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1.0 INTRODUCTION 

This report presents the results of the outstanding studies on olefin product purities, 
pyridine recovery, and absorber offgas utilization. Other reports issued since the 
May 2 technical review meeting in Grangemouth evaluated the impact of the new 
VLE data on the solution stripping operation and the olefin loadings in the lean and 
rich solutions. 

This report completes the bulk of Stone & Webster's engineering development of the 
absorber/stripper process for Phase I. The final feasibility study report (to be issued 
in August) will present an updated design and economics. 
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2.0 SUMMARY 

A 150,000MTA ethylene plant was used as a basis for all three studies, since it was 
felt that grassroots SOR plants of this size coupled to a dedicated polymer unit 
provided the most likely market for entry. The overall conclusions from SWEC’s 
study work are as follows: 

(1) Polymer grade products can be produced for an increase of only 2.2% in 
ethylene production cost ($O.O05O/kg ethylene increase). 

(2) Pyridine recovery adds 2.5% to the ethylene production cost ($O.O058/kg 
ethylene increase). 

(3) The cost impact of increasing the olefin product purities and adding a pyridine 
recovery system is an increase of 4.7% in the ethylene production cost ($0.0108/kg). 

(4) C,+ recovery is not economical for propane cracking, but may be attractive for 
ethane or E/P cracking. Higher feed/fuel differential pricing is required to make 
C, + recovery more economical. - 

Individual studies are summarized below. 

Increased Product Purities Study 

Polymer-grade olefins can be readily produced in the SOR process by a combination 
of minor design changes. These include the addition of a pasteurization section and 
additional trays to the deethylenizer, larger reboilers on the deethylenizer and 
depropylenizer, slightly larger diameters for these towers, and larger cold (propylene . 

refrig) exchangers. The larger deethylenizer, depropylenizer, and auxiliaries, and the 
greater fractionation section utility requirements affect the overall SOR economics 
only slightly, as the fractionation costs are overshadowed by the costs of the cracked 
gas compression, olefin compression, and cuprous nitrate systems. 

The estimated increase in the installed cost of the SOR system to achieve polymet- 
grade product purities is only 0.6%. The estimated increase in the variable operating 
cost is 5.5 % . The estimated increase in ethylene production cost is only about 2.2 % 
or $O.O05O/kg ethylene. 

Pyridine Recovery Study 

Pyridine is readily recovered from the mixed olefir& absorber offgas, and C,+ 
gasoline by water washing. The mixed olefins are washed in the upper section of the I 

stripper, and again at higher pressure by the addition of a trayed section in the olefin 
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compressor discharge drum. The offgas is first water washed in the upper absorber 
section by pumparound of pyridine-containing water, followed by a new counter- 
current trayed washing section using stripped water. The C,+ gasoline is washed 
using a two-stage mixerlsettler. The second stage represents additional equipment 
as compared with the previous design. 

. 

UOP has advised that residual pyridine will not impact the dryer operation. It will 
largely pass through the dryers unadsorbed, and any adsorbed pyridine will be 
stripped during the regeneration cycle. If pyridine reaches the distillation section it 
will wind up in the C,+ olefin product (depropylenizer bottoms). Depending on 
specs for this product, washing may also be required. 

Contaminated pyridine/water from the various washing operations is processed in an 
extractive distillation using a benzene entrainer. A three-column distillation 
(stripping tower, extractive distillation column, and benzene/pyridine splitter) 
produces stripped water, pyridine, and benzene for recycle. Although the extractive 
distillation process has a large amount of equipment, the columns are small (750-900 
mm diameter and 20-30 trays each), and the installed cost of the entire system is only 
$3 MM for a 150,000MTA SOR unit. 

- 

Pyridine recovery increases the total recovery system cost by 6.0%. This amounts to 
a 3.3% increase in the olefrn plant ISBL cost including the cracking section. The 
ethylene production cost is increased only 2.5%, or by $.005S/kg ethylene. 

The economics of pyridine recovery can also be evaluated by comparing the SOR 
savings against a conventional cryogenic recovery system. Previous reports had 
indicated that without pyridine recovery, the savings was $24 MM for this size plant 
or 32% of the recovery system cost. With pyridine recovery included in the SOR 
design, the savings decreases to $21 MM or 28% of the recovery system cost. 

Absorber Offgas Utilization Study 

Only about 30% of the absorber offgas can be used as fuel for the cracking furnaces. 
The following options for utilizing excess absorber offgas were considered: 

0 Export fuel gas 
0 Power generation 
0 

0 Hydrogen recovery 
0 

Other high value added products such as methanol 

C,+ recovery and recycle to cracking 

About 85 MW of export power or 170,000MTA of methanol can be generated from, 
the excess offgas of a 150,000 MTA SOR unit. However, power generation or the 
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production of another product add to complexity, require a large additional 
investment, and add the risk of marketing another product. The hydrogen content 
of the offgas does not add any advantage to power generation, and only slightly 
improves the economics of methanol production as compared with its manufacture 
from natural gas. 

A PSA system recovering hydrogen from the offgas of a 150,000 MTA SOR unit can 
produce about 150,000 NM3/day (5.6 MM SCFD) of high purity hydrogen, assuming 
80% recovery. As a separate hydrogen stream is not needed for the SOR process, 
recovery of hydrogen from the absorber offgas entails marketing an additional 
product with the attendant marketing risk. 

Accordingly, this study focused on the recovery of %+ hydrocarbons for recycle to 
cracking. Two processes were evaluated, a turboexpander/demethanizer system and 
a lean oil system. 

The turboexpander/demethanizer process can achieve 73% ethane recovery and 
99.6% propane recovery without external refrigeration. The only utilities required 
are small amounts of cooling water and electric power for the expander lube 08 
cooler, lube oil pump and demethanizer bottoms pump. 

The lean oil process was designed to produce a G+ product, hydrogen product, and 
fuel gas product. It can achieve 99% recovery of Gs, 97% recovery of Gs, and 91% 
recovery of hydrogen as a 9Q% purity product. It requires, however, about 2600 kw 
of power for gas compression, propylene refrigeration compression, and various 
pumps, and also requires a large amount of MP steam for reboilers. 

Both G+ recovery processes were evaluated based on upgrading products from fuel 
value to feed value. For the assumed study basis (propane cracking, 150,000 MTA 
capacity), both the turboexpander and lean oil systems have unattractive economics. 
The payout for the turboexpander system is 6.4 years and the payout for the lean oil 
system is 9.4 years. The major reasons for the poor payouts are the relatively small 
amounts of unconverted feeds, low feed-fuel differential values, and small plant size. 
The economics of both processes will be improved for ethane cracking or E/P 
cracking, due to the lower ethane conversion as compared with propane. The extent 
of improvement has not yet been quantified. 
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