
BATCH PROCESS AND SYSTEM FOR THE PRODUCTION OF OLEFINS
Related Applications This application claims priority
from U.S. Provisional Application 61/072,993 filed
April 4, 2008. Background The disclosed embodiments
generally relate to processes and systems for
producing alpha olefins and more particularly to a
batch process for the production of alpha olefins. A
conventional process for production of comonomer grade
hexene-1 from C4 raffinate feed streams is a
continuous process that has three stages. First
butene-1 is separated from the feed stream in a C4
fractionator. The butene-2 in the fractionator bottoms
stream is isomerized to butene-1 and recycled to the
fractionator. Second, the butene-1 is sent to an
autometathesis reactor to form ethylene and hexene-3.
The reactor effluent is sent to a depentanizer to
separate hexenes. The products are lights that go
overhead, the hexene-3 is a liquid bottoms product,
and the C4/C5 products are recycled. Third, the
hexene-3 feed is isomerized and the hexene-1 product
is separated in a C6 fractionator. US Patent No.
6,727,396 (Gartside, April 2004) describes a
continuous process for production of hexene-1,
combining the isomerization and metathesis steps.
Typical metathesis reactions are described in US
Patent No. 3,595,920 (Ellis et al, July 1971). US
Patent No. 4,709,1 15 (Jung et al, November, 1987)
discusses improving the selectivity and conversion of
butene-1 and butene-2 to hexene-3 by using catalytic
distillation. The removal of the lighter components
pushes the reaction equilibrium toward the heavy
products. US Patent No. 5,057,638 (Sweeney, October
1991) discusses a method for production of hexene-1
from butene- 1 in which the butene-1 is metathesized
to hexene-3. Subsequently, a hydration/dehydration
procedure is applied to produce a mixture of n-hexenes
containing hexene-1 . Various other processes are
known for the processing of C4 olefins. US Patent No.
6,875,901 (Gartside et al, April 2005) describes
olefin isomerization technology used for production of
terminal olefins. The process is applied to the
production of butene-1 from butene- 2. US Patent No.
6,777,582 (Gartside et al, August 2004), describes
butene-1 autometathesis technology, including
differences from the conventional metathesis reaction
of butene-2 and ethylene to produce propylene.
Closed-loop heat pumps are used in various processes.
US Patent No. 6,589,395 describes a process in which a
closed-loop heat pump is included on a general
distillation tower. This document describes the use of
a heat source and heat sink that can be substituted
for the heat pump should the compressor fail. US
Patents No. 5,386,075 (Keil et al, January 1995) and
No. 4,615,769 (Horigome et al, October 1986) discuss
the use of an open-loop heat pump in an
ethylbenzene/styrene distillation.It would be useful
to develop a process for producing alpha olefins that
has improved efficiency when operated on a small
scale. Summary One embodiment is a process for
producing an alpha olefin comprising obtaining a feed
stream comprising an internal olefin having a first
carbon number and an alpha olefin having a first
carbon number, isomerizing the feed stream in a first
isomerization reactor to increase the quantity of the
alpha olefin having the first carbon number, forming a
first isomerization effluent, fractionating the first
isomerization effluent in a first fractionator to
obtain a bottoms stream comprising the internal olefin
having the first carbon number and an overhead stream
comprising the alpha olefin having the first carbon
number, subjecting the overhead stream to catalytic
metathesis in a metathesis reactor under conditions
and in the presence of a first metathesis catalyst to
produce a mixed olefin effluent comprising an internal
olefin having a second carbon number and other
hydrocarbons, fractionating the mixed olefin effluent
in a second fractionator to remove at least a portion
of the other hydrocarbons and obtain an internal
olefin intermediate, preparing the first isomerization
reactor to receive the internal olefin intermediate,
isomerizing the internal olefin intermediate in the
prepared first isomerization reactor to form a second
isomerization effluent comprising an increased
quantity of alpha olefins having the second carbon
number, preparing the first fractionator to receive
the second isomerization effluent, and fractionating
the second isomerization effluent in the prepared
first fractionator to separate the alpha olefin having
the second carbon number from the internal olefin
having the second carbon number. In some embodiments,
a portion of the butene-1 is removed from the first
fractionator as butene-1 product. Another embodiment
is a process for producing hexene-1 comprising
obtaining a C4 feed containing butene-1 and butene-2,
isomerizing butene-2 to butene-1 in a first
isomerization reactor, forming a first isomerization
reactor effluent, fractionating the first
isomerization reactor effluent in a first fractionator
to form an overhead stream comprising butene-1 and a
bottoms stream comprising butene-2, subjecting at
least a portion of the overhead product to catalytic
metathesis in a first metathesis reactor under
conditions and in the presence of a first metathesis
catalyst to produce a mixed olefin effluent comprising
ethylene and hexene-3, fractionating the mixed olefin
effluent in a second fractionator to form a hexene
stream comprising hexene-3 and an overhead product
stream comprising ethylene, preparing the first
isomerization reactor to receive the hexene stream,
isomerizing the hexene stream to form a second
isomerization effluent comprising hexene-1 and
hexene-2 and the remaining hexene-3, preparing the
first fractionator to receive the second isomerization
effluent, and fractionating the second isomerization
effluent in the prepared fractionator to obtain a
hexene-1 stream. Yet another embodiment is a system
for producing an alpha olefin, comprising a first
isomerization reactor configured to isomerize a first
batch of an olefin having a first carbonnumber to form
a first isomerization reactor effluent and
subsequently process a second batch of 



an olefin having a second carbon number to form a
second isomerization reactor effluent, a metathesis
reactor positioned downstream from the first
isomerization reactor, the metathesis reactor being
configured to disproportionate the first isomerization
reactor effluent to form a metathesis reaction
product, a first fractionator positioned downstream
from the isomerization reactor and being configured to
separately fractionate the first and second
isomerization reactor effluents, a second fractionator
positioned downstream from the metathesis reactor to
remove light hydrocarbons from the metathesis reaction
product, a storage tank disposed downstream from the
first or second fractionator, and a storage tank
outlet line connecting the storage tank to an inlet of
the first isomerization reactor and/or to the inlet of
the metathesis reactor. Brief Description of the
Drawings Fig. 1 is a schematic drawing showing three
sections of the system described herein. Fig. 2 is a
process flow diagram showing a first embodiment. Fig.
3 is a process flow diagram showing a second
embodiment. Fig. 4 is a process flow diagram showing
the first fractionator with a closed loop heat pump
system capable of operating with both the first
isomerization effluent and the second isomerization
effluent in the process of Fig. 3. Fig. 5 is a graph
showing the temperature profile of a C4 fractionator
according to the embodiment of Example 3. Fig. 6 is a
graph showing the temperature profile of a
depentanizer according to the embodiment of Example 3.
Fig. 7 is a graph showing the temperature profile of a
first C6 fractionator according to the embodiment of
Example 3. Fig. 8 is a graph showing the temperature
profile of a second C6 fractionator according to the
embodiment of Example 3. Detailed Description The
embodiments described herein employ a process operated
in a campaign or sequential processing mode with a
single isomerization reactor, a single
superfractionator following the isomerization, and one
or more metathesis reactors with subsequent
fractionation to obtain intermediate olefins streams,
and to obtain a desired olefin product or products.
The separation of closely boiling double bond isomers
of any single carbon number requires significant
energy and equipment. By using a single
superfractionator ( or set of 2 superfractionators) to
separate isomers having a first carbon number in a
first separation process and to then subsequently use
the same superfractionator (or set of
superfractionators) to separate isomers having a
second carbon number in a second separation process,
certain efficiencies can be realized. Similarly, by
using a single isomerization reactor to isomerize
acompound having a first carbon number in a first
isomerization process and a compound having a second
carbon number in a second isomerization process,
processing advantages will be achieved. The process
can be used with feed streams having carbon chains
with a variety of carbon numbers to produce product
streams having desired carbon numbers. The process is
particularly useful for producing alpha olefins. Fig.
1 illustrates a system that includes an isomerization
and fractionation section 2, a metathesis and
fractionation section 3 and a storage section 4. While
the descriptions of Figs. 1- 8 refers to C4 and C6
hydrocarbons, hydrocarbons with other carbon numbers
also can be processed in the systems that are
described. A fractionator / isomerization reactor
combination, designated as 2 and termed the
"superfractionator system", first operates in C4
service. Mixed C4 S are introduced at 1 and are
isomerized and then fractionated at 2 to form a
butene-1 isomerization product. The butene-1
isomerization product is fed continuously at 5 to the
metathesis and fractionation section 3 in which
metathesis takes place. The metathesis reactor
effluent is fractionated to form light products
including ethylene and a hexene-3 product which is fed
at 6 to a storage tank at 4. When sufficient hexene-3
has accumulated in the storage tank, the isomerization
and fractionation section 2 is prepared for alternate
service. The hexene-3 from the tank is then sent at 7
to the isomerization and fractionation section 2
system now in C6 service, where the hexene-3 is
isomerized and fractionated to form the hexene-1
product, which is removed at 8. In another
configuration, the mixed C4's are processed in the
isomerization and fractionation system 2 to form
butene-1. The butene-1 stream is sent at 9 to the
storage section 4. When sufficient butene-1 has
accumulated, the isomerization and fractionation
system 2 is prepared for alternate service. A portion
of the butene-1 optionally can be removed as a product
and the remaining portion is fed at 10 to the
metathesis and fractionation section 3 . The
metathesis reactor effluent is fractionated to produce
light products including ethylene and a hexene-3
stream. The hexene-3 stream is then sent at 11 to the
isomerization and fractionation section 2 where the
hexene-3 is isomerized and the mixed hexene stream
fractionated to form hexene-1 product, which is
removed at 8 . In all embodiments, all or part of the
internal olefin stream from the bottom of the
superfractionator separation may be recycled to the
isomerization reactor to produce more butene-1 or
hexene-1 . In a larger scale conventional, continuous
autometathesis process, separate C4 and C6 systems are
employed, allowing heat integration between the
systems to reduce utilities. For the campaign
operation systems described herein, an alternate means
of reducing utility costs is used to achieve savings.
More specifically, in certain embodiments, a heat pump
is included in a campaign system designed to produce
olefins such as polymer-grade hexene-1. The heat pump
provides a heat-integrated fractionator, whereby the
tower's condenser and reboiler share a common heat
transfer fluid. An open-loop heat pump uses the tower
overhead stream as theheat transfer fluid. A
closed-loop heat pump uses an alternate fluid. The
alternate fluid is chosen 



