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SUMMARY 

The recovery of light olefins in petrochemical plants has generally been accomplished through 
cryogenic distiiation, a process which is very capital and energy intensive. In an effort to simplify 
the recovery process and reduce its cost, BP Chemicals has developed a chemical absorption 
technology based on an aqueous sihrer nitrate solution. Stone & Webster is now marketing, 
licensing, and engineering the technology. The process is commercially ready for recovering 
olefins fjrom olefin derivative plant vent gases, such as vents from pol,-ethylene, polypropylene, 
ethylene oxide, and synthetic ethanol Units. The process can also be used to debottleneck Cz or 
C3 splitters, or to improve olefin product purity. This paper presents the olefin recovery 
technology, discusses its applications, and presents economics for the recovery of ethylene and 
propylene. 

BACKGROUND 

BP Chemicals and Stone & Webster are jointly developing an olefin recovery process termed 
"Selective Olefin Recovery" (SOR) which greatly reduces the high capital and operating costs 
typical of cryogenic recovery systems. The technology is based on an old idea - using a salt of a 
group El transition metal to form complexes with olefins, and then dissociating the complexes at 
higher temperatures andor lower pressures, releasing a single or mixed olefin gaseous stream. 
The process is selective iN that unlike physical absorption systems, only the olefins are absorbed. 
Paraffins do not form metal complexes, and are only very slightly soluble in aqueous solutions. 

In this joint effort, BP Chemicals is doing the research and development, while Stone & Webster 
is responsible for marketing, licensing, and basic engineering of the technology. As the 
technology offers potential for substantial energy savings, some of the development work has 
been fimded by the U.S. Department of Energy. 

CHEMISTRY 

BP Chernicals has spent eight years developing the SOR process. It uses a concentrated she r  
nitrate solution as the chemical complexing absorbent. Silver ions in the solution form stable 
complexes with olefins, diolefins, and acetylenes. 
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Figure 1 shows the 1: 1 rehtionship between the number of pi bonds and the number of silver ions. 

- Figure1 
Dewar Model for Silver Ion-Olefin Complex 
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Table 1 indicates the 
relative strength of the 
various complexes. 
Diolefins form the strongest 
complexes, followed by 
acetylenes, and then 
monoolefins. For the usual 
compounds of interest, 
butadiene and propadiene 
are complexed most 
strongly, followed by 
acetylene and methyl 
acetylene, and then by 
ethylene and propylene. 
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0 Olefin metal complex strength is as follows (strongest to weakest). 

Diolefins > acetylenes > olefins 

For the usual compounds of interest, complex strength (strongest to weakest) is as follows: 
Butadiene, propadiene > acetylene, methyl acetylene 

0 

ethylene, propylene 

Complex dissociation follows the reverse of the above order. 

PROCESS DESCRIPTION 

A membirane contactor was developed by BP for coqlexing and removing olefins fiom various 
feed streams. This type of contactor was developed as an outgrowth of an earlier development of 
a facilitated transport membrane process. In the facilitated transport process, a silver nitrate 
solution is immobilized in a membrane. Olefin complexes are formed on the feed side of the 
membrane and dissociatd on the permeate side. Difficulties were encountered in keeping the 
membrane wetted and the immobilized solution clean, during the development of the facilitated 
transport process. The process evolved into a chemical absorption process instead. Membranes, 
particularly in the form of hollow fibers, provide a high Surface area in a small space and are 
relatively robust. The membrane contactor provides a compact, low inventory, high Surface area 
contactor, requiring little operator attention and amenable to skid-mounted construction. 
Although olefk recovery is lower than for a staged absorption tower, 'Le compact configuration 
is advantageous when handling expensive sihrer solutions. 



As seen in 'Figure 2, the silver solution is passed through the bores of the hollow fiber 
microporous membranes. +The olefin-containing gases are passed along the outside of the 
membrane fibers. The solution pressure is kept slightly higher than the gas pressure to ensure that 

Figure 2 the membrane is wetted. A 
Olefrn Absorption in Membrane Contactor small amount of solution 

permeates the membrane into 
the gas phase. Olefins are 
absorbed by the solution along 

OMn cunpiexmlgr Gas- the length of the membrane by 
C$4 forming metal complexes. A 
p2 PI continuous transport process 

occurs, where f?ee metal ions 
migrate into the membrane as 
the complexes migrate back 
into the bulk solution. As the 

MBnbtna fiber wit olefins are absorbed, their 
partial pressure is lowered and 

Panetteemanbrna hto the rate of absorption 
a=- decreases. Olefin recovery 

depends on the partial pressure of the ole& m the feed, the extent of solution regeneration, the 
membrane surface area, and other factors. As the membrane contactor process is not a staged 
process, very high recoveries are not achievable. For most applications, olefin recoveries will be 
in the 60-90% range. 
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Figure 3 is a schematic representation of the membrane contactor which was developed by BP 
Chemicals. These units have been fabricated in a variety of sizes ranging fiom 1000 to 5000 ft2. 

