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BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to an improved
method for regenerating catalysts that have been used
10 to remove acetylenic contaminants from olefin product
streams. More particularly, the present 1nvent10n
relates to an improved method for regenerating '
palladium-containing catalysts that have been used to
remove acetylenic contaminants from éthylene.
15 | | B | o
Product st:eams_df liquid or liquefiable olefins
and diolefins typically are contaminated with small
amounts of acetylenic impurities} For example, the
ethylene/ethane fraction in an ethylene plant
20 'typically contains 0.5 é 2.0% acetylenic impurities.
Such acetylenic contamination is undesirable because .
acetylene tends to poison'the catalysts that are used
to convert ethylene to polyethylene. Acetylene also
can form metal écetylides which are explosive and
25 which may contaminate the equipment that is used to
process such product streams.

‘It is known that acetylenic impuritiés can be
selectively hydrogenated and thereby removed from such
30 a product streams by passing the produét stream over a
catalyst (an "acetYlene hydrogenation catalyst") in
the presence of hydrogen; however, the hydrogenation
process typically results in the deposition of a green
oil on the catalyst which deacfivhtes'the catalyst.



of acetylenic inpurities. For exanple, the ethyl- ene/ethane fraction in
an et hyl ¥9408232 typically con- tains 0.5 - 2.0% acetyl eni cPCRUSIH95880
Such acetylenic contanination is undesirable because acetyl ene tends to

poi son the catal ysts that are used to.convert et hyl ene to pol yet hyl ene.
~Acetylene also can formnetal acetylides which are explosive and which remy
contam - nate the equi pnent-that is used t process such product It is
known that acetylenic i mpurities can be Sefec- tively hydrgenated and

t hereby renoved from such a product streans by passing the product stream.
over a catalyst (an "acetyl ene hydrgenation catalyst”) in the presence of

hydr ogen; hower, the hydrogenatlon process typically results in the
depositon of a ahggﬁ o 3T acetylene hydrogenatlon processes typically

1nc1ude an. oxygenat;on step or a "burn® step to remove
the deactlvatlng carbonaceous residues from the
- catalyst followed by a hydrogen reductlon step to
5 reactivate the ‘catalyst. See, e.q., US-A-3 812,057
o (Morgan) and US-A-4,424,255 (Toyoda).

An oxygenation step followed by hydrogen
reduction normally is effective to regenerate an
10  acetylene hydrogenation catalyst; however, there are
many disadvantages to the use of an oxygenation step
during regeneration of such catalysts. |

. First, when oxygen and hydrogen come together
15 - under the condltlons used to regenerate the catalyst,
an exothermlc reactlon is produced which may result in
uncontrolled temperature runaway. Thus, before the
‘regeneratlon is performed, it is necessary'to purge
the catalyst of hydrogen and hydrocarbons using an
.20 inert gas, such as nitrogen gas, both before and after
| the oxygen-containing stream is introduced. The '
purging process is both tedious_and time consunming.
Furthermore,'if the regeneration is performed in situ,
‘the concentration of oxygen in'the'regeneration_gas
.25 stream must be regulated carefully in order to avoid
' reactor temperature run-away. It would be '
advantageous if acetylene hydrogenation catalysts
‘could be regenerated u51ng a method which did not
require such time consuming purglng and monltorlng.
30 ' o
' _ The use of an oxygenatlon step durlng
regeneratlon of an acetylene hydrogenatlon catalyst
also presents an environmental concern due to the
-resulting emission of carbon.nonoxide, carhon dioxide,
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on .t he cat al whi ch deactivates the catalyst There- fore,
hydogen&é-%ﬁ/@%&esses typically include an gxygenat I on st ed"g‘?%&@gﬁ@
st'ep to renove the deactivating carbonaceous residues fromthe cata- |yst
foll owed by a hydrogen reduction step to reactivate the catal yst. See.
e.g.. US-A-3,812,057 (Mrgan) and US-A-4, 424,255 (Toyoda). 2 An
oxygenation step foll owed by hydrogen rgdyc- tion nornmally is effective to

regenerate an acetyl ene hydrogenation catal yst: however, there are nmany
di sad- '

and unburnéd hydrocarbons. The hydrocarbon residue
that remains on the catalyst can comprise up to 10 wt%
of the catalyst. The oxygenation of this amount of

. residue results in the emission of a substantial

5 amount of carbon monoxide and carbon dioxide. In

~ addition, the emission during oxygenation may contain

: approximately 6-10% of unburned hydrocarbons. it
would be advantageous if acetylene reduction catalysts
could be regenerated in a manner that did not result

10 in such environmentally undesirable emissions.

Regeneration of acetylene hydrogenation catalysts
'usiqg an oxygenation step also is undesirable because
the oxygenation step has a negative impact on the life
15 of the catalyst. A catalyst that has been used to
hydrogeﬁate acetylene typically must be regénérated
once every one to three months. Acetylene
hydrogenation'catalysts are heat sensitive, and
exposure to excessive heat decreases the activity of
20 the catalyst. The oxygenation step that is used in
' most regeneration processes typically is run at
temperatures between 371-455°C (700-850°F). The
expdsure of an acetylene hYdrogenation catalyst to
such high temperatufes at such regular intervals takes
25 a great toll on the life of the catalyst. It would be
' advantageous if the regeneration of such catalysts
could take place at lower temperatures which reduced
the thermal stress induced during-the regeneration.

30 Some of these disadvantages can be avoided if the
catalyst is regenerated ex Situ, or outside of the
reactor. However, the unloading and reloading of the
reactor with the catalyst is a time consuming process.
Evén'if the regeneration process is performed ex situ,'
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vantages to the use of an oxygenation step during regeneration of such
cat al ystw0D 94/60282 when oxygen and hydrogen cone toget her unddCT/US93/05880
conditions used to regenerate the catalyst, an exothernic reaction is
produced which nmay result in uncontrolled tenperature runaway. Thus. before
the regeneration is perfoned, it is necessary to purge the catalyst of -
‘hydrogen and hydrocabons using an inert gas, such as nitrogen gas, both
before and after the oxygen-containing §tﬂeah1|s i ntroduced. The purglng
process ‘i's both tedious and tine consumng. Further- nore, if the :
regeneration is performed in situ. the con- centration of oxygen in the
regenerati on gas stream nust be regul ated carefully in.order to avoid-
react or the catalyst still must be purged with an inert gas

both before unloadlng and after reloadlng the reactor.
. _Thus, regardless of where the regeneration process
takes place, s1gn1f1cant reactor down time is requlred
_ 5' if the catalyst is regenerated uslng a process that
'1nc1udes an oxldatlon step.

For all of these reasons, it would be
advantageous if acetylene reduclng catalysts could be
‘10 _regenerated without an oxygenatlon step. Col. 4,
lines 16-35 of US-A-3,912,789 acknowledges'that
_ partial regeneration can be accomplished using a
- hydrogenation step alone. However, this patent
_ teaches that full regeneratlon of an exhausted
15 | catalyst requires an oxygenation step. Therefore,_a
process has yet to:be developed that can fully
regenerate acetylene reduction catalysts w1thout the
need for an oxygenatlon step. '

20 Not only is an oxygenatlon step undesirable, but
any additional step in the regeneratlon procedure is
undes1rab1e because each step requires a change of
conditions and switch over techniques which can be
deleterious to the performance or longevity of the

25  regenerated catalyst. _For example, GB-1,158,418
teaches a method-of regenerating hydrogenation
catalysts comprising a hydrocarbon wash step followed
by a hydrogen treatment. Indeed this patent discusses

 an already known_method'consisting of contacting

30 -hydrogen with the catalyst at an elevated temperature o
(p- 1, line 77 - p. 2, line 10), but reports that this
known method was still 1nsuff1c1ent to restore

' completely the 1n1t1al act1v1ty of the selective

hydrogenation catalyst. = == ————
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tenperat«&fbi gway. |t viould be advant ageous if acet'yl ene pgyy70se2704880n

catal ysts cou e regener- ated using a method which did not require such
ti'me consuming purging and nonitoring. The use of an oxygeration_step
during regeneration of an acetyl ene hydrogenation gg¢ % al so present's an
envi ronnmental concern due.to the resulting en155|on 1hmh&mlde
carbon di oxi de, and unburned hydro- carbens.-The hy ue t hat
remai ns. on the catal yst can conprise up to 10 ww% o The
oxygenation of this amount of residue results in the en1SS|on

substanti al anpbunt of carbon nonoxi de and carban di oxide. In- addhlon he

em ssion during xygenation may contaln approxi mately 6-10% of

US-A-2,946,829 dlscloses a process of making a
Pd/Al,03 catalyst for selective hydrogenation, used
with the industry standard method of regeneration,

5 which uses steam to provide heat to attain the needed
temperature to burn the polymeric deposits off the
catalyst. When a small amount of air is mixed into
the steam (see Example 3, col. 5, 1. 52-55), the
resulting catalyst is relatively free of carbonaceous

10 ‘deposits. The main function of the hydrogen reduction
| step is to reduce the oxidized metal back to its
" metallic state. In fact, the hydrogen reduction step
is not even required, as shown in Example 3, col. 5,
1. 65. On day 17, regeneration 6 did not include a
15 ‘'reduction step. The'catalyst nevertheless was put
back on stream after steam treatment and exhibited
very high activity, i.e., at a space velocity of 2,000
and 150°F, acetylene in the reactor outlet dropped
from an inlet concentration of 0.35% to 1.3 ppm. This
20 compares favorably to the results of the first '
regeneration, Example 1, which did use a hydrogen
reduction step after steam treatment -- 5 Ppm
acetylene at the reactor outlet at a much lower space
velocity of 1,000 and 130°F.

25 _
~ In addition, US-A42 946,829 teaches the need for
vigorous regeneratlon in order to remove polymer
deposits. Such severe regeneration leads to a loss of
‘physical strength in the hydrogenatxon catalyst, or to
30 1mpa1red act1v1ty or select1v1ty (col. 2, lines 30~

37). The v1gorous step in the disclosure is the step
of burning off the polymer deposits in the presence of
steam -- not the hydrogen reduction step. Thus, this



_ unburnqu g bons. it would be advantageous if acetyl en ﬂ '

cat al yst 3§ ;Lﬂ%gg%e regenerated in a .manner that did no. resuﬁ’é]? g@:{f@ﬁ&o
‘environnmental | y undesirabl e eni ssi ons Regeneration of acetylene

hydr ogenati on catal ysts using an oxygenation step un eS|rabIe

becausé the oxygenation step has a negative inpact on ihe I_Jagﬁ@nhéglacie 3: the

catal yst. A catal yst that has been used_tg bydrogenT“
typically nust be regenerated once every one to three

Iene .
hydrogeration catal yst

art teaches that the steam treatment,step is essential'
‘to regeneration of a hydrogenation catalyst. :

GBfAf907,348 teaches the partial regeneration of
5  a nickel catalyst using a hydrogen treatment.
' Klthdugh a temperatﬁre range of 200-600°C is
mentioned, all of the actual regenerations described
are carried out_at”temperatures in the range of 204-
250°C. In the Provisional Specification of GB-A-
10 907,348, temperatures at the lower end of the range
~ are said tc be preferred, particularly 200-300°C.
From the actual experiments of GB-A-907,348,
regeneration at 250°C did not cause recovery'of fresh
catalyst activity, and the stability of the
15 regenerated catalyst was lower except in the
experiment that used the lcwest-temperature (204°C).
(See Examples 1-3.) The failure to recover the
activity of fresh catalet is clear because a higher _
temperature is requlred to maintaln the same hydrogen
20 _consumptlon during regeneratlon (Example 1, 127°C _
fresh v. 143°C. regenerated, Example 2, 127°C fresh v.
138°C regenerated) And, in Examples 1 and 2 (which
used a regeneratlon temperature of 250°C), the
stablllty of the regenerated catalyst is lower
25 . (Example 1, fresh catalyst required 152°C after 670
hours v. regenerated catalyst requlred 166°C after 477
hours; Example 2, fresh catalyst required 127°C after
335 hours v. regenerated catalyst_requlred 138°C after
127 hours). However, in Example 3 (which regenerates
30  the catalyst at a temperature"of 204°C), although the
“activity of the fresh catalyst is not completely '
recovered the stability of the regenerated catalyst
is hlgher than the stablllty of the fresh catalyst
(regenerated catalyst required 142°C after 1410 hours,



ar e heat wgrefypgizse,

and exposure to excessive heat decreasesﬁmgyj,ysm of

the catalyst. The oxygenation step that is used in _npbst regeneration:
processes typi- cally is run at tenperatures between 371 455[err]C (700-_
850F). The exposure of an acetyl ene hydrogenation cHtsdh Hasthersmeq:;

the catalyst. It would be advantageous i$ 1 he regene

tenperatures at such regular inter- vals takes a gre E
catal ysis coul d take place at |ower tenperatures whic

gh
yu”!wj I|fe of
reduce thernal

stress induced during the regeneration. Some of these di sadvantages can be
‘avoided if the catalyst is regenerated ex situ, or outside of the reactor.

However, the U%f@ﬁh'&@&%{é’@'?&éﬁﬂﬂe&f 16becT 8BELLT 330 HobPg) Cat Fhyst 1S 2

S tine consumlu;égocess
is publlcatlon teaches away from the regeneration of

catalysts u51ng hydrogen at temperatures that are
_ above 250°c.

s OF I ON
According to the present invention there is

prov;ded a method of substantlally completely
regenerating a catalyst that has been used to remove
acetylenic impurities from an olefin stream and which

10 has become at least'partially deactivated by that use,
which comprises substantially stripping the h_
deactivated catalyst of carbonaceous depoeits using
hydrogen at a linear velocity of at least 15.2
cm/second (0.5 feet per second), at a temperature of

15° from 315 - 400°C (599 - 750°F) and at other condltlons
such that substantially complete regeneratlon is
effected, wherein said stglpplng is essentlally the
only regeneration treatment employed and occurs in the
absence of an oxygenation step. |

20

It is a feature of the invention that acetylene

reduction catalysts can be substantialiy fully
regenerated by hydrogen stripping, alone, at _
relatively low temperatures which are nevertheless

25 greater than those taught away from in prlor art such
as GB-A~907,348. It has also been found that
palladium~-containing catalysts that have been used to
ﬁurify ethylene unexpectedly have a better selectivity
to ethylene after they are hydrogen stripped accordlng

30 = to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a chart showing the Temperature

Programmed Oxidation (TPO) spectra of the UCI G58B



the regeneration process is perforned ex situ, the cata- lyst still. must be

pur ged ert gas both before unloadlng and after re
reactorm&ﬁiké%&’rggard | ess of where the regeneration rocesé?i%gggs p?ace
sig--nificant reactor down tine is reqU|red if the cafgrygF“*‘regeﬁeLaLe
using a process that Includes an oxidation step. For alThis Skeef IS BE., EASONS,
It would be advatageous if acetyl ene reducing catalysts @iate
Wi t hout an oxygenation step. Col. 4, |inesg 16-35 of US- W
acknow edges that parti al regeneratlon can .be acconpllshe

hydrogenation step alone. However, ‘this patent teaches that ful
regeneration of an exhausted catal yst reqU|res an oxygenation step.

catalyst of Example 1 before (a) and after (b)
hydrogen stripping.

