  bot toms dis t i l la t ion products ,  s t ra igh t  runs)  was 25 
wt% (NMR-analyt ics)  a romat ic  carbon.  
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Fig. 4. Reactivity of selected residues. 

TABLE 3 

VCC Product quality (feedstock: deasphalter bottoms) 

Heavy naptha 
Sulphur, ppm 1 
Nitrogen, ppm 2 

Jet fuel 
Sulphur, ppm < 10 
Aromatics, Vol.% 22 
Freezing point, °C - 46.5 
Smoke point, mm 20.3 

Heavy diesel 
Sulphur, ppm 10 
Cetane index 44 

VGO 
Sulphur. ppm < 50 
Nitrogen, ppm < 100 
CCR, wt.% < 0.1 

Us ing  the  typ ica l  G P H  ope ra t ion  window a degree  of a r o m a t i c s  s a t u r a t i o n  
(in to ta l  l iquid product ,  TLP),  depending  on specific condi t ions  can  be as h igh  
as approx.  75%. The  o the r  i m p o r t a n t  i n fo rma t ion  g iven  by this  g r aph  is the  
fact ,  t h a t  even a t  severe  ope ra t ion  condi t ions ,  a roma t i c s  s a t u r a t i o n  r eac t i on  is 
stil l  far  away  f rom any  equ i l ib r ium s i tua t ion  which  ma in ly  is impac ted  by the  
ope ra t i ng  pressure .  This  h igh  ope ra t ion  p ressure  is the  resu l t  of  the  i n t eg ra t ed  
ope ra t ion  of p r i m a r y  conver s ion  and  hydrof in ishing.  

F igu re  4b i l lus t ra tes  the  impac t  of  the  H2 pa r t i a l  p ressure  on a roma t i c  
s a t u r a t i o n  a t  m ode ra t e  space  ve loc i ty  for  A t h a b a s c a  b i t umen  and B a c h a q u e r o  
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Fig. 4b. Impact of process pressure on the saturation of aromatics in the GPH. 

17. The  feed qua l i ty  was  25 resp. 29 w t %  a r o m a t i c  C. The  final c o n c e n t r a t i o n  in 
T L P  was 13 resp.  14 w t %  a r o m a t i c  C. Even  s t a r t i ng  f rom different  levels  of  
a r o m a t i c s  c o n c e n t r a t i o n  in the  feed, the  final r e su l t  a t  severe  condi t ions  is not  
t h a t  different ,  bu t  stil l  showing  some impac t  f rom the feed qual i ty .  The  advan-  
t ages  of  o p e r a t i n g  on the  typ ica l  V C C - - G P H  window are: 
• the  h igh  degree  of  a r o m a t i c s  s a t u r a t i o n  
• po ten t i a l  for mild h y d r o c r a c k i n g  ope ra t i on  
• suppress ion  of  coke  make .  

Liquid  yields,  l iquid p roduc t  d i s t r ibu t ion  and  hyd rogen  c o n s u m p t i o n  da t a  
a re  g iven  in Tab le  4 for  the  d e a s p h a l t e r  bo t toms  feedstock.  The  to ta l  l iquid 



8 K. Niemann, F. Wenzel/Fuel Processing Technol. 35 (1993) 1-20 

TABLE 4 

Liquid yield and hydrogen consumption at 95% residue conversion (feedstock: deasphalter 
bottoms) 

Conversion ( > 524 °C), wt% 
Liquid yield, vol.% 
Liquid product distribution 

Light naphtha < 82°C, wt.% 
Heavy naphtha 82 177°C, wt.% 
Jet fuel 177-260°C, wt.% 
Heavy diesel 260-343°C, wt.% 
VGO > 343°C, wt.% 

Hydrogen consumption, Nm3/t 

95 
100.0 

5.8 
15.2 
27.5 
29.5 
22.0 

360 

yield was 100% on a volume basis. The hydrogen consumption amounts to 
360 Nm3/t of LPH feed. By varying the operating condition in the GPH unit  of 
the VCC process the liquid product quality and distribution can be adapted to 
the refiners specifications. 