based upon the specific thermodynamic properties to
allow for condensing and reboiling duties to be
achieved within reasonable pressures such that
compression duties are minimized. For systems
operating in campaign mode, the choice of alternate
fluid is especially advantageous since it must operate
to achieve condensing and reboiling duties in the
fractionation of two different carbon numbers.
Referring to Fig. 2, a process flow diagram for a
campaign process for sequentially producing butene-1
and hexene-1 is shown. The overall process is
designated as 12. One portion of the equipment is used
in C4 service only, a second portion of equipment is
used in C6 service only, and a third set of equipment
is shared between both services. The butene separation
system consists of two towers operated with different
pressures to allow for energy interchange between them
to reduce overall utilities. Tower 14 is considered
tower 1 and tower 24 is considered tower 2. Tower 1
operates at a higher pressure than tower 2. This
allows the temperature of tower 1 overhead condenser
29 to be at a higher temperature than tower 2
reboiler. Since heat is removed in the condenser 29
and supplied to a reboiler 86, these can be exchanged
without separate external heat being required. The key
to this system is to balance the duties to allow them
to be matched. This matching is conventionally done by
bypassing a side draw from one tower to the other.
Optimally however this is done by splitting the main
feed to the tower with the proportion to each tower
adjusted such that the exchanger duties can be
matched. The main feed from the isomerization section
47 is split into line 19 to tower 1 and 27 to tower 2
. A C4 raffinate in feed line 13, which contains
butene-1 and butene-2, and usually also contains other
C4 hydrocarbons, enters the lower end of fractionator
24 in which butene-1 and butene-2 are separated. The
bottoms line 15 from fractionator 24, which primarily
contains butene-2, combines with line 25 (line 32 is
not used in the C4 processing phase) to form line 34,
which enters the isomerization reactor loop, described
below. The effluent of this loop in line 47 is split
into line 19, which enters the middle of a
fractionator 14, and line 27, which enters the middle
of fractionator 24. In fractionator 14 an overhead
product of butene-1 is taken in overhead line 16. The
material in line 16 is condensed in a condenser 17,
separated into a reflux line 29 for the fractionator
14 and a feed line 3 1 for the fractionator 13, in
which further separation of butene- 1 and butene-2
takes place. Fractionator bottoms line 25 is removed
from the bottom of the fractionator 14 and combined
with line 15 as indicated above. ,A fractionator
reboiler line 20 removes material at the bottom of the
fractionator 14. A purge line 18 is taken off the
fractionator reboiler line 20 to prevent buildup of
any heavy hydrocarbons in the tower bottoms. The
remainder of the fractionator bottoms in line 2 1 are
reboiled in reboiler 23 and returned to fractionator
14 where they undergo separation.Feed line 3 1 enters
the fractionator 13 above the point of entry of feed
line 27. Butene-1 is removed from the top of
fractionator 13 in line 33 and butene-2 is removed
from the bottom of fractionator 13 in line 37. The top
line 33 is condensed in a condenser 39 and is divided
into a reflux line 35 and line 48. In the
isomerization loop, the material in isomerization line
34 is vaporized in heat exchanger 36 and heated in
heat exchanger 38 and then fed to a furnace 40.
Vaporized line 42 from the furnace 40 is fed to an
isomerization reactor 44 in which some of the butene-2
is isomerized to form butene-1. The C4 effluent from
the reactor 44 leaves at butene-1 / butene-2
equilibrium. The reactor temperature defines the
equilibrium and thus controls the composition. The
reactor effluent line 47 is cooled in heat exchanger
38 and sent to the fractionator 14. It is apparent to
one skilled in the art that if the C4 feed line 13
contains butene-1 above the equilibrium level set by
the isomerization reactor conditions, the feed line
would be first sent to the tower 14 and the butene-1
content recovered overhead with the butene-2 being fed
to the isomerization reactor 44. Alternately if the
composition of C4 feed line 13 had little or no 1
butene, it could first be fed directly to the
isomerization system. Downstream from fractionator 24,
the contents of line 48 are either sent to tank 4 1,
or to another storage tank, where they are collected
until ready for metathesis, or they are sent directly
to the metathesis section for further processing, in
which case tank 4 1 is not required. In Fig. 2, line
48 is shown as providing for flow both into and out of
the storage tank 4 1. When metathesis is to take
place, line 48 is combined with a recycle line 56
containing C4/C5 to form an autometathesis feed line
58, which is fed to an autometathesis reactor 52.
Before metathesis, line 58 is vaporized in a heat
exchanger 60, further heated in a heat exchanger 62,
and then heated to reaction temperature in an
autometathesis furnace 64. The contents of line 58 are
then fed to the autometathesis reactor 52.
Autometathesis is an equilibrium reaction in which
hexene- 3 is produced. Small amounts of side products
propylene, pentene-2, 2-methyl-pentene-2, and some C7s
also are produced. In addition, a small amount of
reverse isomerization of butene-1 to butene-2 occurs.
Of these side products only 2-methyl-pentene-2, formed
from the reaction of butene-1 with isobutylene,
unfavorably affects the hexene-1 product purity
because it boils lower than hexene-1 and is thus
carried out with the overhead product of the final C6
separation. Thus, the isobutylene content in the C4
raffinate feed is required to be minimized to a level
consistent with the desired hexene-1 specification.
The autometathesis effluent in line 65 is a mixture of
C2S through C7S. The contents of line 65 are cooled in
heat exchanger 62 to form a depentenizer feed line,
which is sent to a fractionator 70 (operating here as
a depentenizer). A C2/C3 overhead line 7 1 is removed
from the fractionator 70. The overhead line 7 1 is
condensed in a condenser 74 and divided into a reflux
line 73 and a feed line 75 for a fractionator 77,
which is operated here as a depropylenizer. The
bottoms line 83 of fractionator 70 is sent to a C6
storage tank 84 where it is held until the 



fractionation and isomerization equipment is ready for
C6 processing, or, if the equipment isready, the
bottoms line 83 proceeds directly to the fractionation
and isomerization section as line 32 and tank 84 is
not required. It is noted that one of the
fractionators 13 and 14 can be run as the depentenizer
70 if the C4 is stored at an appropriate time to allow
for reconfiguration of the fractionator. Alternately
fractionator 70 can be configured through piping to
add additional fractionation stages to fractionators
14 and 24 thus providing additional flexibility for
processing and capital and energy savings by allowing
fractionators 14 and 24 to be slightly smaller. The
top line 79 from the fractionator 77 is divided into a
C2/C3 line 80, which is sent to a steam cracker
separation system, for example, and a reflux line 8 1.
Line 82 is a side draw product line that is optionally
installed to allow for recovery of a higher purity 1
butene stream from the unreacted 1 butene. A side draw
85 is removed and passed through a cooler to partially
condense the vapor stream in the tower at that point
when it is reintroduced. By cooling at a temperature
consistent with cooling water at this point, the
refrigeration commonly used in the overhead condenser
can be reduced. The bottoms line 56 from the
fractionator 77 contains C4 and C5 compounds and is
combined with line 48 to form the metathesis feed
stream. Either before metathesis (but after C4
isomerization and fractionation) or after production
of a sufficient amount of hexene-3, the isomerization
reactor 44 and fractionators 24 and 14 are prepared
for C6 service. The autometathesis reactor is not used
in the second campaign if it was used in the first
step to produce 3-hexene. The hexene-3 is fed from
storage tank 84 in line 32. Line 32 becomes
isomerization feed line 34. Line 34 is vaporized in
heat exchanger 36, heated in heat exchanger 38,
further heated in furnace 40, and fed as line 42 first
to the isomerization reactor 44. The reactor effluent
in line 47 is sent to the fractionators 13 and 14. The
isomerization reactor 44, fractionator 24 and
fractionator 14 are now operating in C6 service. In C6
service, the fractionator 14 bottoms line 20 of C7 +
is partially purged from the system in line 18, and
the remainder is reboiled in reboiler 23 and returned
to the fractionator as line 2 1. A side draw 25 of
hexene-2 and hexene-3 is taken from a lower stage of
the fractionator 14 (with the top defined as stage 1),
combined with bottoms line 15 from fractionator 24,
partially purged in line 28, and partially recycled to
the isomerization reactor 44 in line 30. Line 30
combines with fresh hexene-3 feed 32 from the C6
storage tank 84 to form isomerization reactor feed 34
(now operating in C6 service). The overhead line 16
from fractionator 14 is divided into a reflux line 29
and a feed line 3 1 for the fractionator 24. In the
fractionator 24, hexene-1 is taken as overhead product
in line 33. Line 33 is divided into reflux line 35 and
line 48. Line 48 contains the hexene-1 product and is
sent to tank 4 1. It is noted that the metathesis
reactor is not involved in the processing of the C6
line. As indicated above, the shared equipment from
the batch process flowsheet is designed for operation
in both C4 and C6 service. Depending on the type of
equipment, this can be handled in different ways. Heat
exchangers, for example, may have varying temperature
approaches, but the heat exchanger surface area may be
adjusted by using multiple shells. Reactor capacity
can be addressed by using multiple reactors. Because
the fractionator towers cannot be handled inthe same
way as the heat exchangers or reactors, their design
is chosen to remain fixed between services. In order
to use the same tower or towers as both the C4 and C6
fractionator, and if the second tower is used as both
the depentanizer and as part of a C6 fractionator, the
tower sizing must be identical for the chosen flow
rates. Because campaign operation allows for
independent variation of the flow rates between C4 and
C6 service, operating time can be used as a variable
to adjust the flow rates such that a net yearly
production of, e.g., 5 KTA hexene-1 is achieved. Using
this approach, in one embodiment the C4 process is
operated for 2,000 hours and then the C6 process is
operated for 5,333 hours. Overall, the shared use of
the fractionator and isomerization system components
in the batch process eliminates 35 of the 64 pieces of
equipment from the continuous hexene-1 process. The
continuous process has 2 complete superfractionator /
isomerization reactor systems compared to just one for
the campaign operation. The estimated reduction in
total installed capital cost is about 35-45%. This
makes campaign operation especially suited for smaller
capacity installations. An example of a process using
the configuration of Fig. 1 is provided below as
Example 1. Referring to Fig. 3, a process flow diagram
for another campaign process for sequentially
producing butene-1 and hexene-1 is shown. The overall
process is designated as 110. One portion of the
equipment is used in C4 service only, a second portion
of equipment is used in C6 service only, and a third
set of equipment is shared between both services. A C4
raffinate in feed line 112, which contains butene-1
and butene-2, and usually also contains other C4
hydrocarbons, combines with the contents of line 134
and enters the isomerization reactor loop. The
effluent of this loop in line 147 enters the middle of
a fractionator 114. In fractionator 114 an overhead
product of butene-1 is taken in overhead line 116. The
contents of line 116 are condensed in a condenser 117.
Fractionator bottoms in line 122 are removed from the
bottom of the fractionator 114, partially purged in a
purge line 128, and the remaining material in line 130
is combined with the contents of C4 feed line 112
(line 132 is not in use during the C4 phase) to form
isomerization feed line 134. Purge line 128 is
provided to remove any n-butanes in the C4 feed 112
that would accumulate in the system. A fractionator
reboiler line 120 removes material at the bottom of
the fractionator 114. A purge line 118 is taken off
the fractionator reboiler line 120 to prevent buildup
of any heavy hydrocarbons in the tower bottoms. The
remainder of the fractionator bottoms in line 121 is
reboiled in reboiler 123 and returned to fractionator
114 where it undergoes separation. 