_ . Fig. 2 is a bar graph comparlng the catalyst
5 act1v1ty of the BASF HOll catalyst of Example 2 before
' and after hydrogen stripping. "SOR" under the first '
‘bar in the graph stands for activity at the start of
the run. YEOR" under the second bar in the graph
stands for activity at the end of the run. The bar
10  above "662°F H2" represents the act1v1ty of the
' substantlally completely regenerated catalyst after
hydrogen stripping_according to the invention at about
350°C (662°F). The bar above "788°F H2" represents the
_ (reduced) activity of'the'inconpletely regenerated
15 catalyst after further hydrogen stripping'outSide the
scope of the invention at about 420°C (788°F).

~ Fig. 3(a) is a graph comparing the acetylene
| conversion activity of the UCI G58E catalyst of
- 20 - Example 3 when fresh to the activity'Of that same
' '(substantlally completely regenerated) catalyst after .
it has been hydrogen stripped accordlng to the present
invention at about 350°c (662°F).

25 Fig. 3(b) is a graph comparing the_deactivation
rate of the fresh and stripped catalyst of Example 3.

Fig. 3(c)'is a graph comparing the selectivity to.
ethylene of the fresh and strlpped catalyst of Example
30 3.

Fig. 3(d) is a graph comparlng the select1v1ty to
ethane of the fresh and strlpped catalyst of Example
3.



Ther ef or ess has yet to be devel oped that canfully r er
acetyle&goﬁadﬁéggon catalysts witut the need for an pxygenat%ﬁﬂgﬂgﬁﬁkﬁﬂ?
only is an oxygenation step undesirable. but any additional step in the

regenerai on procedure is undesirabl e because -each step reqU|res a change of
‘condi tions and switch over techniques which c ous to

t he performance or |ongevity of the regengy anple
GB- 1. 158. 418 teaches a net hod of regenerat| ng h |ﬁﬂ | lI ysts com

Fig. 3(e) is a graph comparing the selectivity to
hydrocarbons having four or more carbon atoms of the
fresh and stripped catalyst of Example 3.

DESCRIPTION OF THE INVENTIO
Preferably the at least partially deactivated
(spent) acetylene hydrogenation catalyst is hydrogen
stripped with a mixture of hydrogen and inert gas.
10 When pure hydrogen is not used, the hydrogen
concentration in such mlxtures may be from 0.1 to less
than 100%, preferably from 5 to 10%. Since a
stripping gas hav1ng only 5-10% of hydrogen may be
used during the stripping process, any low value
15 hydrogen source,'preferably_without carbon monoxide,
can be employed. ' For example, hydrogen may be
purchased and mixed fresh with an inert gas, or the
hydrogen may come from another refinlng operation.
For example, the overhead effluent from a
20 demethanizer, which contains about 5% Hy in CH,4
(normally used as fuel gas) may be one potential
source for hydrogen. It also may be possible to
recycle hydrogen that has already been used to
regenerate the cetalyst.
25 X _ |
The percentage of hydrogen in the gas stripping
mixture is not critical to the present invention. 1In
the following examples, a mixture of inert gas and
_ around 9-10% hydrogen was used. Any inert gas may be
30  used in the mixture. The most commonly available and
most inexpensive inert gas for use in the invention is
nitrogen:; therefore, nitrogen is a preferred inert gas
for use in the present invention.



prising a hydrocarbon wash step foll owed by a hydrogen treatnent. |ndeed
this patent discusses an al ready known net hod consisting of contactn ?

‘hydr ogen WOt94/00232cat al yst at. an el evated tenperature (p. 1. PCHUSPI/0588p
2, line 10), but reports that this known nethod—mas—s%+++—+ﬂsu++rtrent to

‘restore conpletely the initial activity of ‘the s | dr n%tlon
catal yst. US-A-2,946, 829 discloses a process . of cat al yst
~for selective hydrogenatlon ‘used W ththe |ndustr & od of
regeneration, which uses steamto providé h8af to ed tenper-.

ature to bumthe polyneric deposits off the catalyst Wien a snall anount of
air is mxedinto the steam (see Exanple 3, col. 5, 1. 52-55), the
‘resulting catalyst is rel-

Although the follow1ng examples of the 1nventlon

descrlbe regeneration of palladlum based acetylene
reduction catalysts, one of skill in the art will o
recognize that the hydrogen stripping process of the
5 present invention may be used to regenerate other
. types of catalysts that are used to hydrogenate acety-
lene. For example the present process could be used
to regenerate acetylene hydrogenation catalysts Which
- contain: Group VIII metals, such as nickel, cobalt,
0 ruthenium, palladium, and platinum; Group VIB metals,
' such as chromium, molybdenum, and tungsten; or Group

IB metals, such as copper, silver, or'gold. However,
the preferred_catalyst for use in the present
invention is a catalyst in which the primary active
15 element is palladium, preferably one where palladium '
' comprises approx1mately 0.01-0.5% by weight of the
. catalyst, more preferably 0.02- 0_05%. A palladium
content higher than about 0.5% could deteriorate at
the temperatures used in the process of the present
.20 invention. Optionally the palladium may be combined
” with another metal, such as silver.

~ The catalyst metallis typically carried on a
support such as silica.or alumina.
25 |
The strlpplng procedure of the 1nventlon takes
. place at a temperature of from 315-400°C (600-750°F),
preferably between about 315-372°C (600-700°F), and
nmore preferably at about 350°C (662°F). In order to'
30 avoid deactlvatlng the catalyst especlally a '
‘palladium based catalyst, or agglomeratlng the
palladium, the temperature of the hydrogen strlpplng
procedure should not exceed about 400°C. The
temperature'should be at_least 315°c to achieve the



ativel'y {¥¢04/0b2822r bonaceous deposits. The min func- tion of
reduction step Is to reduce the oxidized rnetal back to its

I'n fact the hydrogen reduction step is not even required
Exanple 3, col. 5.1. 65. On day 17, regeneration 6

reduction step The catal yst neverthe- |ess was put back on stre

steam treatment and exhi bited very high.acijwty, i.
of 2000 and 66C (150[err]F), acetylene in the reactor
an inlet concentration of 0.35%to 1.3 ppm This conp

as shown

i

FeTpRs sl

in

ceglomty

from
tothe

results of the first regeneration, Exanple 1. which d|d use a hydrogen

reduction step e%s&ahe&g%gpe%m?&hte TR I Yh Al 1§ " eactor ouet

at ‘a much | ower space ve

commercially de81rable, and other process conditions
will be readlly determlnahle to.enable this objective

to be reached.

The pressure_at which the stripping takes place
may not be critical; however, the stripping preferably
takes place between'atmospheric pressure (0 psig) and
2.07 MPag (300 psig), and more preferably between

10 atmospheric pressure and 345 kPag (50 psiqg). Lower
cost hydrogen sources having a low content of hydrogen
‘typically are more readily available at lower
pressures. In the following examples, pressures of
about 2.07 MPag and atmospherlc pressure were used.

- 15 Similarly, the time period requlred for strlpplng is
not critical, save it should be sufficient to achieve |
substantially complete regeneration. One of skill in
the art will recognize that the amount of time needed
. for the stripping procedure can be determined'by

20 monitoring the amount of hydrocarbon present in the
catalyst until a minimum plateau level has been
achieved. 1In the following examples, the strlpplng

time ranged between 16-24 hrs.

25 The flow rate of the hydrogen through the
‘catalyst should be such that the llnear velocity
through the catalyst should be at least about 15.2
cm/second (0.5 feet/second). This will ensure
uniformity of reactant concentretions and temperatures.

30 throughout the reactor during regeneratlon. It has
been found that. lower velocities may be insufficient

to achieve uniform regeneration of the catalyst.

parameter of linear velocity is used herein rather
than, e.g., space velocity because linear velocity'

The



1,000 -and 54[err]C (130[err]F). In addition, US A-2,946,829 teaches the
need f-or wO®ara®as2r egeneration in order to renove poI ymer demrmsg;;/agm
severe regeneration |leads to a | oss of physical strength. |n the o
“hydrogenation catalyst, or-to inpaired actiity or- sel

lines 30-37). The Vigorous step in-the disclosure is tq%m Lgpﬂgﬁkau&mmng

of f the pol yner deposits in the presence of -steam -
reduction step Thus, this art teaches thatl2he steanttre
essential to regeneration of a hydrogenatlon catalyst

commonly is used to calculate dispersion and mixing
phenomena in packed beds. For example, the axial and
radial dlsper51on of reactant concentratlon are
_ estimated by calculating Peclet numbers (James
5 - carberry, "Chemical and Catalytic Reaction
Engineering", p. 162). The linear velocity also is an
important factor in controlling heat transfer in the
reactor. Furthermore, linear velocities may differ
even where the space velocity remains the same. For
10 . example, wide and shallow beds will have lower linear
velocities than narrow and deep beds will have.
However, narrow and deep beds will have a hlgher ,
pressure drop than wide and shallow beds. Thus, it is
' des1rab1e to spec1fy elther linear velocity or space
15 velocity with the reactor L/D ratio to ensure proper
design or scale up of the reactor.

It is a feature of the invention that
substantlally complete regeneratlon is achieved
20 without the need for an addltlonal or associated
' regeneratlon step, e.g., hydrocarbon_wash or steam
treat or, particularly, oxygenation. As shown in
Example 1 which follows, the process of the invention
enables catalyst to be re-used as fresh catalyst after
25 regular hydrogen only regenerations of the catalytic
metal sites, preferably in situ in the acetylene
reduction reactor. Nevertheless it may be desirable
from time to time to clean carbonaceous deposits from
the:support (as opposéd to the catalyst metal) because
30 hYdrogen strippihg does not remove all of the '
carbonaceous deposits from the support. Thus it is
'possible_that an air burn may be deSirable'eventually-
in order to clean the support to prevent restriction
of flow rafe, preSSure, etc. HoWever, the number of



,GB~A—90@W§§§nng§hes t he partlal regeneration of a nickel C P e/ 103 /03880 2
hydrogen treatment Al though a tenperature range of 200-600[err]Cis

mentioned, all of the actual regenerations descri at
‘tern- peratures in the range of 204-250C. In the P R i cation
- of GB-A-907, 348, tenperatures at the |ower end of | I%B%Emégﬁ aéd to be

preferred, particu- -larly 200-300[err]C g amnthe a nts of -

GB-A- 907, 348, regeneration at 250C did not cause r
catalyst activity, and the stability of the regener- ated catalyst mas
| ower except in the experlnent that used the Iomest tenperature

]grzgéleegg gl)yst gfiear gg&ugg&ay&e. &‘?lldtye% erat ure |; éé;es@éﬁ%ﬂt:%y Of

: 1n such a system will be much 1ess than the frequent

air burns that heretofore have been required to

_régeherate the catalyst. An infrequent air burn to

5 clean the support will be much less intrusive and |
damaging:than the frequent, repetitive air burns

required in current catalyst regeneration processes.

The following examples illustrates the invention.
10
EXAMPLE 1
An aligquot of UCI G58B catalyst (P4/A1,03),
deactivated after 200 hours of use as an acetylene
hydrogenationiCatalyst in olefin stream treatment, was
15 stripped with 10% Hy/Ar at linear velocity greater
than 15.2 cm/sec and at a temperature which rose from
room temperature to about 750°C (1382°F) at a heating
rate of about 13 degrees C/min (23.4°F/min). The
carbonaceous residues on the éatalyst were analyzed
20 both before and after hydrogen stripping by
temperature'programmed oxidation (TPO), which detected
carbon oxide emission during the TPO burn while the
reactor tempetature was linearly increased. The TPO
spectra of the spent catalyst before and after
25 hydrogen stripping were plotted as Figure 1(a) and
(b), respectively.

Before hydrogen stripping, two types of
carbonaceous residues were presént on the catalyst. A
30 peak at about 400°C (750°F) represents carbonaceous
. . residues that were present on and/or near palladium.
A peak at about 510°C (950°F) represents carbonaceous
residues that were present on the support. Aafter
hydrogen stripping, only one peak appeared at 550°C



mai ntain the sane hydrogen consunption durrng regeneration (Exanple 1,

127[ err] vdogap232 143[err]C regen- erated; Exanple 2, 127[ep&ﬁ1§§ﬁm
138[err] C regenerated). And, in Exanples | and 2 (mhrch used a regeneration

tenperture of 250[err]Q), the stabitity -of the regenerate i s | ower
(Exanple 1, fresh catal yst required 152C after 670 hourmsm, generate

cat al yst requrred 1 66C after 477 hours; Exanple 2, fre uRé | red
~127[err]C after 335 hours v. regenerated aat & yst requr er
127 hours). However, .in Exanple 3 (which regenerates th

é@@ﬁft
t enper ature of 204[err]C3 al t hough the activity of ‘the fresh cata
not conpletely recovered, the stability of the regenerated catalyst is -

'hlgher t han the(ﬁbﬂ@"#)tY'@ﬁetﬁﬁéséﬁﬁé 6916$Y§tthls single peak after
_hydrogen strlpplng indicated that the carbonaceous
re51dues that were on and/or near the palladium were
removed by the hydrogen stripplng. slnce acetylene

5 conversion occurs mainly on palladium sites in'the
'catalyst, the removal of carbonaceous residues from
the palladium can re-expose the palladium active sites
and recover substantially all the activity of the

- palladium. The hydrocarbons'that are stripped off the
10 catelyst can be either recycled to the cracker or used
~ as fuel gas. |

EXAMPLE 2
A BASF HOll catalyst (Pd/Sio;) was subjected for
15 200 hours to the reaction conditions of 1.5% wt CoHy
(in an olefinic stream), 1.6 Hp/C,H, molar ratio, 4000
~gas hoﬁrly space velocity (GHSV), 2.07 HPag (300 _
psig), and about 66°C (151°F) average bed temperature.
After 200 hours, the acetylene conversion of the
20 catalyst'decreased from 79% to 58%. The spent
catalySt was then regenerated by hydrogen stripping
for 16 hours with 5% Hy/N; at 2.07 MPag (300 psig) and
' greater than 15.2 cm/sec linear velocity in the
reactor, and about 350°C (662°F) After the hydrogen
25 stripping, the acetylene conversion of the catalyst'
- was 78%. A comparison of the catalyst activity before
and after hydrogen strlpplng is plotted in Figure 2.
The results 1nd1cate that the hydrogen strlpplng at
~ about 350°C (662°F) substantlally fully regenerated
30 the catalyst.

The temperature used during hydrogen stripping'is
preferably not too hlgh or else the palladlum will
begin to agglomerate and will not achieve



(regeneéﬁégg Iyst reqU|red 142[err] C after 1410 hmurs fﬁéﬁhﬁﬁﬁhﬁhéﬁt
require ferr C after 327 hours). Thus this publlcatlon t eaches awa
fromthe regeneration:-of catal ysts using hydrogen at tenperatures that are
above 250[err]C. SUMVARY OF THE | NVENTI ON Accorlng‘T“The—pFesenL_____

invention there is provided a nethod of substantially g &
regenerating a cat- alyst that has been_uggd-to renove 1 Replaced
inpurities froman ol efin stream and whi ch has becone atm I’” |y
deactivated by that use, which conprises sub--

'substantially complete regeneratlon using only a

hydrogen treat step. For example, when the catalyst

was further hydrogen stripped at about 420°C (788°F)

for 16 hours, under otherwise the same conditions, the

5 activity of the catalyst was reduced to 62% acetylene
conversion -- a dramatic decrease—zn catalyst
activity.