4. THE DEMONSTRATION PLANT BOTTROP 

4.1. History and present configuration 

The Demonstrat ion Plant Bottrop, also called Coal Liquefaction Plant  Bot- 
trop ("Kohle61anlage Bottrop"), was in operation from 1981 until  April 1987 for 
the demonstrat ion of the improved Bergius-Pier  Technology for coal liquefac- 
tion on a technical scale. The plant has demonstrated its ability to achieve 
liquid yields > 50 wt%. During a continuous operation of more than 5000 
hours the reliability of the technology has also been successfully shown 
resulting in the demonstrat ion of the commercial readiness of the technology. 
As this demonstrat ion program ended in April 1987 the plant subsequently has 
been converted into a residual oil conversion plant as lined out with its outside 
bat tery limits connections in Fig. 5. 

As can be seen, the RUHR OEL refinery Scholven (a joint venture between 
VEBA OEL and Petroleos de Venezuela) supplies refinery vacuum resid (virgin 
vacuum resid as well as visbreaker vacuum resid) for conversion in the Demon- 
strat ion Plant  Bottrop. The produced synthetic crude oil is taken back to the 
RUHR OEL refinery as well as the offgas. The three connecting pipelines have 
a length of 15 kilometers each. The necessary hydrogen for the VCC process is 
supplied by a nearby hydrogen pipeline. The util i ty interconnect ion (fuel, 
steam, water and waste water) is interl inked to a nearby coke oven plant of 
RUHR KOHLE AG, VEBA OEL's par tner  in the Demonstrat ion Plant  Bottrop. 
The necessary additive for the process is purchased on the market. 

The left-overs of the VCC technology, the hydrogenation residue, is solidi- 
fied on a stainless steel conveyer belt and transported to the nearby coke oven 
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Fig. 5. Demonstration Plant Bottrop. Outside battery limits connections. 

plant. The hydrogenation residue is used in this plant for quality improvement 
of the blast furnace coke produced. By using the existing equipment from the 
former coal liquefaction time, the Demonstration Plant  Bottrop presently has 
a capacity of 3500 BPD (200000 t per year) vacuum resid. During the operation 
time from January  1988 until now the plant has demonstrated the reliability of 
the design data, its easy operability (as can be seen in Fig. 6, the very smooth 
LPH reactor temperature over time) and high on stream factor (/> 90%). 

For processing of visbreaker vacuum resid Table 5 gives feed and Syncrude 
overall qualities and yield distribution for a conversion rate above 90 wt%. 
Table 6 gives a more detailed survey on product cuts. As the syncrude produced 
is routed into the crude pool of the Scholven refinery and therefore is commin- 
gled with other crude fractions, no high quality of the fractions is required, as 
they are anyhow routed to further processing. 

4.2. Recycling of  waste materials 

Limited irrecoverable resources and environmental protection (e.g. no fur- 
ther landfills) are driving forces for the recycling of waste materials. Hydrogen 
addition technologies can be an excellent way to chemically decontaminate 
waste materials by simultaneously producing high valuable refinery products. 
That is why in addition to processing of refinery vacuum resids of any kind the 
Bottrop plant has demonstrated during the recent years that  it is also able to 
convert different kinds of wastg materials into valuable refinery feedstocks in 
an environmentally safe manner. The following feedstocks have successfully 
been processed (commingled with refinery vacuum resids) demonstrating the 
forgivingness of the technology: 
• used lubricant oils 
• cutting oils 
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Fig. 6. Temperatures of LPH reactors during stat ionary operation (VCC Plant Bottrop). 

TABLE 5 

Typical feed and product qualities for the VCC process (Demonstration Plant Bottrop) 

Feedstock 

Visbreaker VR Syncrude 

Ultimate analysis 
C, wt.% 86.1 86.8 
H, wt.% 10.4 13.1 
S, ppm 24000 320 
N, ppm 6000 170 
O, ppm 5000 500 

Density, g/cm 3 1.008 0.844 
Naphtha SB-180°C, wt.% 29 
MD 180 370°C, wt.% 54 
VGO 370 500°C, wt.% 18.5 17 
VR > 500°C, wt.% 81.5 - 

• r e s i d u e s  f rom d e g r e a s i n g  p l a n t s  
• c h l o r i n a t e d  u s e d  s o l v e n t s  
• p a i n t i n g  s l u d g e s  
• P C B s  ( t r a n s f o r m e r  o i l s )  
• s p e n t  c a t a l y s t s  (e.g. h y d r o t r e a t i n g  c a t a l y s t s )  
• s p e n t  a c t i v a t e d  c a r b o n s  
• u n s o r t e d  m i x e d  p l a s t i c s .  