The contents of isomerization line 134 are vaporized
in heat exchanger 136 and heated in heat exchanger 138
and then fed to a furnace 140. Vaporized material in
line 142 from the furnace 140 is fed to an
isomerization reactor 144, which in one embodiment is
an equilibrium reactor operating at 343 C and 2978
kPa. The C4 effluent from the reactor in this
embodimentleaves at butene-1 / butene-2 equilibrium
with an approximate butene-1 concentration of 21%. The
reactor effluent in line 147 is cooled in heat
exchanger 138 and sent to the fractionator 114. The
ratio of recycle to fresh feed in the fractionator is
typically 2.4 to 1. It is apparent to those skilled in
the art that if the C4 feed in line 112 contains
butene-1 above the equilibrium level set by the
isomerization reactor conditions, the feed stream
would be first sent to the tower 114 and the butene-1
content recovered overhead with the butene-2 being fed
to the isomerization reactor 144. The butene-1 product
from the fractionator 114 in overhead line 116 is
divided into a reflux stream in line 119 and
intermediate product in line 148. The material in line
148 is sent into line 150 (line 154 is used for C6
processing). The butene-1 in line 150 is combined with
a recycle line 156 containing C4/C5 to form an
autometathesis feed line 158, which is fed to an
autometathesis reactor 152. The material in line 158
is vaporized in a heat exchanger 160, further heated
in a heat exchanger 162, and then heated to reaction
temperature in an autometathesis furnace 164.
Vaporized material in line 159 is then fed to the
autometathesis reactor 152. Autometathesis is an
equilibrium reaction The autometathesis effluent in
line 166 is a mixture of C2S through C7S. The material
in line 166 is cooled in heat exchanger 162 to form a
(depentenizer) feed line. The contents of line 170 are
sent to a fractionator 168 (operating here as a
depentenizer), which in one embodiment operates at
1200 kPa with 30 theoretical stages and a reflux ratio
of 1.0. The temperature in the fractionator 168
typically is in the range of 60-100 0C. A C2/C3
overhead line 171 is removed from the fractionator
168. Overhead line 171 is split into line 172 and line
173. The contents of overhead line 172 are cooled in
heat exchanger 174 and sent to a flash drum 176. The
light fraction from the flash drum comprising ethylene
and propylene are purged in line 178 and can be
recycled to the ethylene/propylene recovery section of
an ethylene cracker. The C4S-C5Sfrom the bottoms of
the flash drum in line 156 still contain a significant
amount of butene-1 and are recycled in line 156, which
is combined with line 150 to form line 158, the feed
line for the autometathesis reactor. The material in
overhead line 173, when operating in C4 mode, is
condensed in a condenser 174 to form reflux for tower
168. The fractionator bottoms line 180, separated to
98 mol% hexene-3, is divided into a hexene-3 line 182,
a reboiler line 183, and a C6 recycle line 188. In C4
operating mode, the hexene-3 in line 182 fills a C6
storage tank 184 and is used as the feed for the
second phase of the campaign operation. After
production of a sufficient amount of hexene-3, the
system is shut down and prepared for operation in C6
service. The isomerization reactor 144, tower 114 and
tower 168 are prepared for C6 service. The
autometathesis reactor is not used in the second
campaign. The hexene-3 is fed from storage tank 184 in
line 132. Line 132 becomes isomerization feed line
134. Material in line 134 is vaporized in heat
exchanger 136 and heated in heat exchanger 138, then
further heated in furnace 140, and fed as line 142
first to the isomerization reactor 144. In
theisomerization reactor 144, approximately 8.9%
conversion to hexene-1 occurs. The reactor effluent in
line 147 is sent to the fractionator 114. Both the
isomerization reactor 144 and fractionator 114 are now
operating in C6 service. To make the campaign system
work, the fractionation and isomerization equipment
must be identical for C4 and C6 processing. The
separation of the hexene-1 from the mixed hexene
stream requires more fractionation than the separation
of butene-1 from the butene-1 / butene-2 stream in C4
operation. One option is to design a tower oversized
for C4 operation but that will be appropriate for C6
service. Another option is to use tower 168 to provide
the additional fractionation capacity for C6 operation
since the autometathesis reactor is not used in C6
operation. In this embodiment, tower 168 is used as
the top portion of the C6 fractionation receiving the
overhead from tower 114. The fractionator 114 bottoms
stream of C7 + in line 118 is purged from the system.
A side draw 122 of hexene-2 and hexene-3 is taken from
a low stage of the fractionator 114 (with the top
defined as stage 1) and recycled to the isomerization
reactor 144 via lines 126 and 130. It is mixed with
fresh hexene-3 feed 132 from the C6 storage tank 184
to form isomerization reactor feed 134' (now operating
in C6 service). Purge line 128 is not in service. The
overhead line 116 is separated to a desired ratio of
hexene-1 and most of it is sent in line 148 to line
154 and then line 170 to fractionator 168 (formerly
functioning as a depentenizer for C4 service). It is
noted that the metathesis reactor is not involved in
the processing of the C6 line. In the fractionator
168, comonomer grade hexene-1 (98.5 mol%) is taken as
overhead product in line 171. There is no flow through
line 172 and separator 176 is not in C6 service. The
hexene-1 product is removed in line 173, and a reflux
line 175 returns to the tower with the hexene-1
product being removed in line 181. The bottoms
hexene-2 and hexene-3 from tower 168 are recycled to
the isomerization section in line 188. The contents of
bottoms line 188 is mixed with the other hexene-2 /
hexene-3 recycle in line 122 from tower 114 to form
line 126. The fractionator 168 operates at an overhead
pressure of 50 kPa. Temperature profiles for the C6
fractionation in fractionator 114 and fractionator 168
are shown in Figs. 5 and 6, respectively. As indicated
above, the shared equipment from the batch process
flowsheet is designed for operation in both C4 and C6
service. Depending on the type of equipment, this can
be handled in different ways. Heat exchangers, for
example, may have varying temperature approaches, but
the heat exchanger surface area may be adjusted by
using multiple shells. Reactors can be 



addressed by using multiple reactors. Because the
fractionator towers cannot be handled in the same way
as the heat exchangers or reactors, their design is
chosen to remain fixed between services. In order to
use the same tower as both the C4 and C6 fractionator
and to use the second tower as both the depentanizer
and the C6 fractionator, the tower sizing must be
identical for the chosen flow rates. Because campaign
operation allows for independent variation of the flow
rates between C4 and C6 service, operating time can be
used as a variable to adjust the flowrates such that a
net yearly production of, e.g., 5 KTA hexene-1 is
achieved. Using this approach, in one embodiment the
C4 process is operated for 2,000 hours to produce
2,696 kg/h hexene-3. 500 hours of downtime is provided
to empty the fractionators and reactors in preparation
for the C6 run. Then, the C6 process is operated for
5,333 hours, feeding 1,010 kg/h hexene-3 to produce
937 kg/h hexene-1 . An additional 500 hours is allowed
for the transition back to C4 service. Operation at
these flow rates yields the same tower diameter after
choosing 100 theoretical stages for the C C6
fractionator, and likewise for 30 stages in the
depentanizer/C 6 fractionator. An example of a process
using the configuration of Fig. 2 is provided below as
Example 2. Overall, the shared use of the fractionator
and isomerization system components in the batch
process eliminates 35 of the 64 pieces of equipment
from the continuous hexene-1 process. The continuous
process has 2 complete superfractionator /
isomerization reactor systems compared to just one for
the campaign operation. The estimated reduction in
total installed capital cost is about 35-45%. This
makes campaign operation especially suited for smaller
capacity installations. Referring now to Fig. 4, an
embodiment is shown in which a closed-loop heat pump
is used to even further improve the efficiency of the
campaign process depicted in Fig. 3. The overall
system is designated as 200. This system uses changes
in pressure to adjust the boiling point of a heat
transfer fluid within the temperature ranges of a
fractionator's reboiler and condenser so that the
fluid can be alternately condensed and vaporized,
respectively, thus providing heat integration in place
of conventional utilities such as refrigeration for
condensing or steam for reboiler. The heat pump is
associated with the fractionator 214. (A top line 216
and a bottoms line 220 are removed from the
fractionator 214). The fluid begins the cycle as a
vapor in vapor line 202. Vapor line 202 is compressed
in a compressor 204 to a pressure where the
temperature at which the vapor condenses is above the
temperature of the reboiler 206. Compressed line 202
is divided into line 208 and line 210 and the two
lines are recombined as line 212. Line 210 is cooled
in a heat exchanger 213. The use of cooling water
exchanger 213 allows for control of the duty in
reboiler 206 by controlling the temperature and/or
flow of the hot higher pressure vapor. In some cases
the contents of line 210 are condensed in exchanger
213 and a 2 phase mixture fed to reboiler 206. This
effectively limits the amount of heat transfer fluid
that is condensed in the reboiler and thus the heat
transferred to the reboiler. Line 212 is condensed in
the reboiler 206. Controller 236 determines the split
between lines 208 and 210. Line 212 is now in liquid
phase. At this point in the cycle the hot duty
requirement of the reboiler is satisfied. The system
must now satisfy the lower temperature duty of the
tower condenser. Liquid in line 212 is let down in an
expansion, controlled by the overhead vapor from
expansion drum 122 to drop the boiling point below the
temperature of the fractionator condenser 224. This
reduces the temperature of the line as a portion of
212 is vaporized at the lower pressure. Line 212 is
then combined with(optional) line 215 as line 216.
Optionally, as described below, line 216 is cooled in
heat exchanger 218 using cooling water line 220. Vapor
is removed from drum 222 as line 228. Vapor is not
sent to the condenser 224. The liquid is removed from
drum 222 in line 226. Line 226 is then vaporized in
the condenser 224 and after vaporization is combined
with line 228 to form line 230. Line 230 passes
through a knockout drum 232. The vapor in drum 232 is
removed as line 202, which as mentioned above, is
returned back to the compressor 204. Any small amount
of liquid in drum 232 is removed in line 215, which is
combined with the effluent from the expander 240 to
form line 217. To settle any difference in condenser
and reboiler duty, an additional exchanger may be
required within the loop to add or remove heat as
necessary. In this particular campaign system, the
condenser duty is greater than that of the reboiler,
so heat exchanger 213 is placed at the compressor
discharge in parallel with the reboiler to remove the
difference in heat duty, allowing the heat pump fluid
to fully condense in the reboiler 206. Heat exchanger
213 is the exchanger to remove "extra" duty from the
loop based on the reboiler-condenser duty difference.
Conversely, if the reboiler duty were greater, a heat
exchanger 238 operated with steam instead of cooling
water would be placed at the outlet of the expander
240 to have more of the fluid as vapor to separator
222 and thus feed lower amount of liquid as line 226
to vaporize in the condenser. To avoid temperature
crosses in the reboiler and condenser, a temperature
difference of, e.g., 30C can be used between the
outlet temperatures of the process fluid, line 220 for
example, and the heat pump, line 212. The compressor
and expander discharge pressures can be considered
fixed, set by the requirement to bring the heat pump
fluid boiling point within the approach to the
reboiler and condenser temperatures, respectively.
Effectively, the work performed by the compressor is
that required to undo the work of the expander, so the
energy costs of the heat pump decrease as the
temperature spread across the tower becomes smaller.
With the pressures in each portion of the heat pump
cycle fixed and the condenser as the controlling duty,
the inlet temperature to the condenser can be
maximized in order to provide additional cooling
capacity. In this case the cooling water heat
exchanger 218 is used in the loop at the outlet of the
expander to cool the line before entering the
condenser 224. This is a lowcost method of reducing
the circulation rate through the higher-cost
compressor 204. 