Figure 3 
Schematic  of Membrane Contactor 
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Feed is introduced to the top 
of the bore section, and is 
distributed through a 
perforated center tube across 
the fiber bundle, which is 
spiral wound onto the center 
tube. Olefins are absorbed . 
through the fibers as descnied 
above, and the non-absorbed 
gas leaves as "reject". Lean 
solution is pumped through 
the bores of the membrane 
fibers, which are "potted" into 
epoxy tubesheets, so that the 
fiber bores are open to both 
the inlet and outlet channels in 
a manner analogous to a shell 
and tube heat exchanger. 
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The rich solution exits the membrane module and, in the simplest mode, is flashed by pressure 
letdown into a drum, theryby releasing the gaseous olefin. Figure 4 indicates a system which uses 

flash regeneration. Flashing 
may also be performed by 
heating the rich solution, or by a 
combination of pressure 

Figure 4 
Simplied Representation of Membrane 

Demonstration Unit 

Membrane 
Module 

reduction and heating. This 
combbation, termed pressure/ 
thermal regeneration, may be 
attractive if the olefin is desired 
at hi& pressure and/or if higher 
recovery is justified. 

The lean solution is then 
pumped back to the membrane 
mod&. If thermal regeneration 
were utilized, the lean solution 
would be appropriately cooled. 

The reject gas is sent to a separator, where the small amount of solution that bleeds through the 
membrane is removed ani, returned to the flash drum. The olefin product can be water washed to 
remove entrained salts and dried ifnecessary, depending on product specifications. 

Since sihier reacts irreversiblywith certain sdfk compounds such as H2S, a desulfUrization step 
may be :required for pretreating the feed gas. Acetylene removal may also be required as a 
pretreatment step depending on the concentration of acetylenes in the feed. As discussed above, 
acetylenes form strong complexes with silver and could deactivate the solution. Furthermore, 
siher acetylides are hazardous compounds, and are unstable if allowed to dry. Either a sacrificial 
metal bed or selective hydrogenation step can be used to remove acetylenes, depending upon the 
feed acetylenes concentration and feed flowrate. 

PRO CESS DEMONSTRATION 

As seen in Table 2, BP Chemicals has demonstrated the technology for two different applications. 
One application involved the recovery of ethylene from vent gases at their synthetic ethanol plant 
at Grangemouth, Scotland. The other involved the upgrading of propylene from refinery-grade to 
polymer-grade for an existing C3 splitter at BP oil's Toledo, Ohio refinery. 

Both demonstrations used skid-mounted units with about 1000 ft2 of membrane surface. S d f k  
and acetylene removal prp:reatment steps  were included. 

Both demonstrations met their original objectives. The Toledo unit ran for about six months. It 
received raw propylene (splitter feed), which vaned from 65% to 85% propylene, the balance 
being propane. Propylene product from the membrane unit averaged 99.5%. The Grangemouth 
Unit ran for three months. It received an 85% ethylene stream, contaminated with ethanol, 
aldehydes, ethers, and other compounds. Ethylene was recovered at 92.96% purity and 8590% 
recovery. Neither unit had any silver loss, or any decrease in purity or recovery over their runs. 



Grangemouth Demonstration Toledo Demonstration 
Synthetic Ethanol Plant Vent Gas App lic.at ion 

0 bject ive Ethylene Recovery Propylene Product Upgrading 
Run Length 1 3 Months 6 Months 

Existing Propylene Splitter 

~~ 

Feed 85% Ethylene With ethanol, 6585% Propylene, balance-- 
acetaldehyde, diethyl ether propane 

Product Purity 55-96% 99.2-99.7% 
Product Recovery 85-90% 60-70% 
- 
- 

Existing facilities were available at Grangemouth for vent gas olefin recovery, so the 
demonstration plant was shut down after proving its performance. The Toledo demo unit was 
also &ut down, since there was no need for polymer-grade propylene at that location. The 
Toledo diemo unit is now in the process of being relocated to recover ettylene from a vent gas. 

