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Background

The firgt cataytic didtillation process usng heterogeneous catdyst came onstream in 1981. This
plant was started up by Charter Qil at its Houston, Texas refinery. Since then, CDTECH has
licensed its cataytic didtillation technologies more than a hundred (100) times for various
goplications. There are now in excess of seventy (70) operating CDTECH units. Some mgjor
operding unit highlights are:

60 operating ethers units (including 2 ETBE and 10 TAME)
10 operating selective hydrogenation units
2 operating ethyl benzene units

The applications for Catdytic Didillation have expanded since 1981. Ethers - MTBE, ETBE,
TAME, as can be seen from above, have been the backbone of CDTECH's technology
portfolio. Now; however, technology for Sdective Hydrogenation within a catdytic didtillation
environment, CDHydro?, is achieving commercia success. For the nine operating CDHydro

units, there are four mgjor areas of application:
in C4/C5s, Butadiene and/or Pentadiene selective hydrogenation (8 units)
in C6s, Hexadiene sdective hydrogenation (1 unit)
in aromatics, with benzene saturation (1 unit)

Some of the reasons that cataytic didtillation has proven to be commercidly attractive are;



lower capitd cost
higher conversion
longer catdyd life

Capitd cods are reduced by combining catdytic reaction with distillation within the same piece
of equipment, often reducing the need for a separate reactor. An example of this would be the
sective hydrogenation of butadiene which can be combined within an exising MTBE unit
Debutanizer saving the cost of a separate sdective hydrogenation reactor and associated
equipment

For some equilibrium limited reections, using catdytic digtillation enables conversons wdl in
excess of fixed-bed equilibrium limitations. An example of this is MTBE production. With
CDTECH's process, isobutylene conversions in excess of 99.9% are achievable with one fixed
bed reaction step and one distillation step compared to 96-97% for a fixed bed process using
two reactors.

Remova of heavies by didtillation can result in a cleaner environment for catayst operetion. An
example of this is CDHydro technology, where the typicd catdyd life reduction by oligomer
fouling is minimized by didillation. The congant washing of the catdys by reflux and the
digtillation of heavies on formation resultsin long catdy< life.

In the following sections, a number of recently, or soon to be, commercidized cadytic
didtillation gpplications are described.

Butadiene sdlective hydrogenation combined within an MTBE unit
Pentadiene selective hydrogenation
C4 acetylene conversion

Benzene saturation



Combined CDMtbe & CDHydro

Sdlective hydrogenation of C4's has dways been of wide interest from refiners. When tregting
refinery and petrochemicd C4 dreams, sdective hydrogenation increases norma  butenes
available for akylation, reduces acid consumption in akylation units, and improves the quality of
HF dkylate.

The use of selective hydrogenation in the refinery is being driven by increased FCC unit severity
and the new FCC cadys formulations which are being used to increase the production of
olefins for dkylation and ethers production. Diolefin levels are concurrently increased, resulting

in increased acid consumption in akylation units and increased acid regeneration costs.

Traditiondly, fixed bed processes using pdladium on dumina cadyss have been used to
hydrogenate the diolefins in a C4 stream to mono-olefins.  With fixed bed processes, the
reection is carried out in the liquid phase or in mixed phase. Hydrogen concentration and
reection conditions are controlled so that over hydrogenation of the mono-olefins to paraffinsis

largely prevented.

In 1994 a new process was commercidized for selective hydrogenation in a digtillation column,
utilizing specid catayst-containing packing in the reaction zone. Termed CDHydro, the process
offers the mgjor advantage of combining

reection and didtillation, thereby saving
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The economic impact of adding
T || cbHydro to an MTBE unit (figured) wil
be demondrated by the following

example an exiging CDMtbe unit with a
10,000 bpd raffinate product containing
0.5wt% butadiene feeding a sulfuric acid
dkylation unit. CDHydro is to be
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retrofitted within the CD column and this will result in a reduction of the resdud butadiene to
less than 100 ppmw.

Trays are removed from the column and replaced by CDHydro bed supports and some
vapor/liquid redistributors. CDHydro catayst contained within a didiillation packing will be
loaded into the column and a hydrogen line will be provided. Due to the additiond lights in the
system there will be non-condensibles in the CD column overhead system. Two cases are
considered for the vent system; 1) once-through hydrogen - vent to FCC gas plant for gas
recovery, 2) recycle blower - vent gases recycled except for a smal purge to stop build up.
Case 1 offers the amplest system, but case 2 offers lower hydrogen codts.