The working fluid for the heat pump used in a campaign
mode of processing typically is a hydrocarbon or
mixture of hydrocarbons such that the boiling point of
that hydrocarbon or mixture falls between the boiling
point of the first carbon number and the second carbon
number. This differs from a conventional closed loop
heat pump system that is operating on a single carbon
number. There, the working fluid is selected based
upon a single carbon number and typically has
properties close to the hydrocarbon being separated.
In one particular closed-loop system for campaign mode
operation, n-butane is used as the circulating fluid
and the heat pump is applied to one or both of the
fractionators in the isomerization section operating
in either C4 or C6 service. N-butane boils between the
1-butene overhead in one mode and the 3-hexene
reboiler in the C6service mode. Note also it is
possible to use a mixture of fluids as the heat
transfer fluid. In that case it is possible to adjust
the composition to optimize the thermodynamic
properties of the fluid mixture. The energy
requirement of the heat pump is that to run the
compressor, significantly less than the stand-alone
tower due to the integration of reboiler and condenser
heat duties. A closed loop applied to both towers
would integrate both reboilers in series within the
loop, then both condensers in series, adjusting the
compressor and expander discharge pressures
accordingly. Variations in process parameters
equipment sizing, etc. will depend upon the desired
butene-1 purity. Very high purity butene-1 generally
is not required to produce hexene-3 by autometathesis.
The fractionation tower could be designed to produce
for example 95% butene- 1, with one part of the
product going to autometathesis for lights, recycle
and hexene-3, and another part going to a different
fractionator to produce high purity butene-1 (polymer
grade). In this case, both the depentanizer of the
main example and the additional butene-1 fractionation
could be used in campaign mode for hexene
purification. It is noted that feed to autometathesis
could.be a tower side draw where overhead is the high
purity butene-1 . A number of other methods of
isomerization and metathesis can be applied and still
maintain the important feature of the campaign
process, which is shared equipment between C4 and C6
service. Further, additional processing steps and/or
alternate feedstocks can be used. One non-limiting
example of an alternative process would be to employ
an additional metathesis reaction step involving the
reaction of ethylene with butenes (ethenolysis).
Depending upon the feed quality to the autometathesis
step (the butene-2 content) some propylene and
pentene-2 will be formed. A second autometathesis step
involving the reaction between butene-1 and pentene- 2
to yield propylene and hexene-3 could be included.
This additional autometathesis step would, for
example, involve line 75 or 82 of Fig. 2. Pentene-2
produced in reactor 52 can be sent to a second
autometathesis reactor to make more hexene-3. A
further example would be to incorporate the process of
US Patent No. 4,709,1 15 (Jung et al, November 1987),
where the metathesis step occurs in a catalytic
distillation tower. In the campaign system, this
variation would manifest itself as a catalytic
depentanizer in C4 service, with the catalyst replaced
by inert beads to operate as C6 fractionator in C6
service. The campaign processing scheme described
herein also can be integrated with other processing
units. For example, the campaign process can be
integrated with a continuous conventional metathesis
unit for producing propylene from the reaction of
ethylene and butene-2. The conventional metathesis
process typically feeds ethylene and a mixed C4
raffinate stream containing butene-2, which can be the
same C4 feed raffinate stream as that used for the
process in Figure 1, to a metathesis reactor. Ethylene
and propylene produced in the autometathesis step of
the campaign operation is then sent to the
fractionation system of the conventional metathesis
unit. This effectively provides feed ethylene to the
conventional metathesis reaction and provides
propylene product. A recycle of C4 is taken from the
second separation step back to the reactor. To
integrate the campaign process in Figure 3, for
example, the purge streams 118, 126, and 178would be
recycled to an appropriate disposition in the
conventional metathesis process. Because this
integration can use the same C4 raffinate feed stream,
a number of options are afforded. One option is that
the total C4 raffinate can remain constant, thus
converting some propylene production in conventional
metathesis to hexene-1 production in the campaign
process. A second option is to maintain constant
propylene production from the conventional metathesis
process and "scale up" up the C4 raffinate flow rate
as required for butene-1 or hexene-1 production from
the campaign process. Any intermediate combination of
product flow rates from these options is also
possible. Two significant advantages exist in
integrating the campaign process with conventional
metathesis. First, all purge streams from the campaign
process which would otherwise be lost to the cracking
furnace or another low-value disposition can be
recovered in the conventional process. In particular,
the C2-C3 of stream 78 is ethylene that has been
upgraded from the C4 raffinate feed and greatly
reduces the fresh ethylene requirement to the
conventional metathesis unit. Second, it is possible
to make use of the autometathesis reactor of the
campaign process when it is idle in C6 service. If
additional C4 raffinate and ethylene are available,
they can be fed to the autometathesis reactor during
the C6 phase of the campaign process. Metathesis will
produce additional propylene with no change of
catalyst required. The additional propylene can be fed
to the separation equipment of the conventional
metathesis process and recovered. In this way, extra
propylene production for a portion of the operating
year is possible either to the limit of the separation
equipment overdesign in a retrofit case, or to a
desired amount in the case of a new integrated plant.
In a second integration example, a process for the
production of olefins from methanol (MTO) produces a
C4-C6 stream composed of linear olefins can be
incorporated upstream. Similarly, processes that
utilize ethylene oligomerization to produce linear
alpha olefins have alpha olefin streams in even carbon
numbers from C4 through C20+ can be incorporated. The
campaign processing scheme in combination with
metathesis can be used to adjust the carbon number
distribution and thus maximize product value dependent
upon market conditions. For 



example, a Ci0 alpha olefin can be isomerized to a
number of Cio internal olefins using the isomerization
step. The internal olefins can be then reacted with
ethylene in a metathesis step to produce a range of
lower carbon number alpha olefins. These can be
separated and processed in campaign mode or
alternately the isomerization/metathesis process used
for a C16 alpha olefin following operation with a Ci0
alpha olefin feed. The particular campaign system
described includes two fractionators. One is used as a
C4 and C6 fractionator and combined with the
isomerization reactor. The second is used as a
depentanizer and second C6 fractionator. In one
embodiment, the heat pump is placed on only the C4 C 6
fractionator, with the depentanizer/C 6 fractionator
using conventional utilities. Another embodiment
involves use of a heat pump on the depentanizer/C 6
fractionator. In a further configuration a single heat
pump loop passes through all fractionation towers. For
a campaignprocess, this type of loop would operate on
the C4 fractionator and depentanizer during C4
service, then on both C6 fractionators during C6
service, with possible sequences of reboilerreboiler-
condenser-condenser or
reboiler-condenser-reboiler-condenser within the loop.
Yet another configuration places one heat pump loop on
each tower. The embodiment of Figure 2 shows a
two-tower system for the fractionator following the
isomerization system. This embodiment also can include
the option of an integrated condenser/reboiler, with a
heat pump on the "outer" exchangers. In this
configuration, the tower pressures would be adjusted
such that, for example, the condenser of the C4
fractionator could be integrated with the reboiler of
the depentanizer. The heat pump is then placed across
the wider temperature range of the remaining
exchangers. The integrated condenser/reboiler is
possible with either the upstream or the downstream
tower operating as the higher pressure tower. In the
embodiments described above in detail, one suitable
circulating fluid to be used in the heat pump is
n-butane. This fluid is useful because its boiling
temperature is within range of the tower condenser and
reboiler at appreciable pressure. Alternative heat
pumps on this type of system can use a mixture of
hydrocarbons or other fluids. Mixtures are
particularly useful to extend the boiling range of the
heat pump fluid for towers with wide temperature
profiles, thus minimizing the difference between
compressor and expander discharge pressures. Heat pump
loops with a constant circulation rate between C4 and
C6 service are possible, with the compressor and/or
expander discharge pressures relaxed to allow the use
of some sensible heat when in the lower-duty service.
A heat pump loop with or without heat exchanger 118,
placed to provide additional cooling capacity at low
cost (cooling water), is also feasible. In lieu of
balancing the condenser and reboiler duties by
removing heat in heat exchanger 113, a steam exchanger
could be placed to add heat in the opposite portion of
the loop. The heat pump can be expanded to both
fractionators of the batch system. This would result
in heat integration of the condensers and reboilers of
the C4 fractionator and depentanizer, and the two C6
fractionators. There can be a single heat pump loop or
two separate loops having one heat pump on each tower.
One or more of the above variations may be used with
an open-loop heat pump. An open-loop heat pump uses
the tower overhead stream as the heat exchange fluid
against the bottoms stream. In another embodiment the
pressures of the two fractionators can be adjusted
such that, for example, the condenser of the C4
fractionator is heat-integrated with the reboiler of
the depentanizer. A heat pump can then be used on the
reboiler of the C4 fractionator and condenser of the
depentenizer. Some or all of the heat pump
configurations described above may be employed using a
mixture of fluids in the heat pump loop, which would
provide a broader region of vaporization/condensing
than a pure fluid. The required difference between
compressor andexpander discharge pressures, thus the
compressor energy consumption, would be decreased The
batch system also presents the possibility of
different fluids in the heat pump loop between C4 and
C6 service, or a different fluid for each loop if two
loops are used The following examples are included to
illustrate certain features of the disclosed
embodiments but are not intended to limit the scope of
the description Example 1 - Campaign Autometathesis
Process Employing High-Selectivity W03 Catalyst and an
Integrated Two Tower Fractionation System A
computerized simulation was conducted in which butene
isomepzation and autometathesis sections are operated
as one unit, temporarily storing n-C6 made in the
autometathesis section in a process having the
configuration shown in Fig 2 with storage tank 84
being used but not 4 1 This was followed by C6
isomerization operation utilizing the equipment used
in the butene isomerization section In this scheme,
the entire set of C6 isomerization equipment is
avoided to reduce capital cost. In this Example, 5 KTA
of polymer grade 1-hexene was produced in a campaign
process The butene feed used in shown in table 1 below
Table 1 - C4 Feed to Autometathesis Process In the
campaign operation simulation, C4 isomerization and
autometathesis sections were operated for 2000 hours
producing 3-hexene, which was temporarily stored in a
storage tank for further isomerization to 1-hexene
After producing the 3-hexene for 2000 hours, C4
isomerization and autometathesis operation were shut
down and the distillation towers and reactors were
emptied The C6 isomerization section was then operated
for 5333 hours producing 1-hexene from the stored
3-hexene, utilizing the same equipment used in C4
isomerization operation Eliminating the C6
isomerization equipment reduces capital cost The
particular hours of operations were chosen such that
the interchangeability of the equipment was possible
providing for a net yearly production of 5000 KTA of
1-hexene This process followed the same scheme as
would be used in a continuous 