T h e  b a s i c  c h e m i c a l  r e a c t i o n s  t h a t  t a k e  p l a c e  in  a l i q u i d  p h a s e  h y d r o g e n  
r e a c t o r  a r e  s h o w n  in  F ig .  7a. As  c a n  be  seen ,  t h e  b o n d  s t r e n g t h  b e t w e e n  
a c a r b o n  a n d  a h e t e r o a t o m  is i n c r e a s i n g  f rom c h l o r i n e  o v e r  s u l p h u r  a n d  
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TABLE 6 

VCC Syncrude qualities (Demonstration Plant Bottrop) 

11 

Product Density Qualities Bottrop Further use in 
(kg/L) plant Scholven refinery 

Naphtha 0.73 
IBP-180 °C 
Middle distillate 0.850 
180-390 °C 

VGO 0.89 
390-510 °C 

Sulphur, ppm < 200 Refiner feed 
Nitrogen, ppm < 40 
Sulphur, ppm < 1500 Pool for diesel/ 
Cetane number n.a. light heating oil 
Cloud point, °C n.a. 
Sulphur, ppm < 10000 Feedstock to 
CCR, wt.% < 0.3 hydrocracker 
Metals, ppm < 1 

nitrogen to the strongest carbon-carbon bond. Since the main intent of the 
process application is to convert residual oils into light products, mainly 
carbon-carbon bonds have to be cracked to achieve this goal. As the process 
has to operate under severe conditions, it is obvious that  the much weaker 
bonds of carbon-heteroatom have already been cracked before the car- 
bon-carbon bond gets refractive. Therefore, one can take advantage of this 
fact to convert in a commingled mode of operation crude derived vacuum resids 
together with waste materials. If, at the same time the amount of waste 
materials to be processed is limited to an amount which does not significantly 
effect the fluid dynamics of the reactor, the proven technology can be applied 
in a safe manner to recycle waste materials. The chemical reactions taking 
place and the products produced by processing trichlorobenzene and poly- 
chlorinated biphenyls is given in Fig. 8. Basically the chlorine is converted 
into HC1 and is neutralized by calcium oxide to form calcium chloride. The 
organic part is transfered into cyclohexane, respectively biphenyl. Technically 
this is performed by mixing the waste material, the neutralization agent 
(Additive II), vacuum resid and the additive and routing it commingled to the 
LPH reactor. The formed chlorine salt shows up in the hydrogenation residue, 
whereas the organic components are forming part of the syncrude (Fig. 9). 

Specifically with respect to transformer oils (PCBs), small scale tests had to 
be executed to demonstrate the feasibility of this basic considerations. After 
successful small-scale tests, the Bottrop Plant  acquired a temporary permit to 
process PCBs under the stringent control of the permitting governmental 
agency in 1990. Since 1991 the plant holds permanent authorization for process- 
ing these materials as a result of its very successful operation, demonstrating 
that  PCBs are completely destructed and the syncrude produced is free of any 
chlorine. Today the plant is operated on a mixture of refinery vacuum resid, 
PCBs, used lubricants, degreasing oils, spent solvents, spent refinery catalyst, 
etc. An example for processing of degreasing oil commingled with refinery 
vacuum resid is given in Table 7. As can be seen the produced syncrude is 
significantly upgraded in quality (C/H ratio, sulphur, nitrogen content) and 
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Nitrogen and oxygen components are destructed totally. The formed 

hydrocarbons reflect the structure of the original PUR. The following PUR 

structure has been assumed: 

O O 
. . H 2 

[(CH2~ 4 0  - C - NH (CH2")6 NH- C - O]" n = 

C4 H10 + H20 + NH 3 +CH 4 +C 2 H6 

The H 2 consumption is 9,4 wt% corresponding to 1042 Nm3/t feed. 