PROCESS ECONOMICS 

Various studies were performed to evaluate Selective Olefin Recovery system for recovery of 
olefins from vent gases, upgrading of refinery streams, and debottlenecking of splitters. The 
results o€ one study which examined the recovery of ethylene from an ethylene oxide plant vent 
stream are shown in Table 3. The SOR system has a simple payout m the 15-16 month range. 

Basis: Recovery of ethylene from ethylene oxide plant vent stream containing 25% 
ethy1:ae 
Wet 95% ethylene product at 2 psig 
Pressure regeneration -----> 70% recovery 
P/T regeneration ------> 80% recovery 

I N; Operating Benefit $677,20OIyr $73 8,500Iyr $61,30O/yr 
Pa back 15.4 months 16.0 months 21.9 months 

Both pressure and pressure/thermal regeneration designs were e x a h e d .  
pressure/thermal regeneration is that it produces a leaner solution, which results in a higher olefin 
recovery For the case studied, the recovery was increased from 70% to 80% by incorporating 

The advantage of i 



pressurdthexmal regeneration. The additional costs associated with pressure/thermal regeneration 
are paid out in about 22 months, making it an attractive option for the case studied. 

Another study examined potential savings using a membrane system for refinery propylene 
upgrading. A conventional C3 splitter design was compared with a SOR system. The economic 
comparison is shown in Table 4 for a grass roots installation producing 2000 BPD of 99.5% 
polymer-grade propylene from 70% refinery-grade propylene. Savings of 15% in capital cost, 
25% in operating cost, and 19% in overall production cost were estimated over the distiiation 
alternat be. 

- 

Basis: a RefineIy-grade propylene feed (70% propylene) 
a 2000 BPD of 99.5% polymer-grade propylene product 

CaDital Cost 
&era ting Cost I -25% 1 

Use of an SOR system for column debottlenecking was also studied and generally found to be 
attractive. As seen in Figure 5 ,  for column debottlenecking a membrane unit is integrated into the 

dec:gn to treat a vapor 
sidedraw above the feed and 
produce a supplemental 

Figure 5 
PropanePropylene Separation Using Hybrid Proces 

propylene product stream 
and a reject stream which is 
returned to the column. 
Several cases were studied, 
including increasing 
prcpylene purity from 
chemical to polymer-grade, 
increasing throughput while 
maintaining purity, and 
increasing both purity and 
throughput. Most cases 
were found to be attractive. 
The economics of a given 

application will be dependent on olefin product value, utility pricing, feed composition including 
contaminant levels, existing column constraints, and other factors. Each application must be 
evaluated on its own merits. 



APPLICATIONS 

As seen in Table 5 ,  ethylene and propylene recovery fiom polyolefin or olefin derivative plant vent 
gases represents a major application foreseen for the SOR technology. Often, the polyolefin or 
derivative producer is not close enough to the olefin producer to consider returning vent gases to 
the olefin plant. 

CURRENT 
t .  

Petrochemical Cz and C; Splitter debottlenecking 
Ethylene recovery from ethylene oxide, synthetic ethanol, and 
other ethylene derivative plant vent gases 
Propylene recovery fiom propylene derivative plant vent 
gases - 

Refmerv G Sulitter debottlenecking 
_ _ _ _ _ _ _ _ _ _ ~ ~  _____ ~ _ _ _ _ _ _ ~  

Polymer I Ethylene recovery from polyethylmylant vent gases 
Propylene recovery fiom polypropylene plant vent gases 
Olefin recovery from steam crackers 
Propylene recovery fiom cat cracked gases 

A 

Another major application for the SOR technology is product upgrading or debottlenecking of Cz 
and C3 splitters in olefin plants, and C3 splitters in refineries. Product upgrading and splitter 
debottlenecking generally amount to the same thing, since reflux can usuaily be increased to 
increase product purity. 

Both the vent gas recc:**ery and splitter debottlenecking applications are now commercially 
demonstrated and are ready for additional commercial applications. 

One fbiture vision for this technology might be use of a modified SOR process for the recovery of 
olefins &om steam cracker and cat cracker raw gases. E the  SOR process can be successfully 
developed for these applications, it could substantially reduce both the capital and operating costs 
of current olefin recovery technology. 