EXAMPLE 3
10 A spent UCI G58E catalyst (Pd/Ag/Al203) which had

been used for acetylene hydrogenation in an ethylene
stream was hydrogen stripped at about 350°C (662°F)
and 1 atmosphere pressure with 9% Hz/Nz at linear
velocity in the reactor of greater than 15.2 cm/sec,
15 ~ for 24 hours. The performance of the hydrogen
stripped catalyst was then compared to the performance
- of fresh catalyst at 70 hours into the activity test.
The results are tabulated in Table I. The parameters
of the activity test carried out in a normal
20 hydrogenation reactor were 1.4% wt CpHp, 1.2 Hp/CoHj
molar ratio, 4900 GHSV, 2.07 MPag (300 psig), about
102°C (215°F) sand-bath temperature.

TABLE I

25 . - Fresh  Hp Stripped
| CpH, Conversion | 80% 80%
Selectivity to CyH4 57% 67%
Selectivity to CoHg 32% . 23%
Selectivity to C4+ : 11% 10%

30 Deactivation Rate -0.1%/hr -0.2%/hr



stanti-al |y stripping the deactivated catal yst of carbona- ceous deposits

using h 90238 a linear velocity of at least 15.2 cnisec Atso
per second), at a tenper- ature of from31 5 - 400C (599 - err s880
~at other conditions such that substantlally conplete r ra- tionis

effected, wherein said strlpplng I's essentially the only‘{gg@@emfa “”d
treatment enpl oyed and occurs in the absence of an oxygen \ Is

a feature of the invention that acetyl emrer6educ- tion cat

substantially fully regenerated by hydrogen stri pping,- I relatlvely
| ow tenperatures which are neverthel ese greater than those taught away from
In prior art such as GB-A-907,348, It has al so been found that

paI | adi um cont-ai ni N\ afetlny Strfont hf’ébmvf the spent catalyst which
' had been hydrogen stripped according to the invention
g'unexpectedly had a select;vxty to ethylene that was 10
pointe better than the selectivity of the fresh
5 catalyst. Also, the ethane make was substantially
reduced after hydrogen stripping. This result
suggests that a "de-edging" preeess'may have occurred
which reduced the number of palladium sites
o - responsible for. over hydrogenatlng acetylene/ethylene
10 to ethane.

Although the deactivation rate was higher for the
hydrogen stripped catalyst, the deactivation rate can
: .be overcome by'more freguent hydrogen stripning. Even
15 if more frequent hydrogen stripping is required to
regenerate catalyst, the present process may be less
time consuming and less damaging to the catalyst than
frequent air burns or other additional treatment
steps. | '
20



eeen usgagﬁéidﬂbPkfy ethylane unexpectedly have a better selcktiiﬁggidkssn

et hyl'en ey are hydrogen stripped according to the p

i-nvention. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a chart show ng the
Tenperature Pro- grammed Oxidation (TPO spectra of the UCI (Gb8B cat, alyst
of Exanple 1 before (a) and after (b) hydrogen Stllpplng Fig. Z 15 a bar

gr aph conparing the catal yst activity oL he BAF ﬁ%m gfgt Repided EXanpl e 2

before and after hydrogen stri pping. "SOR under n the graph
stands for activity at the start he run. "ECR' u d bar in
‘the graph stands for activity at the end o the run

"662[err]F HZ'&ﬁKEﬁ%:

1. A method of substantially completely

regenerating a'catalyst that has been used to remove

5 acetylenic impurities from an. olefin stream and which
has become at least partially deactivated by that use,
which comprises substantlally stripping the
deactivated catalyst of carbonaceous deposits using
hydrogen at a linear velocity of at least 15.2

10 ‘cm/second (0.5 feet per second), at a temperature of
from 315 - 400°C (599 - 750°F) and at other conditions
such that substantially complete fegeneration is
'effected, wherein said Stripping is essentially the
only regeneration treatment employed and occurs in the

15 absence of an oxygenation step.

- 2. The method of claim 1 wherein the
temperature is from 315 - 372°C (600 - 700°F),
prefetably about 350°C (662°F).

20
3. The method of claim 1 or 2 wherein the
hydrogen stripping employs a gas comprising an inert
gas, preferably nitrogen,. and from 5 to 10% of
_ hydrogen.
25 |
4. The method of any preceding claim wherein
the catalyst compriseSjpalladium, optionally together
with another metal. |

30 ' 5. The method of claim 4 wherein the palladium
' comprises from 0.01 to 0.5 wt%, preferably from 0.02
to 0.05% of the catalyst.

Iy



sents‘te act|V|ty of the substantially conpletely regen- erated catal yst

after 3‘?? il’l ppi ng according to the 7 invention atﬁﬁgiﬁsm
(662[err ). e bar above "788[err]F H2" represent the (reduce y d
‘the incorm pletely regenerated catal yst after further hydrogen str| p pi ng
outside the scope of the invention at about 420[err]C (788ferriF)—Fe-

3(a) is a graph conparing the acetyl ene con- version actJr\u f the UC

GB8E catal yst of Exanple 3 -when fresh to jhe-activity of ') " iiﬁeﬂl{ep]aced

(subst ant ially ,I I' m

6. The method of any precedihg claim wherein
the catalyst has been used to remove acetylem.c
impurities from ethylene.

5 , 7. The method of claim 6 wherein after
' regenerat:.on the catalyst is used to remove acetylenic
impurities from ethylene and the selectivity of the
catalyst to ethylene is enhanced.

10 8. The method of any preceding claim wvherein
the catalyst compr:.ses a s111ca or alumina support

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\



~conpl &t g,
accordlng

Al

rated) catalyst after it has been hydrogen
present invention at about 30C (662[err]F).

|égﬂg?ﬁ?mls a

-graph conmparing the deativation rate of the fresh and stripped catal yst of
- Exanple 3. Fig. 3(c) is a graph conpas ﬂg/t41e selectivity to eth- yfene of
the fresh and stripped catal yst of Exanple 3. Fi.g. 3(d) is a graph conpg

~the selectivity to ethane of the fresh and stripped catal yst of Exanple 3.

Fig.- 3(e) is agra aring d rbons having four or .
nor o. carbon at ons g?athe fresh §ﬂ§F§ﬁ$§p §h§?$ég’§ﬁg | e 3. DETAILED .
DESCRI PTI ON ‘OF THE | NVENTYI ON Preferably the at- ﬂeast partially deactlvated
(spent)
| 3000+ )\
FID P
SIGNAL - /\\/
2000~ / AFTER H2
i ¥ STRIPPING
/ | (b)
ICXDC)-_ ’//// _
O 1 1 LI 1 ¥ ] 1 1
O 200 400 600 800
SAMPLE TEMPERATURE, °C
IOO-:
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ACETYLENE 807 _
CONVERSION 1 /// %
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205/ / %
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acetyl ewz)ymjomenatlon catal yst is hydrogen stri pped W th f’ ﬁéﬂlﬁsaﬁl
hydrogen and inert gas. \Wen pure hydrogen is not used, t he droge

concentration in such mxtures may be from0.1 to | ess than 100% pref-
erably from5 to 10% Since a stripping gas having only 5-10% of hydrogen
" may be used during the stripping prn§§¢44ahy 4 ow val ue hydrogen source,
preferably w thout carbon nobnoxi de, can be enpl oyed. For exam ple,
hydrogen may be purchased and nixed fresh with an inert gas, or the

hydr ogen may come from anot herUGl i ®@B8operati on. For exanple, the

‘over head effluent froma denetmanHzgﬂggwqggh|qugaggqquout S%[err] in
[err] (normally used as fuel Q_ﬂ_%wa %Snbgql é?érgi._e for hydrogen

It also nay be possible to recycle
100+

- 1 | AFTER 662°F H2
'ACETYLENE 90~ | STRIPPING
CONVERSION, %

o] T
_ A

FIG.3a .

40 T . T T T : i ll 1 - ¥ L !
O 20 40 60 80 100
HOURS ON FEED

100«

- AFTER 662 °F H2
STRIPPED

& c2H2 /A H2,%

FIG.3b

0 20 40 60 80 | 100
HOURS ON FEED
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hydr ogey,

present i nventi on.

In the fol- | ow ng exanples,

Pm%ﬁs al ready: been used to regenerate t hel cat al 3
percentage 0 ydrogen in the gas stripping mxture is not critica

to the
a mxture of inert gas and

around 9- 10% hydrogen was used. Aq? He
e

The nost comonly avail abl e and nos

rt gas may be used in the mxture.
Xxpensive inert gas for use'in the

I nvention is n|trogen

t her ef or e,

nitrogen is a preferred inert gas for use

in the present invention.

SELEC— 100- AFTER 662°F H2 STRIPPING
TIVITY 90 S -
To 80-
ETHYL— )
ENE, 704
%o 60 -
50 -
40+
304
20:
103
-
Ot— T T T 1 ' ! 1
o) 20 40 60 80 100
HOURS ON FEED
F1G.3¢c
SELECTIVITY T FRESH
104 AFTER 662°F H2 STRIPPING
O ] | ] 1 [ 1 - ' 1 l 1 _. 1
o) 20 40 60 80 100
HOURS ON FEED
SUBSTITUTE SHEET  This Sheey Has

mmu:mmmﬂ?il?“" '



<

Al t hadghyplyaségazhowi ng exanpl es of the invention dribe reger&#z%g?,%q

pakt adi um based aceene reduction catal ysts, one of skil

recogni ze that the hydrogen stipping process of the present invention nmay
be used to regenerate other types of cat- alysts that are used to

hydr ogenat e acetyl ene. For exanple thnpgpsent process could be used to
regener- ate acetyl ene hydrogenation catal ysts which contain: Goup Vill
metal s. such as nickel, cobalt, ruthenium palladium and platinum G oup
VIB nmetals, such as chrom um nol ybdenum .and tungsten; or Goup 1B netals,
such as copper, silver, or gold. However, the preferred catalyst for use in
the present invention is a catalyst in which the primary active elenment is
pal | a- ' o g

504
40

SELECTIVITY -
TO C4+, 30

o ’ ] 'FP%SH'
20 -
10 .
o- AFTER 662°F H2 STRIPPING
T T T 1 T LB 1
o) 20 40 6'0 - 8'o IOED

HOURS ON FEED

FIG. 3e
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di um pref er abl y one where pall adi um corrpl ses appr oxi matel 0. 01- 0. 5% by
swei'ght {of the catal yst, nore preferably"0.02-0.05% A pal | a cont ent

hi gher it han about 0.5% coul d deteriorate at the t enper at ures \{Eﬁ in the

pr ocess OPATENTSIRORM(L i nventi on. OpSINGAPORE: he pal | adi um nay e (Rutdined
with another metal, such as si | THE PAINENTSAETV994 netal is typi call carried
on a support such as silica or al UAGE21 ORd9%ri ppi ng procedure of the

i nvention takes place at a tenJSEaPATENSRYLESIS5- 400[err] C

(600- 750 Wmfpfﬁteﬂt%r ably between about 315-372[err]C (600-700[err] F)
and nore ngt  about 350[err]C (662F). In order to avoid

deactivating t he cat al ystmai%ﬂ%]dﬂ it YR A4SF A PATENT

THE GRANT OF A PATENT IS REQUESTED BY THE UNDERSIGNED ON THE
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based gatal yst,

or agglonerting the palladium the tenperature of the

hydr oggn stri ppi ng procedure should not exceed about 400[err]C. The
9 | east 315[err]C to achieve the substantially
conpl ete regeneration which is commercially desirable,

tenperdture should be at

and ot her process

condi‘ti be readilly determ nable to ena- ble this objective to bq
rea“he ig ressure at [which the stripping takes place may not be
criti f qhstrlpplng preferably takes place between atnobsphs
pre;su 2
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2.07 MPag (300 psig), and nore preferably between atnospheric pressure and
7345 kPag (50 psig). Lower cost hydrogen sources having a | ow content of
.hydro- gen typically are nore readily avail able at |ower pres- sures. In
the fol |l ow ng exanpl es, pressures of about 2-07 MPag and at nospheric

pres$sticaidfignéatier SIM|- larly, tiHe tinme period required for strippijng is
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The flow rate of the hydrogen through the catalyst should be such that the
zlinear velocity through the cata- |yst should be at |east about 15.2
cm second (0.5 feet/second). This will ensure uniformty of reactant con-
centrations and tenperatures throughout tho reactor during regeneration. It
has bgegekound that |ower veloc. ities may be insufficient to achie uniform
regeneration of the catalyst. The paraneter of linear velocity is used
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p. '162). The linear velocity also is an inmportant factor in cont¥Mfihg %
heat tanster in the reactor. Furthernore, lin- e vel ocities nmay Hffer

even WherggiNeCEPasSBEEES OCi t §Gre ns K)“e sane. [or REEIME‘M?ST HE e

shal | M L va | inear vellocities thalfl DRgss.0W,.a

beds wbtfg}ﬁ R g\ggvef f%égdoy\{lﬁn deep beds wi ﬁia\kg 2t g%éﬁefg'rfpsvslﬁ&écd..lf.
dr op \wf sha fl@iﬁé&ﬁg: ...... us, it is des| &g speci Ty yert heged .,
line égf Puf)’é,"e(e,(ye ore |,ty 'tthe.reactom’lJﬁTg ‘trgﬂyqd*en o gsged X
pr opgH 0% R SEar e U FOF e pact or - "Paged .M. 10 paged ..

DATE OF RECEIPT
REGENERATION OF ACETYLENE CONVERTER

CATALYSTS BY INDROGEN STRIPPING |REPLACEMENT SHEET

BACKGROUND OF THE INVENTION 0 4 MAR 1997

Field of the Invention

The present invention relates to an improved
method for regenerating catalysts that have been used-
to remove acetylenic contaminants from olefin product
streams. More particularly, the present invention
relates to an improved method for regenerating .
palladium~-containing catalysts that have been used to
remove acetylenic contaminants from ethylene.

Product streams of liquid or liquefiable olefins
and diolefins typically are contamlnated with small
amounts of acetylenic impurities. For example, the
ethylene/ethane fraction in an ethylene plant _
typically contains 0.5 - 2.0% acetylenic impurities.
Such acetylenic contamination is undesirable because
acetylene tends to poison the catalysts that are used

_ to convert ethylene to polyethylene. Acetylene also
,f' can form metal acetylides which are explosive and
which may contaminate the equipment that is used to
pProcess such product streams.

A
-'EHK'

It is known that acetylenic impurities can be
selectively hydrogenated and thereby removed from such
2 product streams by passing the product stream over a
catalyst (an "acetylene hydrogenation catalyst") in
the presence of hydrogen; however, the hydrogenation
Process typically results in the deposition of a green
oil on the catalyst which deactivates the catalyst.