Yield structure. 

Water 27,9 wt.% 

NH 3 13,3 wt.% 
Methane 12,4 wt.% 

Butane 22.5 wt.% 

Hexane 33,3 wt.% 

Sum 109,4 wt.% 

The foaming agents (CIHC resp. FHC) are dehalogenated into HCI resp. HF 

and are transformed into salts (neutralized) by adding CaO. 

CCL 4 +4H2 - - >  CH4 +4HCL 

CFCL3 + 4H2 - - >  CH4 + 3HCL + HF 

Fig. 7. (a) Main chemical reactions. (b) Reaction products of polyurethane under VCC 
hydrogenation conditions. (c) Product qualities derived from plastics hydrogenation via 
VCC compared to Arabian Light crude oil. (d) Recycling of mixed waste plastics via 
hydrogenation 

free of chlorine. The typical feed and syncrude composition from a day-to-day 
operation for the Demonstrat ion Plant is given in Fig. 10. 

The economic advantage of processing the before mentioned waste materials 
is given by their  zero to negative value. The following example explains the 
order-of-magnitude benefits for a 25000 BPD unit, processing one-third of waste 
materials. 
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VCC Products Arabian Light 
(c) Crude Oil 

NaDhta (C5-180 °C) 
Density 15 °C g/ml 0,750 0,730 
S ppm < 50 500 - 700 
N ppm < 50 < 50 

Mlddle Distillate (180-350 "C} 
Density 15 °C g/ml 0,850 0,825 
S ppm < 150 7400 
Cetane Number 43 - 48 45 - 50 

Vacuum Gasoil (< 350 °C) 
Density 15 °C g/ml 0,900 0,920 
S ppm < 500 25000 
N ppm < 500 800 

Metals ppm < 1 < 1 

Residue (> 520 °C| (1) 
Density 15 "C g/ml ca. 1,30 1,012 
S wt.% 1,50 4,02 
Metals ppm 5000 - 7000 (2) 121 
Ashes wt.% 6 - 12 0,05 

Rema~s: (1) corresponds to hydrogenation residue of the VCC unit resp. 
the distillation residue from crude distillation 

(2) depends on type of plastics 

Crude 

(d) 

~ ~  Vacuum Residue 

v ~  Synthetic Crude 

-. @-" 
Fig. 7. (Continued) 

Transportation 
r 

Fuels 

Value  of waste  mate r ia l s  (free upgrade r  p lan t  in Germany)  
• Used lube oils $/t approx.  0 
• Mate r ia l s  ~<0.2 ch lor ine  $/t approx.  200-250 
• P u re  PCBs $/t approx.  1500-1800 

For  the purpose  of this eva lua t ion  an average  credi t  of 300 $/t is assumed. 
Opera t ing  expenses  are nea r ly  covered  by the  va lue  of  the  syncrude  produced  
from process ing  these  mater ia ls .  
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Cl H 

H ~ :  Hydrogen H ~ ,  H~H * H H Hydrogen ~> H H 

CI I LPH H GPH 
H H H H 

÷ HCI 

GPH | 
Cl Cl H H H H 

I ~ C  H y d r o g e n  "~" H ~ H 
LPH 

C I H H H H 

D Syncrude 

• HCI  

2 H C l  * C a O - - C a C h  , H ,O  

Fig. 8. Mechanism of dechlorination reactions. 

~'n R e i n  '1 
Ad~tive I i 

Additive, 

Waste I~ter~Is 

Hydrogen 

LPH Reactor r - -  

Preheater @ 

Hot Separator GPH Reactor lRocycle Gas 

I Off Gas p 

I I Waste Water Ip 

Hydr tiOn Re~lue 

Fig. 9. Recycling of waste materials in the VCC process. 

Sav ings  (MM$/year )  
• 8330 BPD v a c u u m  resid 1 27 
• Credi ts  2 f rom was te  p rocess ing  110 

130-140 

This  example  i l lus t ra tes  d ras t i ca l ly  the h igh  prof i tabi l i ty  of p rocess ing  those  
mate r i a l s ,  a t  leas t  unde r  the  condi t ions  p reva i l ing  in Germany .  