autometathesis process The separation of 1-hexene from
its isomers was the critical separation In the
continuous process, a two-tower design is used for
this separation The same two-towerseparation system
was used in the batch process for separation of
1-hexene from other C6 compounds Since this equipment
was used in the butene isomepzation, the same
two-tower separation system applies to separation of
1-butene from 2-butene as well The raffinate Il feed
composition is given in Table 1 The 1-butene content
in the C feed is higher than the equilibrium butene
ratio at 650 F, the operating temperature of the C4
isomepzation reactor (feed B1/B2 = 2 8, equilibrium
B1/B2 at 650 F = 0 28) Hence the raffinate Il feed was
sent to the C4 separation tower system to separate
1-butene prior to entering the butene isomerization
reactor The bottom product from the C4 separation
contained mainly 2-butenes and n-butane This bottom
product stream was recycled to the isomerization
reactor to increase n-butene utilization A small purge
was removed from this recycle stream to control the
build-up of the inerts, n-butane and iso-butane The
isomerization reactor feed exchanged heat with the hot
reactor product The reactor feed was further heated to
the reaction temperature inside a fuelfired furnace
and entered the reactor The reactor was operated at
650 Deg F and 117 psia The catalyst was MgO tablets
Feed ratios and 2-butene conversion data for the
isomerization reactor are shown below on Table 2 The
reaction product was sent to the butene separation
system The C4 isomerization reactor and separation
tower were used during the C6 isomerization operation
as well The C4 separation system consisted of a two
tower system The condenser of one tower is used to
reboil the second tower The two towers are operated at
different pressures to allow for this exchange
Splitting the feed with a portion to each tower
reduces energy consumption while balancing the duties
for each tower The first fractionator had 80 stages
and second fractionator had 70 stages. The raffinate
Il feed entered second tower at stage 24 The butene
isomerization reactor product was split One portion
entered the first tower at stage 15 and other portion
entered the second tower at stage 48 The distillate
product from first tower, concentrated in 1-butene
entered the second tower at stage 30 By adjusting the
vapor feed split ratio and operating pressures of the
towers, energy exchange between the tower 1 condenser
and tower 2 re-boiler was made possible The final
distillate product was 90 mol% 1-butene, which was
sent to the autometathesis section for further
processing The 1-butene product stream contained
isobutane (5 1 wt%), n-butane (3 8 wt%), tr2-butene (1
2 wt%) and iso-butene (0 13 wt%) If required, monomer
grade 1-butene (99 wt%) could also be produced from
this separation system Details of the separation tower
are given in Table 5 below In the second processing
step but still operating in the C4 mode, 1-butene from
the butene isomerization / separation system was sent
to the autometathesis section to produce nhexenes In
this section, 1-butene feed was mixed with recycled
1-butene from the separators and exchanged heat with
the hot reactor product The reactor feed was further
heated to the reaction temperature inside a fuel-fired
furnace and entered the reactor The autometathesis
reactor operated at 600 F and 275 psia The catalyst
was WO3 on high-purity silica Inside thisreactor,
1-butene reacted with itself to produce ethylene and
3-hexene. Side reactions between 1- butene and
2-butenes producing propylene and 2-pentenes also
occurred. Moreover, isobutylene reacted with 1-butene
to produce ethylene and 2-methyl-2-pentene (i-C6
olefin, BP=67.3 deg C). The other possible isobutylene
reactions were determined to be insignificant. The
production of i- C6 olefin in the autometathesis
reactor is undesirable since it affects the purity of
1-hexene product. Hence the isobutylene content in the
raffinate Il feed was kept very low. A small amount of
C7 and C8 was also produced by other metathesis
reactions. Recycle, conversion, and reaction product
composition data are shown on Table 3. The
autometathesis reaction products were separated in the
depentenizer. The 3- hexene was recovered in the
depentenizer tower as bottom product and sent to the
storage tank for use in the C6 mode step of the
campaign process. The i-C6 olefins, C7 and C8 produced
inside the autometathesis reactor were also carried
along with the 3-hexene. The distillate from the
depentanizer was sent to the depropenizer for further
separation. The lighter components, ethylene and
propylene were recovered as distillate and sent to
product recovery in the ethylene plant. The
unconverted 1-butene was recovered as the bottom
product and recycled to the autometathesis reactor to
improve butene utilization. A side-draw stream was
purged from the depropylenizer to remove the inerts,
iso-butane and n-butane from the autometathesis
system. The details of the separation tower are shown
below. At the completion of the C4 isomerization and
autometathesis run, the process was shut down. The
reactors and distillation towers were emptied in
preparation for the C6 isomerization run. The C6
isomerization operation was then conducted as shown in
the process flow diagram. The hexene isomerization
section consisted of a hexene isomerization reactor
and hexene separation system, and the same equipment
as was used for C4 processing was employed. The
3-hexene from the storage tank was mixed with recycled
2-hexenes and 3- hexenes from the C6 separation system
and exchanged heat with the hot isomerization reactor
product. The isomerization reactor feed was further
heated to the reaction temperature inside a fuel-fired
furnace and entered the reactor. The reactor operated
at 650 F and 56 psia. The catalyst was MgO tablets.
The reactor product was an equilibrium mixture of
1-hexene, 2- hexenes and 3-hexenes including the
cis-trans isomers. This product mixture was separated
in the hexene separation system to produce polymer
grade 1-hexene as distillate product. (The twotower
separation system with energy integration was
explained previously.) The bottom product, 2-hexenes
and 3-hexenes were recycled to the isomerization
reactor. A small purge was taken from the separation
system to remove the heavy components from the C6
isomerization system. The details of the separation
tower are given below in Table 6. 



The 2-methyl-2-pentene from the autometathesis reactor
was also carried over to the hexene isomerization
section where the isomerization activity of the MgO
catalyst produced its isomers: 2-methyl-1-pentene,
4-methyl-1-pentene, 4-methyl-c/s-2-pentene and
4-methyl-frans-2-pentene. Since the boiling point of
all i-C6 except the 2-methyl-2-pentene are lower than
1- hexene, any i-C6 produced in the autometathesis
reactor ends up with the 1-hexene product. Table 2 -
Butene Isomerization Reactor The autometathesis
reactor performance was based on experimental data for
high selectivity WO3 catalyst. This information was
incorporated into the HYSYS simulation. The conversion
and selectivity were determined for the autometathesis
reactor feed given in Table 10. The autometathesis
selectivity for the main reaction (C2+C6) was 87.01 .
The selectivity for the side reactions (C3+C5) was
12.37. The selectivity for the isobutylene reaction
with 1-butene was 0.1 5. A small amount of C7 and C8
was also formed in the autometathesis reactor. Table 4
- Hexene Isomerization ReactorThe C6 isomerization
reactor performance was obtained from the correlation
of experimental data. This correlation was
incorporated into the HYSYS simulation. Table 5 -
Specifications of the Separation Columns in C4
Isomerization and AutometathesisTable 6 -
Specifications of the separation columns in C6
isomerization The material balance for the batch case,
producing 5 KTA of polymer grade 1-hexene is given
below. The material balance summary as well
compositions of key streams are given in the following
tables. Table 7 - Overall material balance for C4
Isomerization and Autometathesis (2000 hours
operation)Table 8 - Overall material balance for C6
Isomerization (5333 hours operation) Table 9 -
Material balance for the butene isomerization section
(2000 hours operation)A comparison of the overall
material balances for a continuous process at 50 KTA
using the same feed composition as the batch process
of this example shows that the major streamsscale down
linearly for the campaign case. Some minor difference
in the C2/C3 to cracker and depropenizer side-draw
were noticed, and arose from the operation of the
depropenizer tower. The energy balance for the
campaign case study, producing 5 KTA of polymer grade
1- hexene is provided below. The energy balance for
the butene isomerization section, autometathesis
section and hexane isomerization sections are shown.
In Table 12 there are shown two balances. The "Before
Exchange" tabulation lists the duties for each of the
tower reboilers or condensers in the C4 or C6 modes.
The "After Exchange" tabulation simply subtracts the
common duty from the "before Exchange" tabulation. For
example in the C4 lsom mode, Tower 1 condenser has a
duty of 6733 KW and the tower 2 reboiler has a duty of
6670 KW. Since these are exchanged against each other,
the after exchange duty is the difference (63 KW).
Table 12 - Energy balance summary for the campaign
processNote: 1. In Autometathesis, toweri is a
depropylenizer and tower 2 is a depentenizer. (i) * -
depropenizer condenser is - 5 deg refrigerant (ii) **
- depentenizer re-boiler is HPS. (iii) (c) 1000 KW CW
interchange on DEC3 to reduce the refrigerant duty. 2.
In C4 Isom, toweri is BS1 - higher pressure and tower
2 is BS2- lower pressure tower. 3. In C6 Isom, toweri
is HS1 - higher pressure and tower 2 is HS2- lower
pressure tower. 4 . The energy integration in
two-tower system was explained previously. a. exchange
between BS1/HS1 condenser and BS2/HS2 re-boiler in C
C6 isomerization system. This is the exchange for the
internal condenser/reboiler system of the two tower
split feed system The energy balance for the batch
process given in Table 12 above can be compared to the
energy balance for a continuous process using the same
equipment and feed composition, and is shown below on
Table 13. Table 13 - Energy balance summary for a
continuous processing autometathesis case before and
after energy exchangeNote: 1. In Automet, toweri is a
depropenizer DeC3)and tower 2 is a depentenizer
(DeC5). (i) * - depropenizer condenser is - 5 deg
refrigerant (ii) ** - DEC5 re-boiler is HPS. (iii) (c)
2500 KW CW interchange on DEC3 to reduce the
refrigerant duty. 2. In C6 Isom, toweri is HS1 -
higher pressure and tower 2 is HS2- lower pressure
tower. 3. The energy integration was explained in
table. 17. It is noted in table.22 as well. (a)
exchange between HS1 condenser and HS2 re-boiler in C6
isom system. (b) exchange between HS2 condenser in C6
isom and BS re-boiler in C Isom. It is noted that
energy integration reduced the total cooling water
requirement by 53% and LPS requirement by 56%.The
utility usage scales down linearly in the batch case
except for the cooling water and LPS. In the batch
operation, an energy efficient two-tower C6 separation
system is employed. However, the energy integration
between C6 isomerization and C4 isomerization towers
could not practiced due to the batch operation. This
increased the CW and LPS usage in the batch process.
It appears that the savings in capital cost more than
offset the increased utility cost. Details can be
found in the economic evaluation of the processes.
Example 2 - Campaign Autometathesis Process In the
previous Example, a campaign process to produce 5 KTA
of 1-hexene was discussed. In this process, the
improvements over Example 1 are: 1. In the C4
isomerization process, one distillation tower with 100
stages replaced two-tower system with total of 150
stages. 2. In the autometathesis section, the
depropylenizer tower was replaced by a gas-liquid
separator. 3. In the C6 isomerization process, one
distillation tower with 100 stages (same used in C4
isom) replaced two-tower system with total of 150
stages. The depentanizer tower acted as the second
distillation tower. Elimination of the two-tower
separation system impacted the energy usage in the
process. 