This Sheet Has Been Replaced




It

step,
oxygenati on.
I nvention enable catalyst to be re-used as fresh catal ygt @g{ égg@@
hydr ogen only regenerations of the catalytic netal sites eM
situ in the acetyl ene reduction reactoL‘JQEyertheless it r y—be H"PL'"h e
fromtinme to tine to clean carbonaceous p

is a feature of the invention that substantially com plete regeneration
is achi eved without the need for an additional or associrsted—regenreration
hydro- carbon wash or steamtreat or. partlé

REBEACEMENT SHEET

As shown in Exanple 1 which follows, the pro ess ofr—tThe

eposits fromthe support (as

opposed to the catal yst netal) because hydrogen stri ppi ng—does TIOU TENDVE

al |

of the carbona- ceous deposits fromthe sport. Thus it is possible that

an air burn m@ﬁere esirabl e event é¥°|n 0 der to cl ean

ore, acetylene gena ion processes typically
include an oxygenation step or a "burn" step to remove
the deactivating carbonaceous residues from the
catalyst followed by a hydrogen reduction step to
reactivate the catalyst. See, e.g., US-A-3,812,057

(Morgan) and US-A-4,424,255 (Toyoda). . !

An oxygenation step followed by hydrogen
reduction normally is effective to regenerate an
acetylene hydrogenation catalyst; however, there are
many disadvantages to the use of an oxygenation step
during regeneration of such catalysts.

First, when oxygen and hydrogen come together
under the conditions used to regenerate the catalyst,
an exothermic reaction is produced which may result in
uncontrolled temperature runaway. Thus, before the
regeneration is performed, it is necessary to purge
the catalyst of'hydrogen and hydrocarbons using an
inert gas, such as nitrogen gas, both before and after
the oxygen-containing stream is introduced. The
purging process is both tedious and time consuming.
Furthermore, if the regeneration is performed in situ,
the concentration of oxygen in the regeneration gas
stream must be regulated carefully in order to avoid

‘reactor temperature run-away. It would be

advantageous if acetylene hydrogenation catalysts
could be regenerated using a method which did not
require such time consuming purging and monitoring.

The use of an oxygenation step during
regeneration of an acetylene hydrogenation catalyst
also presents an environmental concern due to the
resulting emission of carbon monoxide, carbon dioxide,
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the support to prevent restriction of flowrate, pressure, etc. However,
the nunber of air bunms that may be enployed to clean the supports_in_such a
systemw || be rmuch I ess than te trequent air buns tha ]%Eﬂfﬁ@ Jf-m
been required to regenera the catalyst. An infre- queptrar+—btHR—t-o—6

t he support wil be nuch | ess intrusive and damagi ng thpn|the frequent,
repetitive air burns required in current catalyst regehefal@ é4Mit 897 Trcﬁ
followi ng exanples -illustrates the inyegtion. EXAWPLE I al i quot of
Gb8B catalyst (Pd/[err]), deacti vated after 200 hours|of use as an

acetyl ene hydrogen- ation catalyst in olefin streamtrestrept—was—si+i-gped
wth 10%[err]/Ar at linear velocity greater than 15.2

an

and unburned hydrocarbons. The hydrocarbon residue
that remains on the catalyst can comprise up to 10 wt$
of the catalyst. The oxygenation of this amount of
residue results in the emission of a substantial
amount of carbon monoxide and carbon dioxide. 1In
addition, the emission during oxygenation may contain
approximately 6-10% of unburned hydrocarbons. It
would be advantageous if acetylene reduction catalysts
could be regenerated in a manner that did not result
in such environmentally undesirable emissions.

Regeneration of acetylene hydrogenation catalysts
using an oxygenation step also is undesirable because
the oxygenation step has a negative impact on the life
of the catalyst. A catalyst that has been used to
hydrogenate acetylene typically must be regenerated
once every one to three months. Acetylene
hydrogenatioh catalysts are heat sensitive, and
exposure to excessive heat decreases the activity of
the catalyst. The oxygenation step that is used in
most regeneration processes typically is run at
temperatures between 371-455°C (700-850°F). The .
exposure of an acetylene hydrogenation catalyst to
such high temperatures at such regular intervals takes
a great toll on the life of the catalyst. It would be
advantageous if the regeneration of such catalysts
could take place at lower temperatures which reduced
the thermal stress induced during the regeneration.

Some of these disadvantages can be avoided if the
catalyst is regenerated ex situ, or outside of the
Feactor. However, the unloading and reloading of the
Ibafﬁor_with the catalyst is a time consuming process.
_3¥§n 1f the regeneration process is performed ex situ,
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cnisec and at a tenperature which rose fron1roon1ten} perature to about

. I
(23.4[err]F/ mn). The carbona- ceous residues on;“ﬁgfﬁ%ﬂéﬂ&
anal yzed both before and after hydrogen stripping b

granmed oxi dation (TPO), which detected carbon oxid
TPO bum whil e the reactor tenper- ature was |inearl\
spectra of the spent catal yst before and after hydrd b
plotted as Figure 1 (a) and (b), respectfvely. Beforle hydrogen stripping,
two types of carbona- B S .

U

t he
PO .

the catalyst still must be purged with an inert gas
both before unloading and after reloadihg the reactor.
Thus, regardless of where the regeneration process
takes place, significant reactor down time is required
if the catalyst is regenerated using a process that
includes an oxidation step.

For all of these reasons, it would be
advantageous if acetylene reducing catalysts could be
regenerated without an oxygenation step. Col. 4,
lines 16-35 of US-A-3,912,789 acknowledges that
partial regeneration can be accomplished using a
hydrogenation step alone. However, this patent
teaches that full regeneration of an exhausted
catalyst requires an oxygenation step. Thereforé, a
process has yet to be developed that can fully
regenerate acetylene reduction catalysts without the
need for an oxygenation step.

Not only is an oxygenation step undesirable, but
any additional step in the regeneration procedure is
undesirable because each step requires a change of
conditions and switch over techniques which can be
deleterious to the performance or longevity of the
regenerated catalyst. For example, GB-1,158,418
teaches a method of regenerating hydrogenation
catalysts comprising a hydrocarbon wash step followed
by a hydrogen treatment. Indeed this patent discusses
an already known method consisting of contacting
hydrogen with the catalyst at an elevated temperature
(p. 1, line 77 - p. 2, line 10), but reports that this
known method was still insufficient to restore
completely the initial activity of the selective
hydrogenation catalyst.

This Sheet Has Been RT

[Ty



ceous residues were present on the catalyst.
represents carbonaceous resi-
near palladium A peak at about 510[err]C (950[err]F) §E£T§611 @?
car bonaceous residues that were present on the support Ryat o
only one peak appeared at 550[err] C (1022[ernr]iF). The presehce

(750[err]F)

stripping,

A peak at about 400[err]C
dues that were present on and/or

 SHEET

S

of only this single peak after hydrogen stripping indi dqatledQt4h&ARt1687
carbonaceous res- idues that were on andLor new the paljl 4di um were re
by the hydrogen stipping. Since acetylené conver si on odc mai nly on

palladiumsites in the cata-

V4§

| yst. the renoval of carbdnaceous residues

fromthe palladiumcan re-expose the palladiumactive sites and recover
substantially all the activity of the palladi um

US-A-2,946,829 discloses a process of making a
Pd/Al505 catalyst for selective hydrogenation, used
with the industry standard method of regeneration,
which uses steam to provide heat to attain the needed
temperature to burn the polymeric deposits off the
catalyst. When a small amount of air is mixed into
the steam (see Example 3, col. 5, 1. 52-55), the
resulting catalyst is relatively free of carbonaceous
deposits. The main function of the hydrogen reduction
step is to reduce the oxidized metal back to its
metallic state. In fact, the hydrogen reduction step
is not even required, as shown in Example 3, col. 5,
l. 65. On day 17, regeneration 6 did nof include a
reductipn step. The catalyst nevertheless was put
back on stream after steam treatment and exhibited
very high activity, i.e., at a space velocity of 2,000
and 150°F, acetylene in the reactor outlet dropped
from an inlet concentration of 0.35% to 1.3 ppm. This
compares.favorably to the results of the first
regeneration, Example 1, which did use a hydrogen
;eduction step after steam treatment =- 5 ppm
acetylene at the reactor outlet at a much lower space
velocity of 1,000 and 130°F.

In addition, US-A-2,946,829 teaches therneed for
Vigorous regeneration in order to remove polymer
depositst Such severe regeneration leads to a loss of
pPhysical strength in the hydrogenation catalyst, or to
impaired activity or selectivity (col. 2, lines .30-
37) . The vigorous step in the disclosure is the step
of burning off the polymer deposits in the presence of

- Steam ~- not the hydrogen reduction step. Thus,gggig_
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The hydrocarbons that are stripped off the catal yst can be elther recycled

.to the ccker or used as fuel gas. EXAMPLE 2 A BASF HO

was subjected for 200 hours to the reaction conditionsj
an olefinic stream, 1.6 [err] nolar ratio, 4000 gas h
(GHSV), 2.07 MPag (300 psig), and about 66[err]C (151]
tenperature. After 200 hours the acetyl ene conversion
decreased from 79%to 58% The spent catal yst was then
hydrogen Stripping for 16 hours with 5% [Berr] at 2.07

greater than 15.2 cmsec linear velocity in the-reacto

Pag (300 psig) anf

alda about

350[err]C (662[err]F). After the hydrogen stripping, the acety-

art teaches that the steam treatment step is essential
to regeneration of a hydrogenatiqn catalyst.

GB-A-~907,348 teaches the partial regeneration of
a nickel catalyst using a hydrogen treatment. |
Although a temperature range of 200-600°C is
mentioned, all of the actual regenerations described
are carried out at temperatures in the range of 204-
250°C. In the Provisional Specification of GB-A-
907,348, temperatures at the lower end of the range
are said to be preferred, particularly 200-300°C.
From the actual experiments of GB-A-907,348,
regeneration at 250°C did not cause recovery of fresh
catalyst activity, and the stability of the
regenerated catalyst was lower except in the
experiment that used the lowest temperature (204°C).
(See Examples 1-3.) The failure to recover the
activity of fresh catalyst is clear because a higher
temperature is required to maintain the same hydrogen
consumption during regeneration (Example 1, 127°C
fresh v. 143°C regenerated; Example 2, 127°C fresh v.
138°C regenerated). And, in Examples 1 and 2 (which
used a regeneratioh temperature of 250°C), the
stability of the regenerated catalyst is lower
(Example 1, fresh catalyst required 152°C after 670
hours v. regenerated catalyst required 166°C after 477
hours; Example 2, fresh catalyst required 127°C after
335 hours v. regenerated catalyst required 138°C after
127 hours). However, in Example 3 (which regenerates .
the catalyst at a temperature of 204°C), although the
activity of the fresh catalyst is not completely
recovered, the stability of the regenerated catalyst
is higher than the stability of the fresh catalyst
(regenerated catalyst required 142°C after 1410 hours,
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| ene conversion of the catalyst was 78% A conpari son 12 of the catal yst
.activity before and after hydrogen strip- ping is plotied in Figure 2. The
results indicate that the hydrogen striping at about Rppgﬁrtgﬂ@gﬁg;)pr F)
substantially fully regenerated the catal yst. The tenperatare gt hg
hydrogen stripping is preferably not too high or efsefthe palladiumwl
begin to agglonerate and will not achieve substantiallyjc IMAR1997
regeneration using only a hydrogen treat7step For ex when_t he |
catalyst was further hydrogen

- {

fresh catalyst required 160°C after 327 hours). Thus
this publication teaches away from the regeneration of
catalysts using hydrogen at temperatures that are
above 250°C.
SUMMARY OF THE INVENTION )

According to the present invention there is
provided a method of substantially completely
regenerating a catalyst that has been used to remove
acetylenic impurities from an olefin stream and which
has become at least partially deactivated by that use,
which comprises substantially stripping the
deactivated catalyst of carbonaceous deposits using
hydrogen at a linear velocity of at least 15.2
cm/second (0.5 feet per second), at a temperature of
from 315 - 400°C (599 - 750°F) and at other conditions
such that substantially complete regeneration is
effected, wherein said stripping is essentially the
only regeneration treatment employed and occurs in the
absence of an oxygenation step.

It is a feature of the invention that acetylene
reduction catalysts can be substantially fully
regenerated by hydrogen stripping, alone, at
relatively low temperatures which are nevertheless
greater than those taught away from in prior art such
as GB-A-907,348. It has also been found that
palladium-containing catalysts that have been used to
Purify ethylene unexpectedly have a better selectivity
to ethylene after they are hydrogen stripped according
to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

1l is a chart showzng the Temperature
gr
Ammed Oxidation (TPO) spectra of the UCI G58B
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stripped at about 420[err]C (788[err]F) for 16 hours, under oth- envise the
.same conditions, the activity of the catal yst was redqﬁgﬁgxg—éag@acengne
conversion - a dramatic decrease in catalyst activity} EﬁﬂﬁﬂﬁﬁﬁﬁﬁT”
UCI Gb58E catalyst (Pd/[err] which had been used for agef{yTene tydr ati

y
tn an ethyl- ene stream was hydrogen stripped at about BSQisﬁaéﬁgﬁgﬁz =
and 1 atnosphere pressure with 9% [err] at linear vel pcity I & eact

of greater than 15.2 cmsec, for 24 hours Th perfornahcke n
stripped catal yst was then conpared td‘t%e‘perforn&ncb of fresh catal yqt at
70 hours into the activity test. The recult are tabul ated 1 e.

paraneters of the activity test

catalyst of Example 1 before (a) énd after (b)
hydrogen stripping.

Fig. 2 is a bar graph comparing the catalyst
activity of the BASF HO0l1ll catalyst of Example 2 before
and after hydrogen stripping. "SOR" under the first
bar in the graph stands for activity at the start of
the run. "“EOR" under the second bar in the graph
stands for activity at the end of the run. The bar
above "662°F H2" represents the activity of the
substantially completely regenerated catalyst after
hydrogen stripping according to the invention at about
350°C (662°F). The bar above "788°F H2" represents the
(reduced) activity of the incompletely regenerated
catalyst after further hydrogen stripping outside the
scope of the invention at about 420°C (788°F).

Fig. 3(a) is a graph comparing the acetylene
conversion activity of the UCI G58E catalyst of
' Example 3 when fresh to the activity of that same
(substantially completely regenerated) catalyst after
it has been hydrogen stripped according to the present
invention at about 350°C (662°F).

Fig. 3(b) is a graph comparing the deactivation
rate of the fresh and stripped catalyst of Example 3.

Fig. 3(c) is a graph comparing the selectivity to
ethylene of the fresh and stripped catalyst of Example
3.

Fig. 3(d) is a graph comparing the selectivity to
ethane of the fresh and stripped catalyst of Example

3. .
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carried out in a nornal hydr ogenati on reactor were 1.4%w [err] 1.2 [err]
yol ar ratio, 4900 GHSV, 2.07 MPag (300 psig), about 102 C (215F) sand- bat h

t emper at ure. 13 TABLE | Fresh [err] Strippedpert] e ey
80% 80% Sel ectivity to [err] 57% 67% Sel ect | A@EME@$H*$§2%
23% Sel ectivity to CA+ 11% 10%
0 4 MAR 1997
-9 -

Fig. 3(e) is a graph comparing the selectivity to
hydrocarbons having four or more carbon atoms of the
fresh and stripped catalyst of Example 3.

DETAILED DESCRIPTION OF THE INVENTION
Preferably the at least partially deactivated

(spent) acetylene hydrogenation catalyst is hydrogen
stripped with a mixture of hydrogen and inert gas.
When pure hydrogen is not used, the hydrogen
concentration in such mixtures may be from 0.1 to less
than 100%, preferably from 5 to 10%. Since a
stripping gas having only 5-10% of hydrogen may be
used during the stripping process, any low value
hydrogen source, preferably without carbon monoxide,
can be employed. For example, hydrogen may be
purchased and mixed fresh with an inert gas, or the
hydrogen maf come from another refining operation.
For example, the overhead effluent from a
demethanizer, which contains about 5% H, in CH,4
(normally used as fuel gas) may be one potential
source for hydrogen. It also may be possible to
recycle hydrogen that has already been used to
regenerate the catalyst.