The  mos t  r ecen t  deve lopmen t  in feeds tock  process ing  was s t ipu la ted  by the  
new plas t ic  p a c k i n g  m a t e r i a l  o r d o n a n c e  in Ge rmany ,  which  calls for a h igh  

1At 10$/BBL (HFO). 
2 Density 1.2 g/ml. 
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TABLE 7 

Chlorine decontamination and product qualities via VCC (Demonstration Plant Bottrop) 

Parameter Vacuum bottom Residue from Product 
(70%) degreasing plant 

(3O%) 

C (%) 85.03 83.49 87.03 
H (%) 10.34 10.62 12.86 
S (%) 3.34 0.98 0.0373 
N (%) 1.18 0.92 0.0162 
O (%) 0.6 3.7 0.05 
C1 (ppm) N.D. 10,200 < 1 
IBP-200 °C (%) - 44 32 

200-350 °C (%) - 22.1 41 
350-500 °C (%) 0.6 19.6 26 
> 500°C 99.4 14.3 1 

0,7 t /h  Hydrogen 
18~0 t /h  Vacuum Remdue 

0~5 t /h  PCB 
1,25 t /h  ~ I.ulxicants 

1,5 t /h  IJ6ed Solvents 
0,5 t /h  Additives 

Feed 

17,6 t /h  Syncrude ° 
1,9 t /h  HC-Gases 
0,7 t /h  NH=,H=S,H=O 
2,0 t /h  Hydrogenation Residue 

Products 

* Syncrude contains : 

5,1 t /h  Naphtha 
8,9 t /h  Diesel 
3,6 t /h  VGO 

Fig. 10. Recycling of waste materials (VCC Demonstration Plant). 

degree  of  r ecyc l ing  of mixed  plas t ics  to avoid  u n n e c e s s a r y  o c c u p a t i o n  of 
l imi ted  space  on deposi t  sites. As t h e r m a l  u t i l i za t ion  is no longer  permi t ted ,  the  
d i rec t  or  chemica l  recyc le  resu l t s  in 
• p ro t ec t i on  of l imi ted i r r e cove rab l e  ene rgy  resources  (crude oil) 
• a v o i d a n c e  of d ioxine  emission.  

The  VCC process,  due to its capab i l i ty  to hand le  ch lor ines  and  solids is 
pe r fec t ly  sui ted  to process  these  mate r ia l s .  The  resu l t s  of  p las t ics  decomposi-  
t ion for p o l y u r e t h a n e  is g iven in Fig. 7b. F igure  7c gives a compar i son  of yields 
and  qual i t ies  f rom process ing  mixed plas t ics  compa red  to A r a b i a n  Light .  As 
a resul t ,  unso r t ed  mixed plas t ics  a re  conve r t ed  into  res idue  free syn the t i c  
c rude  oils (SCO) which  serve  as feeds tock  for  fu r the r  olefins p roduc t ion  
(Fig. 7d). T h e r e b y  the  loop f rom plas t ics  p roduc t ion  over  u t i l i za t ion  to olefins 
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Fig. 11. Areal view of the Demonstration Plant Bottrop. 

is closed by the VCC process in an env i ronmenta l ly  safe manner .  After  a dem- 
ons t ra t ion  of this way of chemical  conversion,  the Bot t rop  Demons t ra t ion  
P lan t  is p resent ly  debot t l enecked  to process 40000 t /year  of unsor ted  mixed 
plastics from mid-1993 onwards.  

F igures  11-13 give an impression of the Bot t rop  Demons t r a t ion  Plant .  

5. IMPACT OF A VCC-UNIT INTEGRATED INTO AN EXISTING REFINERY CONFIG- 
URATION 

For  the purpose of i l lus t ra t ing  the impact  of the in t eg ra t ion  of a VCC uni t  
into a refinery,  re fe rence  is made to a 100000 BPSD s tandard  ref inery configura- 
t ion process ing Arab ian  Light  crude. 

The  ref inery conf igura t ion  chosen consists  of  
• an a tmospher ic  and vacuum uni t  
• re f iner / re former  uni t  
• FCC including a lky la te  uni t  
• gas t r e a tmen t  unit .  
The  setup is shown in Fig. 14. 