Low cost and short payback makes CDHydro addition to an exising MTBE unit economicaly
dtractive in the present refinery economic climate particularly in comparison to an equivaent
fixed bed sdlective hydrogenation unit. Case 1 and Case 2 are smilar in payback, but the
differences are ininitid cost and hydrogen consumption. For case 2, the hydrogen consumption
is sgnificantly reduced, but at the cost of additiond equipment (recycle blower); however, the
payback on thisitem doneis 1 year offering long term operating cost savings. At refineries with

Tablel - Comparison of Hydrogenation Options

Fixed Bed SHU CDHydro: once through H2 CDHydro: recycle H2

Initial Cost (plant $3,500,000 $900,000 $1,100,000
modifications, engineering,
initial catalyst cost)

Net Annual Savings (acid $1,400,000 $900,000 $1,100,000
savings less H2, catalyst
lease, license fees)

Payback (months) 30 12 12

Basis:

CDMtbe unit; 10,000 bpd of raffinate, (0.5wt% butadiene reduced to less than 100 ppmw in product)
Hydrogen cost = 3 $/MSCF,

Acid consumption 13.4 Ib/lb butadiene (from Stratco)

Acid regeneration cost=$75/ton




little or no capacity in the Wet gas compressor this option is more aitractive as thiswill limit the

C4 losses to vent gas.

The economics and hence viahility of adkylation pretrestment are very ste specific. The most
ggnificant factors are akylation acid type and acid regeneration costs. The above example
covers HSO, dkylation, the most common akylation process, however, for HF dkylation
economics, CDHydro is dso dtractive particularly due to the isomerization of Butene-1 to
Butene-2 which increases the akylate octane by a couple of numbers. Maximizing Butene-2 has
aso been demongtrated using CDHydro at higher hydrogen rates. This favors the use of a

recycle blower to reduce hydrogen consumption.

Acid regeneration cost is the most sgnificant dement in HSO, akylaion. The effect of this
cogt on net annua savings is sgnificant. The payback for CDHydro addition (CASE 2) at
$30/ton (estimated in-situ regeneration cost) is about 4 years. For $125/ton (estimated ex-situ
regeneration cost on US West coast), it is6 months.

CDTECH isnow in aposition to offer the most economic technical and commercia solution for
Alkylation pretreatment based on your Site-specific criteria.

Penatadiene Selective Hydrogenation

Conventional FCC C5 Treating For TAME production, the removal of
pentadienes to a low leve is typicdly
required. The diolefins can cause fouling
within the TAME unit, resulting in reduced
the life of the catalyst and other operating

difficulties The TAME product can dso
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be discolored and odorous.

Sdective hydrogenation of the diolefinsto
Figure2

olefins is required in the FCC Cs cut to

prevent these problems. However, sdective hydrogenation catdysts such as pdladium are



normaly sengtive to the presence of mercaptans in the Gs cut (typicaly 20 to 500 ppm). The
conventiona treetment would require mercaptan remova upstream of the sdective
hydrogenation unit such as extractive treetment with caudtic (figure 2). Unfortunatdy, such
trestment normally leaves trace quantities of oxygen in the Gs cut which can cause deterioration
of etherification catalyst or high acid consumption in the akylation unit. In addition, the waste
caudtic from this unit is another polluting effluent and can be expengive to treet prior to digposal.

CDHydro operates a  pressures

CDHydro FCC C5 Treating significantly lower than conventiond fixed
bed reactors. As a result, compression
CDHydro
of hydrogen is normaly not required.
Mercaptans react with diolefins to form
A olefinic sulfides in the bottom of the
e caadys zone (figure 3). These

compounds have higher boiling points

than the Cs fraction and ae easly
Figure3

fractionated to the bottom product. The

olefinic sulfides are thermally stable unlike disulfides from caugtic sweetening and therefore do
not decompose in the reboiler to cause other problems. The overhead stream is desulfurized
without the use of caudtic and essentidly dl sulfur leaves the column with the bottom product.
In the middle section of the catalyst hydrogen reects with G diolefins to selectively produce
olefins. The overhead stream is low in diolefins and mercaptans and is better as feedstock to
either TAME or dkylation units. In the upper section, double bond isomerization occurs once

the pentadiene concentration has been reduced.

Use of CDHydro in the depentanizer reduces capitd cost via dimination of:
1. A separate hydrogenaion unit
2. A caudic tregting unit

3. Hydrogen compression



Additiona benefits of selective hydrogenation are reduction of RVP, increased octane of the G
cut and increased TAME product potential. The double bond isomerization accompanying the
sdective isomerization is respongble for dl three effects. Moving the double bond from the
aphato the beta position on the molecule converts 3-methyl butene-1 to 2-methyl butene-2 or
2-methyl butene-1 and converts pentene-1 to cis or trans pentene-2. In both cases the beta

position molecule has lower vapor pressure and higher octane than the dpha position molecule.