The percentage of hydrogen in the'gas stripping
mixture is not critical to the present invention. In
the following examples, a mixture of inert gas and
around 9-10% hydrogen was used. Any inert gas may be
used in the mixture. The most commonly available and
most inexpensive inert gas for use in the invention is
nitrogen; therefore, nitrogen is a preferred inert gas

’for use in the present invention. I —
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L he spent

1
EA e _
unexpectedly had a selectivity to ethylene that was 1 .nggmgmﬂlg 't
the selectivity of the fresh catalyst. Also, the etha n?{e was
ult 43R 4997s |
U

Deactvation Rate -0.1% hr -0.2% hr As seen from Ta
catal yst whi ch had been hydrogen stripped according t QRER

substantially reduced after hydrogen stripping. This
"de-edg- ing" proce may have occurred which reduced tp nber of pal
sites responsi ble for over hydro- genating acetyl ene/ ethyl ene to ethang.
Af t hough the ‘deactivation rate was hi ghe}9fdr the hydrogep—st+ipped |
catal yst, the deactivation rate can be overcone by nore frequent hydrogen
stripping. Even if nore frequent hydrogen stripping is required to regen-

e
e
e

Although the following examples of the invention
describe regeneration of palladium based acetylene
reduction catalysts, one of skill in the art will
recognize that the hydrogen stripping process of the
present invention may be used to regenerate other
types of catalysts that are used to hydrogenate acety-
lene. For example.the present process could be used
to regenerate acetylene hydrogenation catalysts which
contain: Group VIII metals, such as nickel, cobalt,
ruthenium, palladium, and platinum; Group VIB metals,
such as chrémium, molybdenum, and tungsten; or Group
IB metals, such as copper, silver,.or gold. However,
the preferred catalyst for use in the present
invention is a catalyst in which the primary active
element is palladium, preferably one where palladium
comprises approximately 0.01-0.5% by weight of the
catalyst, more preferably 0.02-0.05%. A palladium
content higher than about 0.5% could deteriorate at
the temperatures used in the process of the present
invention. Optionally the palladium may be combined
with another metal, such as silver.

The catalyst metal is typically carried on a
support such as silica or alumina.

The stripping procedure of the invention takes
place at a temperature of from 315-400°C (600-750°F),
preferably between about 315-372°C (600-700°F), and
more preferably at about 350°C (662°F). 1In order to
avoid deactivating the.catalyst, especially a
palladium based catalyst, or agglomerating the
palladium, the temperature of the hydrogen stripping
procedure should not exceed about 400°C. The
temperature should be at least 315°C to achieve the
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orate catal yst, the present proce may be less tinme consum ng and | ess
damaging to the catalyst than fre- quent air buns or other additional
treat ment steps. 14 Cdains 1. A nethod of substanti
regenerating a catal yst that has been used to renpve ac
froman olefin streamand which has becone at | east
by that use, which conprises substantially stripping the d??ﬁtﬂA

cat al yst of carbonaceous deposits using
. =11 -

substantially complete regeneration which is
commercially desirable, and other process conditions
will be readily determinable to enable this objective
to be reached.

The pressure at which the stripping takes place
may not be critical; however, the stripping preferably
takes place between atmospheric pressure (0 psig) and
2.07 MPag (300 psig), and more preferably between
atmospheric pressure and 345 kPag (50 psig). Lower
cost hydrogen sources having a low content of hydrogen
typically are more readily available at lower
pressures. In the following examples, pressures of
about 2.07 MPag and atmdspheric pressure were used.
Similarly, the time period required for stripping is
not critical, save it should be sufficient to achieve
substantially complete regeneration. One of skill in
the art will recognize that the amount of time needed
for the stripping procedure can be determined by
monitoring the amount of hydrocarbon present in the
catalyst until a minimum plateau level has been
achieved. In the following examples, the stripping
time ranged between 16-24 hrs.

The flow rate of the hydrogen through the
catalyst should be such that the linear velocity
through the catalyst should be at least about 15.2
cm/second (0.5 feet/second). This will ensure
uniformity of reactant concentrations and temperatures
throughout the reactor during regeneration. It has
been found that lower velocities may be insufficient

- to achieve uniform regeneration of the catalyst. The
Parameter of linear velocity is used herein rather

than, e.qg., space velocity because linear velocity
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hydrogen at a linear velocity of at least 15.2 cmsec- and (0.5 feet per
.second). at a tenperature of from 315 - 400[err]0 (599 - 750[err]F) and at
ot her conditions such that substantially conplete regefipts e ect ed.
wherein said stripping is esentially the only regenerg : :
enpl oyed and occurs in the absence of an oxygenation 4 =
claim1 wherein the tenperature is from315 - 372C(60-d r1F,
preferably about 350[err]C (6624F). 3. The nmethod of Elpaim Bomhef el n
t he hydrogen stripping enploys a gas cod@rising an inve &3 greferaqu
nitrogen, and from5 to 10% of hydrogen. 4. The neft hdd_of any precedfn
dai m wherein the ' v..whh_?

R

commonly is used to calculate dispersion and mixing
phenomena in packed beds. For example, the axial and
radial dispersion of reactant concentration are
estimated by calculating Peclet numbers (James
Carberry, "Chemical and Catalytic Reaction
Engineering", p. 162). The linear velocity also is an
important factor in controlling heat transfer in the
reactor. Furthermore, linear velocities may differ
even where the space velocity remains the same. For
example, wide and shallow beds will have lower linear
velocities than narrow and deep beds will have.
However, narrow and deep beds will have a higher
pressure drop than wide and shallow beds. Thus, it is
desirable to specify either linear velocity or space
velocity with the reactor L/D ratio to ensure proper
design or scale up of the reactor..

It is a feature of the invention that

. substantially complete regeneration is achieved
without the need for an additional or associated
regeneration step, e.g., hydrocarbon wash or steam
treat or, particularly, oxygenation. As shown in
Example 1 which follows, the process of the invention
enables catalyst to be re-used as fresh catalyst after
regular hydrogen only regenerations of the catalytic
metal sites, preferably in situ in the acetylene
reduction reactor. Nevertheless it may be desirable
from time to time to clean carbonaceous deposits from
the support (as opposed to the catalyst metal) because
hydrogen stripping does not remove all of the
carbonaceous deposits from the support. Thus it is
possible that an air burn may be desirable eventually
in order to clean the support to prevent restriction

of flow rate, pressure, etc. However, the number of
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catal yst conprises palladium optionally together with another metal. 5.%

The nmethod of claim4 wherein the palladiumcom priF T A .5
w % preferably fromO0.02 to 0.05% of the catal yslto. . B %msfmtny
preceding clai mwherein the catalyst has been used tp fenpve acetyl gnijc
impu- rities from ethylene. 15 7. The nethod of c{ aj m(64 WMKR 97 af tler
regeneration the catalyst i-s used to renove acetylen|clinpurities

- 13 -

air burns that may be employed to clean the supports
in such a system will be much less than the frequent
air burns that heretofore have been required to
regenerate the catalyst. An infrequent air burn to
clean the support will be much less intrusive and
damaging than the frequent, repetitive air burns
required in current catalyst regeneration processes.

The following examples illustrates the invention.

o EXAMPLE 1

An aliquot of UCI G58B catalyst (Pd/Al;03),
deactivated after 200 hours of use as an acetylene
hydrogenation catalyst in olefin stream treatment, was
stripped with 10% Hy/Ar at linear velocity greater
than 15.2 cm/sec and at a temperature which rose from
room temperature to about 750°C (1382°F) at a heating
rate of about 13 degrees C/min (23.4°F/min). The
carbonaceous residues on the catalyst were analyzed
both before and after hydrogen stripping by
temperature programmed oxidation (TPO), which detected
carbon oxide emission during the TPO burn while the
reactor temperature was linearly increased. The TPO
spectra of the spent catalyst before and after
hydrogen stripping were plotted as Figure 1(a) and
(b), respectively.

Before hydrogen stripping, two types of
carbonaceous residues were present on the catalyst. A
peak at about 400°C (750°F) represents carbonaceous
residues that were present on and/or near palladium.

A peak at about 510°C (950°F) represents carbonaceous
residues that were present on the support. After

hydrogen stripping, only one peak appeared EE/§§QZ;,,,,,/,,,,,
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froﬁ1ethy|ene and the selectivity of the catalyst to ethylene is enhanced.
8. The nethod of any preceding claimwherein the catal yst conprises a
silica or alum na support. - 16 - REGENERATI ON OF ACETYLENE CONVERTER

CATALYSTS BY HYDROGEN STRI PPI NG ABSTRACT An i nproved ne

regenerating acetyl ene hydrogenati on catal ysts, particu EIE?LA(‘{EMEN@ SHEET

based catal ysts which have been used to renove acetyl enfc| contam nants Jf rjom

- 14 - ) 0 4 MAR 1997

(1022°F). The presence of only this single peak after
hydrogen stripping indicated that the carbonaceous
residues that were on and/or near the palladium were
removed by the hydrogen stripping. Since acetylene
conversion occurs mainly on palladium sites in the
catalyst, the removal of carbonaceous residues from
the palladium can re-expose the palladium active sites
and recover substantially all the activity of the
palladium. The hydrocarbons that are stripped off the
catalyst can be either recycled to the cracker or used
as fuel gas. '

EXAMPLE 2

A BASF HO11 catalyst (P4/Si0O,) was subjected for
200 hours to the reaction conditions of 1.5% wt CoHj
(in an olefinic stream), 1.6 Hy/C3H; molar ratio, 4000
gas hourly space velocity (GHSV), 2.07 MPag (300
psig), and about 66°C (151°F) average bed temperature.
After 200 hours, the acetylene conversion of the '
catalyst decreased from 79% to 58%. The spent
catalyst was then regenerated by hydrogen stripping
for 16 hours with 5% Hy/N; at 2.07 MPag (300 psig) and
greater than 15.2 cm/sec linear velocity in the
reactor, and about 350°C (662°F). After the hydrogen
stripping, the acetylene conversion of the catalyst
was 78%. A comparison of the catalyst activity before
and after hydrogen stripping is plotted in Figure 2.
The results indicate that the hydrogen stripping at
about 350°C (662°Fj substantially fully regenerated
the catalyst. '

The temperature used during hydrogen stripping is -
preferably not too high or else the palladium will

begin to agglomerate and will not achieve |
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et hyl ene, which nethod does not require an oxygenation or other
pretreatment step, conprises stripping the spent catal yst M

315-400 [err]C and a |inear hydrogen containing gas vel oci
15.2 cnml second, to achieve substantially conplete regenerd
Descri pti on BACKGROUND OF THE | NVENTI ON 29 OCT 19
I nvention The present invention relates to an inproved neth

regenerating catal ysts that have been used to remove acet
contam nants from ol efin prduct - 15

substantially complete regeneration using only a
hydrogen treat step. For example, when the catalyst
was further hydrogen stripped at about 420°C (788°F)
for 16 hours, under otherwise the same conditions, the
activity of the catalyst was reduced to 62% acetylene
conversion -- a dramatic decrease in catalyst
activity.

- EXAMPLE 3

A spent UCI GS58E catalyst (Pd/Ag/Al,03) which had
been used for acetylene hydrogenation in an ethylene
stream was hydrogen stripped at about 350°C (662°F)
and 1 atmosphere pressure with 9% Hy/N, at linear
velocity in the reactor of greater than 15.2 cm/sec,
for 24 hours. The performance of the hydrogen
stripped catalyst was then compared to the performance
of fresh catalyst at 70 hours into the activity test.
The results are tabulated in Table I. The parameters
of the activity test carried out in a normal
hydrogenation reactor were 1.4% wt CyHp, 1.2 Hp/CzHp
molar ratio, 4900 GHSV, 2.07 MPag (300 psig), about
102°C (215°F) sand-bath temperature.

TABLE I
Fresh Hp_Strippe
C,H, Conversion ~ 80% 80%
Selectivity to C,Hg 57% 67%
Selectivity to CjHg 32% 23%
Selectivity to C4+ 11% 10%
Deactivation Rate -0.1%/hr =0.2%/hr
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st eans. Nbre'particularly, the present invention relates to an i nproved

.method for regenerating pall adiumcon- taining catal yqt

used to renove acety- lenic contam nants from et hyl ene
liquid or Iiquefiable olefins and diolefins typically
smal | amounts of acetylenic inpurities. For- exarple.

fraction in an ethylene plant typically con- tains 0.5

bl

i mpurities. Such acetylenic contaninatlog I's undesir3
tends to poison the catalysts that are us 8 To convert

M&E féLfS'JEj of

arle cont am nat e
t e

et hyl ene to

2. OwMaceter I €

ylene

pol yet hyl ene, Acetylene atso can form netal acetylides.which are expl osive

and which nmay contam - nate the equi pnment that is used to process such

pr oduct

As seen from Table I, the spent catalyst which
had been hydrogen stripped according to the invention
unexpectedly had a selectivity to ethylene that was 10
points better than the selectivity of the fresh )
catalyst. Also, the ethane make was substantially

‘reduced after hydrogen stripping. This result

suggests that a "de-edging" process may have occurred
which reduced the number of palladium sites
responsible for over hydrogenating acetylene/ethylene
to ethane.

Although the deactivation rate was higher for the
hydrogen stripped catalyst, the deactivation rate can
be overcome by more frequent hydrogen stripping. Even
if more frequent hydrogen stripping is required to
regenerate catalyst, the present process may be less
time consuming and less damagihg to the catalyst than
frequent air burns or other additional treatment
steps.
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streans. It is known hat acetylenic inpurities can be selec- tively
hydr ogenat ed and t hereby renoved fr ch a product stre ' t he
product stream over _,QaLa#VST’(’//DnLSUyIene hydr ogenat i ‘
the presence of hydrogen; ““ wydrogenatlon proc EEPBA@EMEN SHBET
results in the depomh““\“\ u on the catal yst ch deactlvate
the catalyst. There-.f ye acet y"l efle _hydrogenation procgs sed 4tw 7y
i ncl ude an oxygenati on step or a "burn® Lep to renove th activating
car bonaceous residues fromthe cata- Iys? foll owed by a hydrogen reduction

step to reactivate the catalyst See, .9., US-A-3,812, 057
US- A- 4, 424, 255 (Toyoda) .

CLAIMS:

1. A method of substantially completely
regenerating a catalyst that has been used to remove
acetylenic impurities from an olefin stream and which
has become at least partially deactivated by that use,
which comprises substantially stripping the
deactivated catalyst of carbonaceous deposits using
hydrogen at a linear velocity of at least 15.2
cm/second (0.5 feet per second), at a temperature of
from 315 - 400°C (599 - 750°F) and at other conditions
such that substantially complete regeneration is
effected, wherein said stripping is essentially the
only regeneration treatment employed and occurs in the
absence of an oxygenation step.

2. The method of claim 1 wherein the
temperature is from 315 - 372°C (600 - 700°F),
preferably about 350°C (662°F).

3. The method of claim 1 or 2 wherein the
hydrogen stripping employs a gas comprising an inert
gas, preferably nitrogen, and from 5 to 10% of
hydrogen.