Since energy integration was not done, the utility
consumption increased. Furthermore, the elimination of
depropylenizer tower resulted in increased purge
flows. However, economic analysis showed that capital
cost savings more than offset the increased utility
cost. In this case study, 5 KTA of polymer grade
1-hexene was produced in an improved campaign process.
The butene feed used in this study is given in Table 1
above. The process flow scheme is shown in Fig. 3. The
raffinate Il feed was sent to the C4 separation tower
to separate 1-butene prior to the butene isomerization
reactor. A single-tower separation replaced the energy
integrated two-tower system in Fig. 2 in order to
eliminate one distillation tower and associated
equipment. In the autometathesis section, a gas-liquid
separator replaced the depropylenizer tower. The
depentenizer vapor distillate was cooled and sent to a
gas-liquid separator. The lighter components, ethylene
and propylene were recovered as vapor and sent to
product recovery in the ethylene plant. The
unconverted 1-butene was recovered in the liquid
product and recycled to the autometathesis reactor to
improve butene utilization. Most of the autometathesis
equipment was used only during autometathesis
operation, except for the depentanizer tower that was
used in C6 isomerization operation as well.At the
completion of C isomerization and autometathesis run,
the process was shut down. The reactors and
distillation towers were emptied in preparation for
the C6 isomerization run. The C6 isomerization
operation was conducted employing the same equipments
as shown in Fig. 3 . In the C6 isomerization section,
the feed mixture was separated using two distillation
towers as shown in the flow diagram. The first
distillation tower (butene splitter) produced 93%
hexene-1 distillate product. The bottom product,
2-hexenes and 3-hexenes were recycled to the
isomerization reactor. A small bottom purge was taken
from this distillation tower to remove the heavy
components, C7 and C8 from the C6 isomerization
system. The depentenizer acted as the second hexene
distillation tower that produced polymer grade
hexene-1 from 93% hexene-1 feed. The specification for
the depentenizer was 65 mol% 1-hexene in the bottom
product. This specification was relaxed so that
2&3-hexenes were carried to bottom product allowing
polymer grade 1-hexene to be made as the distillate
product. The flow rate of this product was low as
compared to the distillate product. The depentenizer
bottom was mixed with the other bottom product and
recycled to the C6 isomerization reactor. By employing
the depentenizer as the second hexene splitter, the
number of stages in the first hexene splitter was
reduced from 150 to 100. The details are given in
following tables. Table 14 - Butene Isomerization
ReactorTable 15 - Autometathesis Reactor The
autometathesis reactor performance was based on
experimental data for high selectivity WO3 catalyst.
This information was incorporated into the HYSYS
simulation. The conversion and selectivity were
determined for the autometathesis reactor feed given
in Table 2 1. The autometathesis selectivity for the
main reaction (C2+C6) was 85.7. The selectivity for
the side reactions (C3+C5) was 13.3. The selectivity
for the isobutylene reaction with 1-butene was 0.15. A
small amount of C7 and C8 were also formed in the
autometathesis reactor. Table 16 - Hexene
Isomerization ReactorTable 17 - Specifications of the
separation columns * Note: During the C6 Isomerization
batch operation, the depentenizer tower acts as the
second hexene splitter, allowing reduced number of
stages on the first separation tower. The material
balance for the batch case study, producing 5 KTA of
polymer grade 1- hexene is given below. The material
balance summary as well compositions of key streams
are given in the following tables.Table 18 - Overall
material balance for C4 Isomerization and
Autometathesis (2000 hours operation) Table 19 -
Overall material balance for C6 Isomerization (5333
hours operation)DIE STACKING WITH AN ANNULAR VIA
HAVING A RECESSED SOCKET RELATED APPLICATION This
patent application claims priority benefit from U.S.
Application No. 12/107,576 filed 22 April 2008 which
is incorporated herein by reference. TECHNICAL FIELD
Example embodiments relate generally to the technical
field of integrated circuit manufacture of electronic
devices and systems. BACKGROUND As the focus in
microelectronics is gradually changing to include more
emphasis on packaging, added values may be attained in
packages by using System-in-Packages (SiP) methods.
SiP methods may be considered as the leading viable
solution for the ongoing trend in function
integration. SiP methods include placing several dies
into one package, either side-by-side or on top of
each other. However, the miniaturization trend may,
more or less, reduce the use of dies side-by-side.
Therefore, additional approaches may enhance the trend
to minimize die real estate, while providing high
speed and reliable interfaces BRIEF DESCRIPTION OF THE
DRAWINGS Some embodiments are illustrated by way of
example and not limitation in the figures of the
accompanying drawings in which: FIG. 1 is a cross
sectional view illustrating an example embodiment of a
portion of a stack of dies connected by using annular
vias with recessed conductive sockets and conductive
pillars;FIG. 2 is a cross sectional view illustrating
an example embodiment of a portion of a bottom die
including an annular via with recessed conductive
socket; 



FIG. 3 is a cross sectional view illustrating an
example embodiment of a portion of a middle die
including an annular via with recessed conductive
socket and a conductive pillar; FIG. 4 is a cross
sectional view illustrating an example embodiment of
an in-process die after formation of an annular
opening; FIG.5 is a top view of the in-process die of
FIG. 4; FIG.6 is a cross sectional view of the
in-process die of FIG. 4 after formation of a
passivation layer over the sidewalls of the annular
opening; FIG. 7 is a cross sectional view of the
in-process die of FIG. 6 after formation of a
conductive via and the planar end portion; FIG. 8 is a
cross sectional view of the in-process die of FIG. 7
after formation of a recessed conductive socket; FIG.
9 is a cross sectional view of the in-process die of
FIG. 8 after formation of a cylindrical conductive
pillar over the planar end portion of the via; FIG. 10
is a high-level flow diagram illustrating, in an
example embodiment, a method for formation of the
annular via with recessed conductive socket; FIG. 11
is a high-level flow diagram illustrating, in an
example embodiment, a method for stacking dies using
annular vias with recessed conductive sockets and
conductive pillars; FIG. 12 is a flow diagram
illustrating, in an example embodiment, a method for
formation of the annular via with recessed conductive
socket; andFIG. 13 a cross sectional view illustrating
an example embodiment of a structure forming a portion
of a die including a via with a recessed conductive
socket and a cylindrical pillar. FIG. 14 is a block
diagram illustrating an example embodiment of a system
including electronic packages formed by the method of
FIG. 11. DETAILED DESCRIPTION Embodiments of example
structures and methods for die stacking by way of
annular via with recessed conductive socket and formed
conductive pillar will be described. In the following
description, for purposes of explanation, numerous
examples having example-specific details are set forth
to provide a thorough understanding of example
embodiments. It will be evident, however, to one
skilled in the art that the present examples may be
practiced without these example-specific details.
Example embodiments may include forming a conductive
annular TSV (in the art, TSV is an acronym for through
silicon via, hereinafter it is will be used to
represent through substrate via) configured to have a
recessed portion surrounded by inner walls of the
annular via on a bottom surface of a substrate. The
method may include forming a conductive layer to cover
and line the recessed portion of the annular via to
form a recessed conductive socket. The method may
further include forming a conductive cylindrical
pillar extending out of a planar end portion of the
annular via (e.g., on the top of a bond pad structure
on the front side of an adjacent stacked die) FIG. l
is a cross sectional view illustrating an example
embodiment of a portion of a stack 100 of dies
connected by using annular vias with recessed
conductive sockets and conductive pillars. The stack
100 may include a bottom die 110 including a
conductive recessed socket 115, one or more middle
dies 120 including a conductive recessed socket 115 as
well as a conductive pillar 125, and a top die 130
that includes a conductive pillar 125 formed on a bond
pad 135. The conductive pillar 125 and the conductive
recessed socket 115 may beconfigured to match in size
and be able to fit together to form a stable
conductive coupling between adjacent dies (e.g., the
bottom die 110 and the middle die 120, the middle dies
120 with each other, or the middle die 120 and the top
die 130). hi an example embodiment, the stack may
consist of the bottom die 110 and the top die 130. In
some example embodiments, the dies 110, 120, or 130
may include semiconductor wafers. The semiconductor
wafers may include, but not limited to, silicon. The
dies may also include electronic devices, e.g., DRAM,
SDRAM, PCRAM, Flash memory, imagers, etc. The
conductive pillar may be fabricated from copper and
the conductive recessed socket may be made from an
under bump material (UBM), e.g., a
Nickel/Palladium/Gold Alloy. Other conductive
materials may also be used for fabrication of either
of the conductive pillar or the conductive recessed
socket. The die stacking method presented in this
application provides a number of advantages over the
existing art. For example, the conductive recessed
socket 115 and the conductive pillar 125 may provide
an interlocking feature that may enhance alignment
stability as stacked dies are moved from the die
stacking process to subsequent processes (e.g.,
reflow, under-fill, etc.). Another advantage of the
method may include achieving near zero bond- line die
stacking made possible by the recessed socket 115 and
the conductive pillar 125. FIG. 2 is a cross-sectional
view illustrating an example embodiment of a portion
200 of a bottom die including an annular via with
recessed conductive 