For  the purpose of to ta l  des t ruc t ion  of heavy  fuel oil, a VCC uni t  is intro- 
duced into the ref inery scheme (Fig. 15) conver t ing  the produced vacuum resid 
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Fig. 12. View on hydrogenation and distillation section of the Demonstration Plant Bottrop. 

plus the FCC slurry oil (HCGO). For the purpose of this evaluation it is 
assumed that  the necessary hydrogen is generated by steam reforming of 
natural  gas. In an optimized scheme the size of the steam reformer unit  may be 
reduced by recovering hydrogen from the naphtha reformer off-gases. The 
impact on refinery product output by introducing the VCC residual oil conver- 
sion unit  into the basic refinery scheme is given in Table 8. 

The basic scheme without bottoms upgrader--is producing approx. 89000 
BPD transportation fuels. By introducing a VCC unit the remaining 

21000 BPD HFO (vacuum resid ÷ FCC slurry oil) are converted into light 
distillates with a volumetric yield of approx. 105%. A further yield improve- 
ment takes place by converting the high quality VCC VGO in the FCC unit  
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Fig. 13. Large volume reactor of the Demonstration Plant Bottrop. 

intemal consumption 
~ LPG 

A~Di ~s- ~ ~  ~ , CarburettorFuele~ 
pt 1 ~t, Kerosene (Jet) Fuel = y 

I Diesel/Ught 
Heating Fuel Oil r 

I Vacuum I i~ FCCincl. i I 
Distil- Alkylate 

= lation = 

I 
HCGO 

i-C4 ~ / Heavy Fuel Oil v I= 

Natural Gas (as fuel) 

Fig. 14. Simplified refinery flow scheme. 

(with connected alkylate unit). In total a yield improvement of 24500 BPD is 
achieved and no fur ther  HFO is produced. As VCC kerosene and diesel are of 
low aromatic content, the quality of the refinery pool for both products is 
significantly improved. 
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'lerlc 

i-C4 r- 

Natural Gas 

internal consumption 

~ LPG • 
Carburettor Fuels • 

I ~ Kerosene ]1 ~ 

"~ Diesel I I I 

Fig. 15. Simplified refinery flow scheme with integrated VEBA-COMBI-CRACKING unit. 

TABLE 8 

Comparison of yields for a medium and high conversion refinery based on Arabian Light 
using VCC as high conversion process 

Medium conversion High conversion 
refinery refinery 

Crude oil import (BPD) 100 000 100 000 

Products (BPD) 
Carburettor fuels 60 300 73 200 
Kerosene 10 900 14 000 
Diesel 17 700 26 200 

Transportation fuels (BPD) 88 900 113 400 

Heavy fuel oil (BPD) 21 200 - 

6. CONCLUSIONS 

Dur ing  its recent  years  of  opera t ion  the Bot t rop  Demons t ra t ion  P lan t  has  
seen some impor tan t  ach ievements  
• conf i rmat ion  of all design da ta  
• h igh rel iabi l i ty (/> 91%) 
• demons t ra t ion  of the forgivingness  (or robustness)  of the t echno logy  
• demons t ra t ion  of  waste  recyc l ing  for env i ronmenta l  protect ion,  coupled wi th  

p roduc t ion  of refinery feedstocks and economic  improvement .  
For  a fu r ther  extension of the waste  recycl ing  aspects the hydrogena t ion  of 
mixed plastic mater ia l  has  been demons t ra ted  at  the Bot t rop  Demons t ra t ion  
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Plant.  The plant  is present ly  undergo ing  a debot t lenecking  program to process 
addi t ional ly  40000 t /year  of this mater ia l  as from mid-1993. 

Especial ly the appl icat ion of waste mater ia l  convers ion  makes  bot toms 
of-the-barrel upgrad ing  a t t rac t ive  even in t imes of  f luc tuat ing differentials  as 
this mode of opera t ion  results  in robust  economic behav iour  in unce r t a in  
economic scenarios.  Fur thermore ,  the recycl ing of industr ia l  waste s t reams 
cont r ibutes  to a savings in i r recoverable  resources  and envi ronmenta l  protec- 
t ion as landfill or combust ion  is avoided. 
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