4. The method of any preceding claim wherein
the catalyst comprises palladium, optionally together
with another metal.

5. The method of claim 4 wherein the palladium
comprises from 0.01 to 0.5 wt%, preferably from 0.02

to 0.05% of the catalyst.
-
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2 An oxygenation step followed by hydrogen reduc tion normally is effective
to regenerate an acetyl ene hydrogenaton catal yst: however, there_are many
di sad- vantages to the use of an oxygenaton step during re REEE@@ SHEET
such catal ysts. First, when oxygen and hydrogen cone toget he
conditions used to regenerate the catalyst, an exothermc fe
produced which may result in uncontrolled tenperature runa
the regeneration is perforned, it is necessary to purge th

6. The method of any preceding claim wherein
the catalyst has been used to remove acetylenic
impurities from ethylene.

7. The method of claim 6 wherein after
regeneration the catalyst is used to remove acetylenic
impurities from ethylene and the selectivity of the
catalyst to ethylene is enhanced.

8. The method of any preceding claim wherein
the catalyst comprises a silica or alumina support.

S
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cafalyst of hydrogen and hydrocarbons using an inert gas, _such as nitrogen
.gas, both before and after the oxyen-containing stream i SipupR@s SH”"T' '

purgi ng procss is both tedious and tinme consum ng. Furth
regeneration is performed in situ, the con- centration off gxygen in the
regeneraton gas stream nust be regulated carefully in orger SthMARdWQ7
reactor tenperature run-away. It woul d be advant ageous i |adetyl ene _
hydrogenation catal ysts could be regeir -~ ated using a nmgthod which dr a7
requre such i'me consum ng purging and nonitoring. The us |
step during regeneratlon of an acetylene hydrogenatlon catalyst al so
presents an enviREGENERATIONNOE THBLEN R ]

BY HYDROGEN STRIPPING

ABSTRACT

An improved method for regenerating acetylene hydrogenation
catalysts, particularly palladium based catalysts which
have been used to remove acetylenic contaminants £rom

- ethylene, which method does not require an oxygenation or
other pretreatment step, comprises stripping the spent
catalyst with hydrogen at 315-400 °C and a linear hydrogen-
containing gas velocityhof at least 15.2 cm/second, to
achieve substantially complete regeneration.

I
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carbon nonoxi de, carbon di oxi de, and unburned hydro- carbons. The
hydrocarbon residue that remains on the catal yst can conprise_up to 10 w %
of the catalyst. The oxygenation of this amount ot residue r NG
enssion of a Substantial anmount of carbon rnonoxi de and car bpn fgé&li NTﬁﬂJEET
addition, the em ssion during oxygenation may contain approx|nptely 6-10%
of unburned hydrocarbons. It woul d be advantageous it acetyl pnp GedMAR ®87
catal ysts could be regenerated in a mardher that did. not resujtiin such
envi ronnment al |y undesirabl e eni ssions. Regeneration of acety]ene

hydr ogenati on cat al yDOQigi ng an é)égwgt P9 SPERIPPING #Indgs.._;_ahl e

because the oxygenation stlep has a negative |npac{ on the fe of
' \
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3 the catalyst. A catalyst that has been used to hydrogen- ate acetyl ene

typically nust be regenerated once every one to three no =
hydr ogenati on catal ysts are heat sensitive, and exposure m&%@mgﬁg&i
decreases the activity of the catal yst. The oxygenation gtgp that 1s use
I n nost regeneration processes typi- cally is run at teny eratglqeﬂAhqgwee
371-455[err] C (700- 850F). The exposure_of an acetylene hy rogenatlon

catal yst to such high tenperatures at™ sfich regul ar inter4 vafFrs-takes—a—
great toll on the life of the catalyst It would

UCl G58E
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be advant ageous if the regeneration of such catal ysts coul

{ake place at

I ower tenperatures which reduced the thermal stress induced
regeneration. Sonme of these di sadvantages can be avoided if
regenerated ex situ, or outside of the reactor. However,
rel oading of the reactor with the catalyst is a time consurn
Even if the regeneration process is perforned ex situ, the
must be purged with an inert gas both before unl oadi ng and

t he
11
cd

the reactor. Thus, regard- |ess of where the regeneration

LACYMENT SHEET
unloadlng and

g BrbMAR997
ta- |lyst still

I'\‘afte-r r el oadi ng
Hocess—takes

pl ace, sig- nificant reactor down tinme is required if the catalyst is
regenerated using a process that includes an oxidation step.
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For all of these reasons, it would be advantageous if acetylene reducing
catal ysts could be regenerated w thout an oxygenation step. Col. 4, |ines
16-35 of US- A-3.912, 789 acknowedges that partial regeneration can be
acconpl.i shed using a hydrogenati on step al one. However, t kE.,p,aLent teaches
that full regeneration of an exhausted catal yst requires 2
step. .Therefore, a process has yet to be devel oped that can ?%?@ENEW} Sfm’-‘
regenerate acetyl ene reduction catal ysts w thout the need|fpr 0a
oxygenation step. Not only is an oxygegation step undesirpb| e’ SINARIH7
additional step in the regeneration procedure is undesiraple_hecause eac
step requires a change of conditions and switch over techhi ques which can
be del -
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4 et'erious to the performance or longevity of the regener- ated catal yst
for exanple, GB-1.158.418 teaches a nethod of regenerating hydrogenation
catal ysts con- prising a hydrocarbon wash step followed by a hydrogen
treatment. Indeed this patent discussess an already known method consisting
of contacting hydrogen with the catalyst at an el evated tenperature (p. 1
line 77 - p. 2, line 10), but reports that this known nethod was stil
insufficient to restore conpletely the initial activity of the selective
hydr ogenati on catal yst REGENERATION OF ACETYLENE CONVERTER :

- CATALYSTS BY HYDROGEN STRIPPING

Description
BACKGROUND OF THE INVENTION
jeld of the |

_ The present invention relates to an improved
. method for regenerating catalysts that have been used
to remave acetylenic contaminants from olefin product
streams. More particularly, the presant invention relates
to an improved method for regenerating pailadium-con-
taining catalysis that have been used to remove acety-
lenic contaminants from ethylene.
Product streaams of liquid or liquefiable oiefins and
dicletins typically are contaminated with small amounts
of acetylenic impuriies. For example, the ethyl-
ene/ethane fraction in an ethylene plant typically con-
tains 0.5 - 2.0% acetylenic impurities. Such acetylenic
contamination is undesirable because acetylene tends
to poisan the cafalysts that are used to convert ethylane
: to palyethylene. Acetylene also can form metal
L acetylides which are explosive and which may contami-

nate the equipment that is used to procass such product

streams. |

it is known that acetylenic impurities can be sslec-

tivaly hydrogenated and thereby removed fram such &

product streams by passing the product siream over a

catalyst (an "acetylene hydrogenation catalyst”) in the

presence of hydrogen; however, the hydrogenation

process typically results in the deposition of a green oil

on the catalyst which deaclivates the catalyst There-

fore, acstylene hydrogenation processes typically

include an oxygenation stap or a "bum-” step to remove

the deactivating carbonaceous rasiduas from the cata-

lyst followed by a hydrogen reduction step to reactivate

the catalyst. See, ¢.g., US-A-3,812,057 (Morgan) and

US-A-4,424,255 (Toyoda).



US- A-2, 946, 829 discl oses a process of making a Fd/[err] catalyst for
gel ecti ve hydrogenation, used with the industry standard nethod of
regeneration, which uses steamto provide heat to attain the needed tenper-
ature to bumthe polyneric deposits off the catalyst Wien a small anount of
air is mxed into the steam (see Exanple 3, col. 5, 1. 52-55). the
resulting catalyst is rel- atively free o2 carbonaceous deposits. The main
func- tion of hydr ogen reduction step is to reduce the oxidized netal
back to its netallic state. In fact the hydrogen reduction step is not even
requi red, as shown |n Exdrploxygenalion step follwdad by hiedrogdn redgeneration 6
did not include a rediiofi morradipis ERctR by Fdgdrerale Ber akagferts put back
on stream after steanddldiRbnWflalyst: hawever, there are many disad- -
vantages to the usa of an oxygenation step during
regeneration of such catalysts. ' -
First, when oxygen and hydrogen come together
under the conditions used to regenerate the catalyst, an
exothermic reaction is produced which may result in
uncantrolled temperature runaway. Thus, befors the
: regeneration is performed, it is necessary to purge the
N2 catalyst of hydrogen and hydrocarbons using an inert
gas, such as nirogen gas, both before and after the
axygen-containing straam is infroduced. Tha purging
process is bath tedious and tima consuming. Further-
more, if the regeneration is performed in situ, the con-
~ centration of oxygen in the regeneration gas stream
- must be regulated carefully in order fo avoid reactor
temperature run-away. it would be advantageous if
acetylene hydrogenation catalysts could be regener-
ated using a method which did not require such time
consuming purging and monitoring.

The use of an axygenation step during regeneration
of an acetylene hydrogenation catalyst also presents an
. - environmental concem due to the resulting emission of -
~ carbon monoxide, carbon dicxide, and unburned hydro-
' carbons. The hydrocarbon residue that remains on the
catalyst can comprisa up to 10 wits of the catalyst. The
oxygenation of this amount of residue results in the
emission of a substantial amount of carthon monoxide
and carbon dioxide. {n addition, “the emission during
oxygenation may contain approximatsly 6-10% of
unburned hydrocarbons. it would be advantageous it
acetylene reduction catalysts could be regeneratedina
manner that did not result in such environmantally
undesirable emissions. .
Regeneration of acatylene hydrogenation catalysts
using an oxygenation step also is undesirable because
the oxygenation step has a negative impact on the life of



exhi bited very high activity i.e., at a space velocity of 2,000 and
66[err]C (150[err]F), acetylene in the reactor outlet dropped froman inlet
concentration df 0.35%to 1.3 ppm This conpares favrably to the results of
the frst regeneration, Exanple 1, which did use a hydrogen reduction step
after steamtreatnent -- 5 ppn1acety|ene at the reactor outlet at a nuch

| ower space velocity of 1000 and 54[err](§(130[err]F) I n addition,

US- A- 2, 946829 teaches the need for vigorous regeneration in order to renove

pol ymer deposits. Suhl cag stepr@aaw #Hdthad @e@huhedaolhmoqén-phySI cal
strength, in the hycgta QEBRQ stgr b{,g y or
sel ectvity (col. €S E oro stgg?ebﬁ tgj?al closure is
the step of burni ng Y&to thfae nths. CGW ne hydrage al
are heat sensitive, and exposure to excessive heat
decreases the aclivity of the catalyst. The oxygenation
step that is usaed in most regeneration procassas typi-
_cally is run at temperaturas between 371-455°C (700-
850°F). The exposure of an acstylene hydrogenation
catalyst to such high temperatures at such regular inter-
vals takes a great toll on the life of the catalyst it would
be advantageous if the regensration of such catalysis
could take place at fower temperatures which reducad
the thermal siress induced during the regeneration.
Some of these disadvantages can be avoidad if the
catalyst is regenerated ex situ, or oufside of the reactor, -
However, the unloading and releading of the reactor
with the catalyst is a time consuming process. Even if
the regeneration process is performed exX situ, the cata-
lyst still must be purged with an inert gas both balore
unloading and after reloading the reactor. Thus, regard-
less of where the regeneration process takes placs, sig-
nificant reactor down fime is required if the catalyst is
regenerated using a process that includes an oxidstion
step.
- | For all of these reasons, it would be advantageous
~ if acetylene reducing catalysts could be regenerated
without an oxygenation step. Cal. 4, lines 16-36 of US- .
- A-3,.912,789 acknowledges that partial regenerafion
can be accomplished using a hydrogenation step alone.
However, this patent teaches that full regeneration ot an
exhausted catalyst requires an axygenation step.
Therefore, a procass has yet 16 be developed that can
fully regenerate acetylene reduction catalysts without
the need for an oxygenation step.

- Not only is an oxygenation step undesirable, but
any additional step in the regeneration procedure is
undesirable because each step requires a change of
conditions and switch aver techniques which ¢can ba dei-



t he pol yner deposits in the presence of steam - not the hydrogen reduction
step. Thus, this art teaches that the steamtreatnent step is essential to
regenerati on of a hydrogenation catal yst GA-907, 348 teaches the parti al
regeneration of a nickel catalyst using a hydrogen treatnent Although a
tenperature range of 200-600C is nentioned. all of the actual regenerations
described are carried out at tem peraturés in the range of 204-250[err]C.
In the Provisional SpeC|f|at|on of GB-A-907, 348, tenperatures at the | ower

d of t d.t ECIRaC
end of te range are said.to b b th%rer?or%eaﬁcepgrrltongewfydthe ragener-

ated catalyst. For exampla, GB-1,158,418 teaches a
method of regenerating hydrogenation catalysts com-
prising a hydrecarbon wash step followed by a hydrogen
treatment. Indeed this patent discusses an already
known method consisting of contacting hydrogen with
the catalyst at an elevated temperature (p. 1. line 77 - p.
2, lina 10), but reparts that this known msthod was still
insufficient to restore completely the initial activity of the
salaclive hydrogenation catalyst.

US-A-2,946,829 discloses a process of making a
Pd/AlLO4 catalyst for selective hydrogenation, used with

* the industry standard mathod of regeneration, which
uses stsam fo provide heat to attain the needed temper-
ature to bumn the polymeric deposits oif the catalyst
When a small amount of air is mixed into the steam (see

Exampla 3, col. 5, 1. §2-55), the rasulting catalyst is rei-
atively free of carbonaceous depesits. The main func-
tion of the hydrogen reduction siep is to reduce the
oxidized metal back fo its metallic state. In fact, the
hydrogen reduction step is not even reqired, as shown
in Example 3, ¢dl. 5, 1. 65, On day 17, regeneration 8
did not include a raduction step. The catalyst neverthe-

less was put back on stream after steam treatment and
exhibited very high acfivity, i.e., at a space velocity of
2,000 and 66°C (150°F), acetylene in the reactor outlet
dropped from an inlet concentration of 0.35% to 1.3
ppm. This compares favorably to the results of the first
regeneration, Example 1, which did use a hydrogen
reduction step after steam treaiment -- 5 ppm acetylene
at the reactor outlet at @ much lower space velocity of
1,000 and 54°C (130°F).