socket 210. The portion 200 may be a part of the
bottom die 110 of FIG. 1. The portion 200 may include
a substrate 206 (e.g., a silicon wafer), a conductive
annular TSV 230, and a recessed conductive, e.g., UBM,
layer 210 forming an UBM socket. In example
embodiments, the portion 200 may also include a
backside passivation 204, and a bond pad 208. The UBM
socket may be formed by the inner walls of the annular
via on a bottom surface of the substrate 206. The
annular TSV 230 may include a planar end portion 235.
The annular TSV 230 and the planar end portion 235 may
include copper. The top surface of the substrate may
be an active surface (including integrated electronic
devices) of the bottom die 110.FIG. 3 is a
cross-sectional view illustrating an example
embodiment of a portion 300 of a middle die including
an annular via with recessed conductive socket 210 and
a conductive pillar 310. The portion 300 may be a part
of the middle die 120 of FIG. 1. The portion 300 may
include the substrate 206, the conductive annular TSV
230, the UBM socket, the backside passivation 204, and
the bond pad 208. In addition, the portion 300 may
include a conductive, e.g., copper cylindrical pillar
310 (hereinafter also referred to as conductive
pillar) formed over the planar end portion 235. In
example embodiments, the conductive pillar 310 may be
vertical with respect to a plane of the substrate. The
conductive pillar 310 may be sized to fit into the UBM
socket, therefore enabling conductive coupling between
the bottom die 110 and middle die 120 when stacked by
positioning the conductive pillar in the UBM socket.
In an example embodiment, the conductive pillar 310
may be aligned with the recessed conductive socket
210. FIG. 4 is a cross-sectional view illustrating an
example embodiment of an in-process die 400 after
formation of annular opening 420. In example
embodiments, an annular opening 420 may be formed by
removing (e.g., etching, using dry etch, wet etch,
etc.) the substrate material e.g., silicon, from a
ring shape area of the substrate. The ring shape area
may be patterned using (see a ring shape area 520 in
FIG. 5) a photo-resist layer 430 that was coated over
the top surface of the substrate 410 including the
bond pad layer 440. Lithography may be used to pattern
the photo resist with a ring shape opening. The photo
resist may serve as a temporary etch mask during the
TSV etch process. The bond pad layer 440 may have been
formed by plating a conductive material, e.g., copper,
on the substrate 410. The TSV etching of the substrate
may form the annular opening 420 with a typical depth
of approximately 50-150 microns. A top view of the
in-process die of FIG. 4 is depicted in FIG. 5, where
the photo-resist layer 430 covering the top surface of
the substrate 410 is shown. Also shown in FIG. 5 is
the ring shape area 520 clear of the photo-resist
layer 430. FIG.6 is a cross sectional view of the
in-process die of FIG. 4 after formation of a
passivation layer 610 over the sidewalls of the
annular opening420. According to example embodiments,
the passivation layer 610 may be formed by depositing
a passivation material, e.g., aluminum oxide, using,
for example, a pulse deposition layer (PDL) process,
over the surface of the annular opening (sidewalls and
the bottom area 620). In a next step, the passivation
layer 610 may be removed from all horizontal surfaces.
The removal of the passivation layer 610 from the
bottom area 620 and top surface may be performed by,
for example, a spacer etch, which may remove the
depositions, preferentially, from horizontal surfaces.
The annular opening may be filled with a conductive
material as shown in FIG. 7 to form a vertical portion
730 and a planar end portion 720. The sidewall
passivation layer 610 may prevent current leakage from
the metal via to the substrate 410 through the
sidewalls during operation of the constructed package
or device. In an example embodiment, the filling of
the annular opening may start with a deposition of a
thin seed layer of a conductive material, e.g.,
copper, that may facilitate the next step of forming
the metal via. The formation of the metal via may be
performed by depositing, e.g., electroplating, a
conductive material, e.g., copper, over a desired
area. The desired area may include the surface area of
the bond pad and the annular opening. The desired area
may be defined through a photolithographic patterning
process. The electroplated copper may form a solid
metal via. After the formation of the solid metal via,
the seed layer and a photo-resist layer 750 (deposited
in the photolithographic patterning process) may be
removed, e.g., stripped, from the surface of the
substrate. In an example embodiment, a barrier layer
may be deposited before formation of the seed layer.
The barrier layer may prevent the electroplated copper
from diffusing into the substrate. The barrier layer
may also be removed from areas not covered by the
electroplating process. FIG. 8 is a cross sectional
view of the in-process die of FIG. 7 after formation
of a recessed conductive socket 840. After formation
of the metal via on a top surface of the substrate, a
recessed conductive socket 840 is formed on the
backside surfacee. Achieving the recessed conductive
socket 840 may involve thinning of the substrate from
the back surface, opposite planar end portion 720,
using, for example, a backgrinding process. To protect
the substratefrom any damage during the backgrinding
process, a temporary carrier 810 (e.g., 



glass or silicon wafer) may be adhered to the top
surface of the substrate using an adhesive layer 820.
The backgrinding may leave the substrate 410 with a
thickness of typically 50-150 microns. The
backgrinding may continue until the substrate material
is substantially flush with a bottom portion of the
metal via. However, to form the recessed conductive
socket 840, some portions of the height of the annular
metal via, e.g., 10-15 microns, have to be exposed.
This may be achieved by selectively removing the
substrate material, e.g., using a global wet etch or
dry etch, to make the substrate material recess with
respect to the metal via and form an opening
surrounded by the inner side-walls of the annular
metal via. The next step before formation of the
recessed conductive socket may be forming a backside
passivation layer 830 over the entire recessed surface
except the area where the recessed conductive socket
is to be formed. This area is depicted by the numeral
reference 850, where the metal via needs to be exposed
(by removing the sidewall passivation of the annular
TSV) in order for the recessed conductive socket 840
to be in a conductive contact with the metal via. In
an example embodiment, the deposition of the backside
passivation layer 830 over the selected area may be
performed by using, for example, a photo-active
spin-on dielectric polymer layer that may be patterned
through a lithographic process. The formation of the
recessed conductive socket 840 may be performed by
selectively depositing a conductive material e.g., UBM
over the area not covered by the backside passivation
layer 830. The processed die, at this stage, may
include a TSV formed by the conductive metal via and
the UBM socket (i.e., the recessed conductive socket
840) and may be used as a bottom die. FIG. 9 is a
cross sectional view of the in-process die of FIG. 7
after formation of a cylindrical conductive pillar 920
extending out of the planar end portion of the via. A
middle die 120 as shown in FIG. 1 may include a
conductive pillar shown in FIG. 9 with reference
numeral 920. In an exampleembodiment, the formation of
the conductive pillar 920 may be achieved following
the formation of the metal via. The process of
formation of the conductive pillar 920 may start by
first depositing a thick mask layer 910 over the top
surface of the substrate including the planar end
portion of the annular via and then, selectively
removing the thick mask layer 910 from an area over
which the conductive pillar 920 is to be formed. The
thickness of the mask layer 910 may be equal to a
height of the conductive pillar 920. The height of the
conductive pillar 920 may be selected such that the
conductive pillar may fit into the UBM socket 840. In
an example embodiment, the conductive pillar 920 may
be aligned with the metal via After selectively
removing the mask layer 910 from the area considered
for formation of the conductive pillar 920 (e.g., an
area smaller than the area of the center portion
inside the annular via), the conductive pillar 920 may
be formed by selectively depositing, e.g.,
electroplating, a conductive layer (e.g., copper,
solder material, etc.) inside a hole formed by
selectively removing the mask layer 910. hi a next
step, the mask layer 910 may be selectively removed to
expose the conductive pillar 920. Forming a middle die
from the in-process die of FIG. 9 may require the
processes articulated under the discussion of FIG. 8.
FIG. 10 is a high-level flow diagram illustrating, in
an example embodiment, a method 1000 for formation of
the annular via with recessed conductive socket. The
method 1000 starts at operation 1010, where a
conductive annular via configured to form a recessed
portion surrounded by inner walls of the annular via
730 may be formed on a bottom surface of a substrate
410. The method may also include forming, at operation
1020, a conductive layer to cover the recessed portion
to configure a recessed conductive socket 840, as
shown in FIG. 8. FIG. 11 is a high-level flow diagram
illustrating, in an example embodiment, a method 1100
for stacking dies using annular vias with recessed
conductive sockets and conductive pillars. The method
1100 may start at operation 1102, where a first die
110 (see FIG. 1) may be configured. The configuration
may include forming structural components that
includes: A.Forming an annular through substrate via
(TSV) including forming a planar end portion 235
covering a portion of a first surface of a substrate
206, wherein portions of the annular TSV are extended
from a second surface of the substrate 206; B. Forming
a nonconductive layer (e.g., backside passivation
layer 204) to cover portions of the second surface of
the substrate surrounding the annular TSV and to leave
a recessed portion inside the annular TSV; and C.
Depositing an under bump layer 210 over the recessed
portion to configure a UBM socket on a bottom surface
of the first die 110, wherein the bottom surface of
the first die 110 is the same as the second surface of
the substrate 206. At operation 1104, a second die,
e.g., the middle die 120 of FIG. 1, may be configured.
The configuration of the second die may include
forming substantially the same structural components
as discussed above with respect to 