C4 Acetylene Conversion

There are generdly four options for handling C4 Acetylenesin Butadiene extraction:

1. Secondary extraction of acetylenes or two stage stripping to produce an acetylenes rich
extract.

2. Patid conversgon of the acetylenes in a feed hydrotrester followed by secondary extraction
of acetylenes or two stage stripping to produce an acetylenes rich extract which is then
recycled to the feed.

3. High converson of the acetylenes in a feed hydrotreater. The residual acetylenes are then
digtilled from the Butadiene product.

4. “Complete’ hydrogenation  of

Conventional Processing acetylenes before feeding fo the

Debutanizer  Extracter Extr/Sr Stripper MA Tower BD Tower . .
extraction unit.
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| The conventiond butadiene extraction
process (Figure 4) produces three

byproduct streams in addition to the

butadiene product and the raffinate; lights
B | (induding methyl acetylene), heavies
Figure4 which includes 1,2 butadiene and C5's

and an acetylenics concentrate.  The

latter stream the biggest source of butadiene loss. Most plant operate with 2 pounds of



butadiene diluent for every pound of acetylenes. This stream is often flared, fueled or otherwise

downgraded.

Direct hydrogenation of the concentrate can be used to recover the vaue of this acetylenics

concentrate. It isrardy practiced due to short catalyst life. This does however, yiddd aganin

butadiene.

Cadytic didillaion packing in the

Partial Conversion and Recycle Debutanizer (Figure 5) can be used to
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partidly hydrogenate the feed and the
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Published data on fixed bed reactors
indicate 40% converson of vinyl
acetylene without reection losses of

butadiene but no converson of ethyl
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acetylene or 1,2 butadiene. Even with

an acetylenics recycle to feed ratio of

1:10, the butadiene losses in the acetylenics purge is 25%. The unique conditions in the

Debutanizer dlow patid converson of the Ethyl Acetylene and 1,2 butadiene usng

conventiona catadys. This diminates purge
losses, reduces the recycle rate to feed
ratio to 1:50 with no converson of
butadiene to butenes. This new option can
aso provide pretreatment to off-load a
fixed bed hydrogenation unit and extend the
cadyd cycle length.

The third dterndtive is high converson of
the acetylenes in the feed before extraction
(figure 6). The residud acetylenes (ca 200

High Conversion and Distillation
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ppm) are then ditilled from the product viathe post fractionators. This can considerably reduce




the complexity and cost of the extraction unit. The fourth dterndtive is complete converson of

the acetylenes in the feed (less than 10 ppm) before extraction

Tablell —C4 Acetylene Hydrogenation Comparison

Double Conventional | Novel Fixed CDHydro CDHydro CDHydro
Extraction Fixed Bed Bed Partial High “Complete”
Conversion Conversion Conversion
BD Losses 31b BD per EA not Green Oil no loss of BD 3% BD+Acto | 8% BD +Acto
Ib Ac=6%to | converted Purge => 1% butenes butenes
Ac to butenes
fuel \ 2% to fuel
Capacity Base 10% recycle | Eliminates Ac 2% recycle Eliminates Ac Eliminates Ac
extraction and Reduced load extraction extraction and
Impact MA tower Ac extraction MA tower
Net Annua Base $3,200,000 | $2,600,000 | $5,000,000 | $4,100,000 | $2,800,000
Benefit*
Basis: Improved product yields (product vaues below )
less catalyst cost, capital cost allowance (@20%), license fee
fud ($1b) $0.03
butene (%1b) $0.13
BD ($/lb) $0.18

A process usng a fixed

bed reactor using a nove reactor has been used for complete

hydrogenation of acetylenes. The capitd and operating costs (Table 11) largely offset the high

butadiene yield.

The CDHydro processisflexible. It can be operated between maximum butadiene recovery to

maximum feed clean-up as economic conditions require.




Benzene

In the typicd refinery benzene comes from severd sources however, the benzene from the

reformer usudly represents 50-80% of
the totd. FCC gasoline is only a minor
somerate contributor to benzene in the gasoline

Coker

pool. As a reault the reformate is the

natura place to focus benzene reduction.

Reformate

A new CDHydro gpplicaion for the

Fiqure7 hydrogenation of benzene in reformate

has been commercidized. Texaco is
operating this unit at its Bakerdfidd refinery to produce CARB gasoline with low benzene
content. This option can be inddled a about 30% less capital cogt than a conventiona
reformate plitter followed by a fixed bed

benzene hydrogenation unit.
CDHydro Reformate Splitter

Dehexanizer Stablizer

oy

HRef

Figure8




Conclusion

Cadytic didillation offers many technology advanteges for a growing lis of process
applications. CDHydro, selective hydrogenation in a catdytic digtillation environment, has been
commercidized in four mgor areas of processng. The advantages over conventiond fixed bed

technology include: lower capita cog, lower operating cost and improved product quality.

CDTECH's cadytic didtillation technology has been in use for 17 years with over saventy
plants operating worldwide.