In addifion, US-A-2,946,829 teaches the need for
vigorous reganeration in order to remova polymer
deposits. Such severa regeneration leads to a loss of
physical strength, in the hydrogenation catalyst, or to
impaired activity or selectivity (col. 2, lines 30-37). The
vigorous step in the disclosure is the step of burning off



larly 200-300[err]C. Fromthe actual experinents of GB-A- 907, 348,
rregeneration at 250[err]C did not cause recovery of fresh catal yst
activity, and the stability of the regener- ated catal yst was | ower except
in the experinent that used the | owest tenperature (204[err]C). (See
Exanpl es 1-3.) The failure to recover the activity of fresh catalyst is

cl ear becausa a higher tenperature is reqGired to mainin the sanme hydrogen
consunption during regeneration (Exanple 1, 127[err]C fresh v. 143[err]C

r n- er ; Ex I -C, fr Y r rated) . in
Eﬁg?'rm oo I Sg’d 2 ?\Thpu @1?2%‘%‘%‘7@5% i Hﬂm%ﬁ%re ﬁjﬁgﬂ% "‘ﬁ(%j%r r10), the
stability of the regchednogen SteR Thie thisiardiga@ies hatdhi® cat al yst
required 152C after 6§leahwdreatmentesiepds Fssentiall t yegenagtioneasf a

hydregenation catalyst

GB-A-907,348 teaches tha partial regeneration of a

nickel catalyst using a hydrogen treatment. Although a

temperature range of 200-600°C is mentioned, all of the

aciual regenerations described are carried out at tem-

peratures in the range of 204-250°C. In the Provisional

Specification of GB-A-907,348, temperatures at the

\ lower end of the range are said to be preferred, particu-
larly 200-300°C. From the actual experiments of GB-A-
907,348, regeneration at 250°C did not causs recovery
of fresh catalyst activity, and the stability of the regener-

- ated catalyst was lower except in the experiment that
used the lowest tamperature (204°C). (See Examples
1-3.) The failura to recover the activity of fresh catalyst
is clear bacause a higher temperature is required to
maintain the same hydrogen consumption during
regeneratfion {(Example 1, 127°C fresh v. 143°C regen-
erated; Example 2, 127°C fresh v, 138°C regenerated).

- And, in Examples 1 and 2 {which used a regeneration .
temperature of 250°C), the stabllity of the reganerated
catalyst is lower (Example 1, fresh catalyst required
152°C after 670 hours v. regenerated catalyst required
1856°C after 477 hours; Example 2, fresh catalyst
required 127°C after 335 hours v. regenarated catalyst
required 138°C after 127 hours). Howaver, in Exampla 3
{which regenerates the catalyst at a temperature of
204°C), although the activity of the {resh catalyst is nat
completaly recovered, the stability of the regeneratsd
catalyst is higher than tha stability of the fresh catalyst
(regenerated catalyst required 142*C after 1410 hours,
frash catalyst required 160°C after 327 hours). Thus
this publication teaches away from the regeneration of
catalysts using hydrogen at temperatures that are

- above 250°C.



166C after 477 hours; Exanple 2, fresh catalyst required 127[err]C after
335 hours v. regenerated catalyst required 138[err]C after 127 hours).
However, in Exanple 3 (which regenerates the catal yst at a tenperature of
204' C). although the activity of the fresh catalyst is not conpletely
recovered, the stability of the regenerated catalyst is higher than the
stability of the fresh catal yst (regenerated catal yst required 142[err]C
after 1410 hours, fresh catalyst required 160[err]C after 327 hours). Thus

this publication teaches away fromthe regeneration of catalysts using
hydrogen at tenper at UWEM_F N

According to the present invention there is provided
a method of substantially completely regenerating a cat-
alyst that has been used to remove acetylenic impurities
from an clefin stream and which has become at least
partially deactivated by that use, which comprises sub-
stantially stripping the deactivated catalyst of carbana-
cecus deposits using hydrogen at a linear velocity of at
least 15.2 cmvsecond (0.5 feet per second), at a temper-
ature of from 315 - 400°C (599 - 750°F) and at other
conditions such that substantially complete regenera-
tion is effected, wherein said siripping is essentially the
only regeneration treatment employed and occurs in the
absenca of an oxygenation step. '

it is a feature of the invention that acstylene reduc-
tion catalysis can be substantially fully regenerated by
hydrogen stripping, alane, at relatively low temperatures
which are nevertheless greater than those taught away
from in prior art such as GB-A-907,348, It has also baen
found that palladium-containing catalysts that have
been used to purify ethylene unaxpeoctedly have a bettor
selectivity to ethylens after they are hydrogen stripped
according to the present invention,

BRIEF DESCRIPTION OF THE DRAWINGS -

cC

C C

Fig. 1 is a chart showing the Temperature Pro-
grammed Oxidation (TPO) spectra of the UCt G588 cat-
alyst of Example 1 before (a} and after (b) hydrogen
stripping.

Fig. 2is a bar graph comparing the catalyst activity
of the BASF HO11 catalyst of Example 2 befora and
after hydrogen stripping. "SOR" under the first bar in the
graph stands for activity at the start of the run, "EOR"
under the secand bar in the graph stands for activity at
the end of the run. The bar above "662°F H2" repre-
sants the activity of the substantially completely regen-
erated catalyst after hydrogen stripping acoording to the



SUMVARY OF THE | NVENTI ON According to the present invention there is
provided a nethod of substantially conpletely regenerating a cat- alyst

t hat has been used to renove acetylenic inpurities froman olefin stream
and which has becone at |east partially deactivated by that use, which
conprises sub- stantially stripping the deactivated catal yst of carbona-
ceous deposits using hydrogen at a |linear 7velocity of at |east 15.2

cm second (0.5 feetpersegond),, at a t er- _ature of from31S - 400[err]C
(599 - 750[err]F) anfvericn ababewE0! %@E}smmaﬂﬁl‘ﬁlly conpl et e

regenera- tion is ef HEL t reghrasdrds cthe g@dd.cgay igutvitg of tegdnodmal |y te only
regeneration treat nelptélyPequfdtafilfictal/it SrthPrdtir hydrogen strip- :
ping outside the scope of the invention at about 420°C
(788°F).

Fig. 3(a) is a graph comparing the acetylene con-
vergion activity of the UC| GSBE catalyst of Example 3
when fresh ta the activity of that same (substantially
completely regenerated) catalyst after it has been
hydrogen stripped according to the present invention at
about 350°C (662°F).

Fig. 3(b) is a graph comparing the dsactivation rate
of the fresh and stripped catalyst of Exampie 3.

Fig. 3{¢) is a graph comparing the salectivity to eth-
ylene of the fresh and stripped catalyst of Example 3.

Fig. 3(d) is a graph comyparing the selectivity to
ethane of the fresh and siripped catalyst of Exampls 3.

Fig. 3(e) s a graph comparing the salectivity to
hydrocarbons having four or more carben atoms of the
fresh and stripped catalyst of Example 3.

C C

D INVENTION

Preferably the at least parlially deactivated (spent)
- acetylene hydrogenafion catalyst is hydrogen stripped
with a mixture of hydrogen and inert gas. When pure
hydrogen is not used, the hydregen concentration in
. stich mixiuras may be from 0.1 to less than 100%, praf-
erably from S to 10%. Since a stripping gas having only
S-10% of hydrogen may be used during the stripping
process, any low value hydrogsn source, praferably
without carbon monaxide, ¢an be employed. For exam-
ple, hydrogen may be purchased and mixsd fresh with
an inert gas, or the hydrogen may come from ancther
refining operation. For example, the overhéad effluent
from a demethanizer, which contains about 5% H, in
CH,¢ {(normally used as fuel gas) may be one potential
source for hydrogen. it also may be possible to recycla
hydrogen that has already been used o regenerate the
Catalyst.

¢
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absence of an oxygenation step.

It Is a feature of the invention that

acetyl ene reduc- ton catal ysts can be substantially fully regenerated by
alone, at relatively |ow tenperatures which are
neverthel ess greater than those taught away fromin prior art such as

hydr ogen stri ppi ng,

GB-A-0O7,348. It has al so been found that palladi umcontaining catalysts

t hat have been used to purify ethylene uBexpectedly have a better
selectivity to ethylene after they are hydrogen stripped accoding to the

present inventi on. B,-‘Zr,gu oF: ra%@@dﬁggwﬁgﬁgﬁﬁa

show ng the Tenper at
cat- al yst of Exanpl

C C

lowing examplas. a mixture of m gas and around 9-
10% hydrogen was used. Any inert gas may be used in
the mixture. The mast commoanly available and most
inexpensive inert gas for use in the invention is nitrogen;
thersfore, nitrogen is a preferred inert gas for use in the
present invention. |

Although the Tollowing examples of the invention
describe regeneration of palladium based acetylene
reduction catalysts, cne of skill in the art will recognize
that the hydrogen stripping process of the present
invention may be used to regenerate other types of cat-
alysts that are used to hydrogenate acetylene. For
example the present procass could be used to ragener-
ate acetylena hycrogenation catalysts which contain:

. Group VI metals, such as nickel, cobait, ruthenium,

C C

paliadium, and platinum; Group VIB metals, such as
chromium, molybdenum, and tungsten; or Group B
metals, such as copper, silver, or goid. However, the
preferred catalyst for use in the present invention is a
catalyst in which tha primary active element is palla-
dium, preferably one where palladium comprises
approximately 0.01-0.5% by weight of tha catalyst, more
preferably 0.02-0.05%. A palladium content higher than
about 0.5% could deteriorate at the temperatures used

_in the pracess of the present invention. Optnonally the

palladium may be combined with another metal, such
as silver.

The catalyst metal is typically carriad on a support

such as silica or alumina.
Thae stripping procedure of the invention takes placs

at a temperature of from 315-400°C (600-750°F), pref-

arably between about 315-372°C (600-700°F), and
more preferably at about 350°C (662°F). In order to

~ avoid deactivating the catalyst, especially a pailadium

based catalyst, or agglomerating the palladium, the
temparature of the hydrogen stripping procedura should
not excead about 40G°C. The temperature should ba at

a chart
t he UC

G8B



strirpping. Fig. 2 is a bar graph

‘HO11 catal yst of Exanple 2 before and after hydrogen stri pping.
the first bar In the graph stands for activity at the sart of the run.

"ECR' under the second bar in the graph stands for actity at the end of he
rum The bar above" "662F [err] repre- sents te activity of the
substantially conpletely gen- erated cat@lyst after hydrogen stripping

according to the
above "788[err]F

C

C

7 invention at about 350[err]C (662[err]F).
laast 315°C t0 achieve the substanfially completa
regenergtion which is commercially desirable, and other
process conditions will ba readily detarminable to ena-
ble this ckjective to be reached. '

The pressure at which the stripping takes place
may nct be critical; however, the stripping preferably
takes place batween atmospheric prassura (0 psig) and
2.07 MPag (300 psig), and mora preferably between

atmospheric pressure and 34S kPag (50 psig). Lower

cost hydrogen sources having a low content of hydro-
gen typically are more readily available at lower pres-
sures. in the following examples, pressures of about
2.07 MPag and atmospheric pressure wera used. Simi-
larly, the time period required for stripping is not critical,
save it should be sufficient to achieve substantially com-
plete rageneration. Qne of skili in the art will recognize
that the amount of time needed for the stripping proce-

dure can be determined by monitoring the amount of

hydrocarban present in the catalyst until & minimum pla-
teau level has been achieved. In the following examples,
the stripping time ranged befween 1624 hrs,

The flow rats of the hydrogen through the catalyst .
should be such that ths linear velocity through the cata-

lyst should be at least about 15.2 crm/second (0.5

feet/second). This will ensure uniformity of reactant con-

centrations and temperatures throughout the raactor
during regeneration. it has been found that lower veloc-
ities may be insufficient to achieva uniform regeneration
of the catalyst The parameter of linear velocity is used
herein rather than, e.g., space velocity because linear
valocity commonly is used to calculate dispersion and

" mixing phenomena in packed beds. For example, the

axial and radial dispersion of reactant concentration are
estimated by calculating Peclet numbers (James Car-
berry, "Chemical and Catalytic Reaction Enginesring®,
p. 162). The linear velocity also is an important factor in
controlling heat transfer in the reactor. Furthermore, lin-
ear velocities may differ even where the space velocity
remains the same. For example, wide and shallow beds
will have lower finear velocities than narrow and deep

aring the catalyst activity of the BASF

"SOR' under

The bar



[err] represents the (reduced) activity of the incom pletely regenerated
catal yst after further hydrogen strip. ping outside the scope of the -

i nvention at about 420[err]C (788[err]F). Fig. 3(a) is a graph conparing

t he acetyl ene con- version activity of the UCI G58E catal yst of Exanple 3
when fresh to the activity of that sane (substantially conpletely
regenerated) catalyst after it has been Mydrogen stripped according to the
present inventon at about 350[err]C (662[err]F). Fig. 3(b) is a graph
conparing the deactivation rate of the fresh and stripped catal yst of

Exanple 3. Fig. 3(c) beds willhive.oMoWdve hBRcGehAat Hubh hdds dn- Yl ene of
te fresh and strippednhgghad Wignsf préditbarop than wide and shallow

beds. Thus, it is desirable to specify either linaar velocity

or space velocity with the reactor L/D ratio to ensure

proper design or scale up of the reactor.

itis a featura of the invention that substantially com-
plete regeneration is achieved without the need for an
additional or associated regeneration siep, e.g., hydro-
carben wash or stearm treat or, particularly, oxygenaiion.
As shown in Exarmple 1 which follows, tha process of
U the invention- enables catalyst to be re-used as fresh
catalyst after regular hydrogen only regenerafions of the
catalytic metal sites, preferably in situ in the acetylene
recuction reactor. Nevertheless it may be desirable from
time to time o clean carbanacecus deposits from the
support {as opposed fo the catalyst metal) because
hydrogen stripping does not remove all of the carbong-
ceous deposits frorn the suppart. Thus it is poassible that
&n air burn may be desirable eventually in order to clean
the support to prevent restriction of flow rate, pressure,
etc. However, the number of air burns that may be
employed to clean the supparts in such a systsm will be
much less than the frequent air bums that herstofore
have been required to regenerate the catalyst. An infre-
U quent air burn o clean the support will be much less
intrusive and damaging than the frequent, repetitive air
burns required in current catalyst regenerafion proc- -
The following examples illustrates the invention.