the first die except for further disposing a
conductive cylindrical pillar 310 on a top surface of
the second die, extending out of the planar end potion
235. In an example embodiment, the conductive pillar
310 may be sized to fit into the recessed conductive
socket formed by the UBM layer 210 of the first die.
FIG. 12 is a flow diagram illustrating, in an example
embodiment, a method 1200 for formation of the annular
via with recessed conductive socket. The method starts
at operation 1210, where the substrate 410, from a
first surface of the substrate 410, is etched to form
an annular opening 420. At operation 1220, a first
passivation layer 610 may be deposited over sidewalls
of the annular opening 420. The annular opening 420
may, at operation 1230, be filled with a first
conductive material, e.g., copper, such that a metal
via 730 is formed. The metal via 730 may include a
planar end portion 720 covering a portion of the first
surface, e.g., top side, of the substrate 410 and
extending on the first surface outward from outer
edges of the annular opening 420. At operation 1240,
the substrate 410 may by thinned by removing ,e.g.,
backgrinding and etching, substrate material from a
second surface of the substrate 410 including an area
surrounded by the annular via 730 to an extent that a
portion of the metal via 730 extends out from the
second surface of the substrate 410. The first
passivation layer 610 may be removed, e.g., etched
away, from inner walls and an inner portion 850 of
exposed ends of the metal via(operation 1250). At
operation 1260, a second passivation layer 830 may be
deposited over a portion of the second surface of the
substrate 410 surrounding the inner portion of the
exposed ends of the metal via 730 such that a recessed
area surrounded by inner walls of the metal via 730
may be formed. At operation 1270, a layer of a second
conductive material, e.g., UBM, may be coated over a
surface of the recessed area to form a conductive UBM
socket. FIG. 13 is a cross sectional view illustrating
an example embodiment of a structure 1300 forming a
portion of a die including a via 1310 with a recessed
conductive socket 1350 and a cylindrical pillar 1330.
The via 1310 may be formed as a solid cylindrical via
1310 including a planar end section 1320 in conducting
contact with bond pads 1360 and a pillar 1330. The via
1310 may include a recessed portion covered by a UBM
layer 1350 forming a UBM socket 1340. The backside
passivation layer 1370 may be patterned and utilized
to serve as the etch mask for the recessed portion
into the solid cylindrical via 1310. The backside
passivation layer 1370 may also be used as insulating
layer. In an example embodiment, the pillar 1330 may
be sized to fit into a UBM socket substantially
similar to the UBM socket 1340. hi example
embodiments, the substrate 410 may be part of a die
including electronic circuits. The electronic circuits
may include DRAM, SDRAM, PCRAM, Flash memory, imagers,
etc. FIG. 14 is a block diagram illustrating an
example embodiment of a system 1400 including
electronic packages formed by the method of FIG. 11.
According to example embodiments, the system 1400 may
represent a main frame, a desk-top or a laptop
computer, a personal digital assistant (PDA), a
cellular phone, etc. The system 1400 may include one
or more processors 1410, one or more RAM 1420, a
number of input/output devices 1430, and one or more
storage devices 1440 coupled to a bus 1450. In an
example embodiment, the RAM 1420 may include SRAM,
DRAM, PCRAM, or Flash memory. The storage device 1440
may include a hard disk, a compact disk (CD) or a
digital versatile disk (DVD). In example embodiments,
the processor 1410 or the RAM 1420 may include
electronic packages consisting of dies stacked by way
of annular vias with recessed conductive sockets as
shown in FIG. 1.A die socket structure and method for
die stacking by way of annular vias with recessed
conductive sockets and conductive pillars have been
described. Although specific embodiments have been
described, it will be evident that various
modifications and changes may be made to these
embodiments. Accordingly, the specification and
drawings are to be regarded in an illustrative rather
than a restrictive sense. The Abstract of the
Disclosure is provided to comply with 37 C.F.R.
1.72(b), requiring an abstract that allows the reader
to quickly ascertain the nature of the technical
disclosure. It is submitted with the understanding
that it will not be used to interpret or limit the
claims. In addition, in the foregoing Detailed
Description, it may be seen that various features are
grouped together in a single embodiment for the
purpose of streamlining the disclosure. This method of
disclosure is not to be interpreted as limiting the
claims. Thus, the following claims are hereby
incorporated into the Detailed Description, with each
claim standing on its own as a separate
embodiment.CLAIMS What is claimed is: 1. An apparatus
comprising: a substrate including a conductive annular
via having a recessed portion surrounded by inner
walls of the annular via on a bottom surface of the
substrate; a conductive layer covering the recessed
portion configured as a conductive socket. 2. The
apparatus of claim 1, wherein the substrate includes
silicon, the 



conductive annular via includes copper, and the
conductive layer includes under bump material. 3. The
apparatus of claim 1, wherein the annular via includes
a planar end portion covering a portion of a top
surface of the substrate. 4. The apparatus of claim 3,
further including a conductive cylindrical pillar
extending out from the planar end portion of the
annular via. 5. The apparatus of claim 4, wherein the
conductive cylindrical pillar is vertical with respect
to a plane of the substrate. 6. The apparatus of claim
1, wherein the substrate is a part of a die and the
top surface of the substrate is an active surface of
the die. 7. The apparatus of claim 6, wherein the
active surface of the die includes integrated
electronic devices.8. A method comprising: forming a
conductive annular via having a recessed portion
surrounded by inner walls of the annular via on a
bottom surface of a substrate; and forming a
conductive layer covering the recessed portion to form
a conductive socket. 9. The method of claim 8, wherein
the forming of the conductive annular via includes
forming a planar end portion covering a portion of a
top surface of the substrate. 10. The method of claim
9, further including forming a conductive cylindrical
pillar on the planar end portion of the annular via
extending out from the substrate. 11. An electronic
package comprising: a first die including: a substrate
having an annular through substrate via (TSV)
including a planar end portion covering a portion of a
first surface of the substrate; a nonconductive layer
covering portions of a second surface of the substrate
surrounding the annular TSV; and an under bump layer
disposed in a recessed portion in the annular TSV at
the second surface, the under bump layer configured as
a conductive socket on a bottom surface of the first
die, wherein the bottom surface of the first die is
the second surface of the substrate ; and a second die
arranged relative to the first die in the electronic
package, the second die having a conductive
cylindrical pillar formed on a top surface of the
second die, wherein the conductive cylindrical pillar
is sized to fit into the conductive socket of the
first die. 12. The electronic package of claim 11,
further including a conductive pad disposed between
the substrate and the planar end portion of the
annular TSV.13. The electronic package of claim 11,
wherein the substrate includes silicon. 14. The
electronic package of claim 11, wherein at least one
of the first die or the second die includes integrated
electronic devices. 15. The electronic package of
claim 11, wherein the annular TSV includes copper. 16.
The electronic package of claim 11, wherein the
nonconductive layer includes a backside passivation
layer. 17. The electronic package of claim 11, wherein
the first and the second die are stacked so that the
conductive cylindrical pillar of the second die is
fitted into the conductive socket of the first die
forming a conductive connection between the conductive
cylindrical pillar of the second die and the
conductive socket of the first die. 18. The electronic
package of claim 17, further including a top die,
wherein the top die includes a metal pillar sized to
fit into a conductive socket in an annular via of the
second die such that the metal pillar is disposed into
the conductive socket of the second die to form a
conductive connection between the metal pillar and the
conductive socket of the second die. 19. The
electronic package of claim 17, the electronic package
includes one or more additional dies connected to the
stack by a conductive cylindrical pillar of one of the
additional dies disposed in a conductive socket in an
annular via of the second die.20. A method for
fabricating an electronic package comprising:
configuring a first die including: forming an annular
through-substrate via (TSV) with a planar end portion
covering a portion of a first surface of a substrate
and with portions of the annular TSV exposed at a
second surface of the substrate; forming a
nonconductive layer covering portions of the second
surface of the substrate surrounding the annular TSV
and leaving a recessed portion inside the annular TSV
at the second surface uncovered; and depositing an
under bump layer on the recessed portion forming a
conductive socket on a bottom surface of the first
die, the bottom surface of the first die being the
second surface of the substrate; and configuring a
second die in the electronic package relative to the 



first die including forming a conductive cylindrical
pillar on a top surface of the second die such that
the conductive cylindrical pillar is sized to fit into
the conductive socket of the first die. 21. The method
of claim 20, further including configuring the first
die and the second die in a stack so that the
conductive cylindrical pillar of the second die is
fitted into the conductive socket of the first die to
form a conductive connection between the conductive
cylindrical pillar of the second die and the
conductive socket of the first die. 22. The method of
claim 21, further including disposing a top die over
the stack of the first die and the second die such
that a metal pillar of the top die is disposed in a
conductive socket in an annular via of the second die
to form a conductive connection between the metal
pillar and the conductive socket of the second die.
23. The method of claim 21, wherein the method
includes connecting one or more additional dies to the
stack by disposing a conductive cylindrical pillar of
one of the additional dies in a conductive socket in
an annular via of the second die.24. A method for
fabricating an electronic package, the method
comprising: etching a substrate from a first surface
of the substrate to form an annular opening; forming a
first passivation layer over sidewalls of the annular
opening; filling the annular opening with a first
conductive material such that a metal via is formed,
the metal via including a planar end portion covering
a portion of the first surface of the substrate and
extending on the first surface outward from outer
edges of the annular opening; thinning the substrate
by removing a substrate material from a second surface
of the substrate including an area surrounded by the
metal via to an extent that a portion of the metal via
extends out from the second surface of the thinned
substrate; removing the first passivation layer from
inner walls and an inner portion of exposed ends of
the metal via at the second surface of the thinned
substrate; forming a second passivation layer over a
portion of the second surface of the substrate
surrounding the inner portion of the exposed ends of
the metal via such that a recessed area surrounded by
inner walls of the metal via is formed; and coating a
layer of a second conductive material on the recessed
area to form a conductive socket. 25. The method of
claim 24, further including forming a conductive
cylindrical pillar vertically extending out from the
first surface of the substrate and being sized to fit
into the conductive socket. 26. The method of claim
25, wherein the forming of the conductive cylindrical
pillar includes forming the pillar on the planar end
portion of the metal via.27. The method of claim 24,
wherein etching of the substrate is performed over an
area of the first surface of the substrate coated with
a conductive pad, wherein the annular opening is
concentric with the conductive pad. 28. The method of
claim 24, wherein forming the first passivation layer
over sidewalls of the annular opening includes forming
the first passivation layer over entire surfaces of
the annular opening and then removing the first
passivation layer from a bottom surface of the annular
opening. 29. The method of claim 24, wherein the first
conductive material includes copper, the second
conductive material includes an under bump material,
and the substrate material includes silicon. 30. A
system comprising: a processor including an electronic
package formed by stacking a plurality of dies,
wherein at least one die of the plurality of dies
includes a recessed conductive socket formed on an
annular via; and a memory including at least one
random access memory package. 31. The system of claim
30, wherein at least one die of the plurality of dies
includes a conductive cylindrical pillar sized to fit
into the recessed conductive socket. 32. The system of
claim 30, wherein the at least one random access
memory package is formed by stacking a plurality of
dies, wherein at least one die of the plurality of
dies includes a recessed conductive socket formed on
an annular via. 33. The system of claim 30, wherein at
least one die of the plurality of dies includes a
conductive cylindrical pillar sized to fit into the
recessed conductive socket. 