EXAMPLE 1

- An aliquot of UCI G588 catalyst (Pd/Al,O3), deacti-
vated after 200 hours of use as an acetylene hydrogen-
ation catalyst in olefin stream treatment, was stripped
with 10% Hy/Ar at linear velocity greater than 15.2

‘cem/sec and at a temperature which rose from room tem-
perature to about 750°C (1382°F) at a heating rate of
about 13 degrees C/min (23.4°F/méin). The carbona-



‘Fig. 3(d) is a graph conparing the selectivity to ethane of the fresh and

stripped catal yst of Exanple 3. Fig. 3() is a graph conparing the
selectivity to hydrocarbons having four or nore carbon atons of the fresh
and stipped caial yst of Exanple 3- DETAILED DESCRI PTI ON OF THE | NVENTI ON

Preferably the at |east partially deactivated (spent) aceytyl ene
hydr ogenation catal yst is hydrogen stripped with a m xture of hydrogen and
i nert gas. Wen pure hydrogen is not used, the hydrogen concenation in such

I Xt ur from % - ) 10%
gi nt'cg gsstmra?/pgieng gasogéﬁ; g@sgﬁ?"'égaqbg}ﬁgf &%ﬁgﬁg “’?M*@?mar ng (;he
sti ppi ng proess, any | pand ﬁéﬂf BM&@G&%@"%@%’W’BW

grammed oxidation (TPQ), which detected carbon oxide
ermission during the TPO burn whils the reactor temper-
ature was linearly increased. The TPO spectra of the
spent catalyst befora and after hydrogen stripping were -
plotted as Figure 1(a) and (b), respectively. |
Before hydrogen stripping, two types of carbona-
ceaus residues were presant on the catalyst. A peak at
about 400°C (750°F) represents carbonaceous resi-
| dues that were present on and/or near palladium. A
—/ | peak at about 510°C (950°F) represants carbonaceaus
residues that were present on the suppart. After hydro-
gen siripping, only one peak appeared at 550°C
(1022°F). The presance of only this single peak after
hydragen stripping indicated that the carbonacecus res-
iduas that were on and/or nsar the palladium were
removed by the hydrogen stripping, Since atetyfene
conversion occurs mainly on paliadium sites in the cata-
lyst, the ramoval of carbonacecus residues from the
palladium can re-expose the palladium active sites and
recover substantially ail the activity of the palladium,
The hydrocarbons that are stripped off the catalyst can
- be either recycled to tha cracker or used as fusl gas,

U EXAMPLE 2

A BASF HO11 catalyst (Pd/SIO,) was subjected for
200 hours to the reaction conditions of 1.5% wt CaHz (in
an olefinic straam}, 1.6 HyCoH, molar ratio, 4000 gas
hourly space velocity (GHSV), 2.07 MPag (300 psig),
and about 85°C (151°F) average bed temperature, Aftar
200 hours, the acstylene copversion of the catalyst
decreased from 79% to 58%. Tha spent catalyst was
th'en régenerated by hydrogen stripping for 168 hours
with 5% Hy/Ny at 2.07 MPag (300 psig) and graater than
13.2 emvsec linear velocity in the reactor, and about
| 350°C (662°F). After tha hydrogen stripping. the acety-
lene conversion of the catalyst was 78%. A comparison



wi t hout carbon nonoxi de, can be erployed. For exam ple, hydrogen may be
purchased and ni xed fresh with an inert gas, or the hydrogen may cone from
anot her refining operation.. For exanple, the overhead effluent froma

denet hani zer, which contains about 5% [err] in [err] (normally used as fuel
gas) may be one potential source for hydrogen. It also may be possible to
recycl e hydrogen that has already been u%%d to regenerate the catalyst 8

The percent age of hg{j{heqen i,n t&&vﬂysbéo ggd naq‘er hydrogen strip-
' ping is plotted in Figure 2. The results indicate that the
hydrogen stripping at about 350°C (662°F) substannaﬂy

fully regenerated the catalyst.

The temperature used during hydrogen stripping s
preferably not foo high or else the paladium wifl begin to
agglomerate and will not achieve substarttially complete
regeneration using only & hydrogen treat step. For
example, when the catalyst was further hydrogen
stripped at about 420°G {788°F) for 16 hours, under oth-
erwise the same conditions, the activity of the catalyst

. was reduced to €2% acstylene conversion — g dramatic
e decraasa in catalyst activity.

EXAMPLE 3

A spert UCI G58E catalyst (PA/Ag/AIO3) which
had been usead for acetylane hydrogenation in an ethyi-
ene stream was hydrogen stripped at about 350°C
(662°F) and 1 atmosphere pressure with 9% Ha/Ny at
linear velocity in the reactor of greater than 15.2 cnvseg,
for 24 hours. The performance of the hydrogen stripped
catalyst was then compared to the performance of fresh
catalyst at 70 hours into the activity test. The resuits ara
tabulated in Table L The parameters of the activity test

. carried out in a normal hydrogenation reactor were
~ ~ 1.4% wt CoHg, 1.2 Ho/CoHy molar ratio, 4900 GHSV,
- 2.07 MPag (300 psig), ab0ut 102*°C (215°F) sand-bath

temperature.



mxture is not critical to the present irnention. In the fol- |ow ng

exanpl es, a mxture of inert gas and around 9- 10% hydrogen was used. Any
inert gas may be used in the m xture. The nost comonly avail abl e and nost
I nexpensive inert gas for use in the invention is nitrogen; therefore,
nitrogen is a preferred inert gas for use in the present invention.

Al t hough the foll owi ng exnpl es of the invehtion describe regeneration of
pal | adi um based acetyl ene reduction catal ysts, one of skill in the art wll
recogni ze that the hydrogen stripping process of the present invention may
be used to regenerate other types of catTABLEdts that are used to

?gg;ﬁgf?ate acetyl ene. thda«ﬁﬁﬁ4rﬁ4uk+ﬁ%2ggﬁ_paec?zfgﬁﬁéégre used to
| CgHg Convarsion | 80% 80%
Selectivity to C.H, | 57% 67%
Selectivity to CoHg | 32% 23%
Selectivity to Co+ | 11% 10%
Deactivation Rate | -0.1%hr | -0.2%/Mr

As seen from Table |, the spent catalyst which had
been hydrogen stripped according to the invention
unexpectedly had a selectivity to ethylene that was 10
points better than the selectivity of the frash catalyst.
Also, the ethane make was substantially reduced after

“hydrogaen stripping. This result suggests that a "de-edg-
ing” process may have occurred which reduced the
number of palladium sites responsible for over hydro-

' genating acetylene/ethylene to ethane. -'

Althaugh the deactivation rate was higher for the
hydrogen stripped catalyst, the deactivation rate can be -
overcome by maore frequent hydrogen stripping. Even if
more frequent hydrogen stripping is required o regen-
erate catalyst, the present process may be less timae
consuming and less damaging to the catalyst than fre-
quent air burns ar other additional freatment steps.



ate acetyl ene hydrogeneration catal ysts which contain: Goup VIIl netals,
such as nickel, cobalt ruthenium palladium and platinum Goup VIB
nmetal s, such as chromi um nol ybdenum and tungsten; ar Goup | B netals,
such as copper, silver, or gold. However, the preferred catalyst for use in
the present invention is a catlyst in which the primary active elenent is
pal Fa- dium preferably one where pall adildm conpri ses approxi nately

0. 010. 5% by wei ght of the catalyst rore preferably 0.02-0.05% A pal | adi um
content higher than about 0.5% could deteriorate at the tenperatures used
in the process of th nt invention. Optionally the palladiummy be

conbi ned with another netal. such as silver.

1. A methed of substantially completaly regenerating
a catalyst that has been used to ramove acetylenic
impurities from an clefin streaam and which has
become at lsast partially deactivated by that use,
which comprises substantially stripping the deacti-
vated catalyst of carbonacecus deposits using
hydragen at a linear velocity of at least 15.2 cmvsac-
ond (0.5 feet per second), at a temperature of from

L 313 - 400*C (599 - 750°F) and at other conditions
such that substantially complete regeneration is
effected, wherein said stripping is essentially the
only regeneration treaiment employed and occurs
in the absence of an axygenation step.

2. The method of claim 1 whersin the temperature is
from 315 - 872°C (500 - 700°F), preferably about
350°C (662°F).

3. The method of claim 1 or 2 wherein the hydrogen
siripping employs a gas comprising an inert gas,
prafarably nitrogen, and from 5 to 10% of hydrogen.

4. The method of any preceding claim wherein the
catalyst comprises palladium, optionally together
with another metal. '

5. The method of claim 4 wherein the palladium com-
prises from 0.01 to 0.5 wt9%, preferably from 0.02 to
0.05% of the catalyst.

6. The method of any preceding claim whergin the
catalyst has been used to remove acetylenic impu-
rities from ethylene.



The catalyst netal is typically carried on a support such as silica or

al um na. The stripping procedure of the invention takes place at a
tenperature of from 315-400[err] C (600-750[err]F), pref- erably between
about 315-372[err]C (600-700[err]F), and nore preferably at about 350[err]C
(662[err]F). In order to avoid deactivating the catlyst, especially a

pal l.adi um based catal yst, or agglonerating5the palladium the tenperature
of the hydrogen stripping procedure should not exceed about 400[err]C. The
tenperature should be at 9

7. The method of claim 6 wherein after regeneration
the catalyst is used to remove acetylenic impurities
from ethylene and the selectivity of the catalyst to
ethylene is enhanced.

8. The method of any preceding claim wherein the
catalyst comprises a silica or alumina support.



| east” 315[err]C to achieve the substantially conplete regeneration which is
comercially desirable, and other pess conditions will be readily

determ nable to ena- ble this obiective to be reached. The pressure at

whi ch the stripping takes place may not be critical; however; the stripping
preferably takes place between atnospheric pressure (0 psig) and 2.07 MrPag
(300 psig), and nore preferably between atnospheric pressure and 345 kPag
(50 psig). Lower cost hydrogen sourceg_q?vtpg a |l ow content of hydro- gen
typically are nore readily available at "Tower pres- sures. |In the fol ow ng
exanpl es, pressures of about 2.7 MPag and atnospheric pressure were used.

Sim- larly. the tjppBeReRA@doieoy ABHTYRENR! EORPERFERS CROALYETEI Cal ,
BY HYDROGEN STRIPPING

ABSTRACT

An improved method for regenerating acetylene hydrogenation
catalysts, particularly palladium based catalysts which
have been used to remove acetylenic contaminants £from
ethylene, which method does not require an oxygenation or
other pretreatment step, comprises stripping the spent
cata.ll;t with hydrogen at 315-400 °C and a linear hydrogeén
containing gas velocity of at least 15.2 cm/second, -to
achieve substantially complete regeneration. ’
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The present invention relates to an improved
method for regenerating catalysts that have been used
to remove acatylenic contaminants from olefin product
streams. More particularty, the presant invention relates
to an improved method for regenerating palladium-con-

-taining catalysis that have been used to remove acety-

lenic contaminants from ethylene.

Product straams of fiquid or liquefiable olefins and
dicletins typically are contaminated with small amounts
of gacetylenic impurities. For example, the ethyh
ene/sthane fraction in an ethylene plant typically con-
tains 0.5 - 2.0% acetylenic impurities. Such acetylenic
contaminalion is undesirable because acetylena tends
{o paisan the catalysts that are used to convert ethylene
to polyethylene, Acetylens alsa can form metal
acetylidas which are explosive and which may contami-
nate the equipment that is used to process such product

streams.

It & known that acetylenic impurities can be selec-
tively hydrogenated and theraby removed from such a
product streams by passing the product stream over a
catalyst (an "acetylene hydrogenation catalyst”) in the
presence of hydrogen; however, the hydrogenation
process typically results in the deposition of a green oil
on the catalyst which deactivates the catalyst There-
fore, acefylena hydrogenation processes typically
include an oxygenation step or a "burn” step to remove
the deactivating carhonaceous residues from the cata-

_lyst followed by a hydrogen reduction step to reactivate
the catalyst. See, .9, US-A-3,812,057 (Morgan) and

US-A4,424,255 (Toyoda).



i
tof the catal yst The paraneter of linear velocity is used herein rather

than, e, g.,
cal cul ate di spersion and m xi ng phenonena i n packed beds.
react ant concentration are estirnted by

axi al

and r adi al

di spersi on of

space velocity because linear velocity comonly is used to
For exanple, the

cal cul ating Pecl et nunbers (Janes Car- berry, "Chem cal and Catal ytic

- Reaction Engineering", p. 162). The linea? velocity also is an
factor in controlling heat tansfer in the reactor. Furthernore,

velocities may differ even where the space velocity renmains the sane. For

exanpl e. wide and shal | o\b&xygenation stepnéolicwach by lydroganaeduban nar r ow

and de

tion normally is. effective o regenerate an acetylene
hydrogenation catalyst; hawever, there are many disad-
vantages to the use of an oxygenation step during

~ regeneration of such catalysts.

First, when oxygen and hydrogen come together

npor t ant
i n- ear

under the conditions used to regenerate the catalyst, an

exothermic reaction is produced which may resuit in
uncantrolled termperature runaway. Thus, before the
regeneration is performed, it is necessary to purge the
catalyst of hydrogen and hydrocarbons using an inert
gas, such as nilrogen gas, both before and after the
axygen-containing stream is infroduced. The purging
procass is bath tedious and tima consuming. Further-
more, it the regeneration is perfarmed in situ, the con-
centration of axygen in the regeneration gas stream
must be regulated carefully in order 1o avoid reactor
temperature run-away. it would be advantageous if
ucetylene hydrogenation catalysts could be regener-
ated using a method which did not require such tme
consuming purging and manitoring.

‘The use of an oxygenatian step during regeneration
of an acetylene hydrogenation catalyst also presents an

environmental concern due to the resulting emission of -

carbon monoxide, carbon dioxide, and unbumed hydro-
carbons. The hydrocarbon residue that remains on the

- catalyst can comprisa up to 10 wi%h of the catalyst. The

oxygenation of this amount of residue results in the
emission of a substantial amount of carbon monoxide
and carbon dioxide. (n addition,"the emission during
axygenation may contain approximately 6-10% of

unburned hydrocarbons. it would be advantageous if

acatylene reduction citalysis could be regenerated in a
manner that did not result in such environmentally
undesirable emissions.

Regeneration of acetylena hydrogenation catalysts
using an oxygenaiion step also is undesirable becausa
the oxygenation step has a negative impact on the life of

I
i
f
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i10 beds w Il have. However, narrow and deep beds wi| have a higher pressure
drop than wi de and shall ow beds. Thus, it is desirable to specify either

| i near velocity or space velocity with the reactor L/Dratio to ensure
proper design or scale up of the reactor. It is a feature of the invention
that substantially corn plete regeneration is achieved w thout the need for
an additional or associated regeneration 3tep, e.g., hydro- carbon wash or
steamtreat or. particularly, oxygenation. As shown in Exanple 1 which

fol lows, the processthefcatalyst.ny eatalyst teathdsbosn uaersto rbgehe used as
fresh catal yst aft eratb%@i"enﬁ&%&ﬁﬁy it d W@MB&CQ bj.”f
one to thrae manths. Acatylene hydrogenation catalysts
arg heat sensitive, and exposure to excessive heat
- decreases the activity of the catalyst. The oxygenation
step that is used in most regensration processas typi-
.Gally is run at temperatures between 371-455°C (700-
850°F). The exposure of an acstylene hydrogenation
catalyst to such high temperatures at such regular inter-
vals takes a great toll on the life of the catalyst. it would
be advantageous if the regeneration of such catalysis
could take placs at lower temperatures which reduced
the thermal siress induced during the regeneration.

Some of thesa disadvantages can be avoidad if the
catalyst is regenerated ex situ, or outside of the reactor.
However, the unloading and reloading of the resctor
with the catalyst is a time consuming process. Even if
the regeneration process is performed ex situ, tha cata-
lyst still must be purged with an inert gas both before
unloading and after reloading the reactor, Thus, regard-
less of where the regeneration process takes placs, sig-
nificant reactor down time is required if tha catalyst is
regenerated using a process that includes an oxidation
stap.

| For all of these reasons, it would be advantageous
if acetylene reducing catalysts could be regenerated
without an oxygenation step. Col. 4, lines 16-35 of US-

- A-3,912,789 acknowledges that partial regeneration
can be accomplished using a hydrogenation step alone.
However, this patent teaches that full regeneration ot an
exhausted catalyst requires an oxygenation step.
Therefore, a process has yet t0 be developed that can
fully regenerate acetylene reduction catalysts without
the need for an oxygenation step.

Not only is an oxygenation step undeszrable. but
any additional step in the regeneration procedure is
undaesirable because each step requires a changa of
conditions and switch over techniques which can be def-




kcatélytic netal sites, preferably in situ in the acetyl ene reduction
reactor. Nevertheless it may be desirable fromtine to tine to dean

car bonaceous deposits fromthe support (as opposed to the catalyst netal)
because hydrogen stripping does not renove all of the carbona- ceous
deposits fromthe support Thus it is possible that an air bum may be
desirabl e eventually in order to clean tHe support-to prevent restricon of
flowrate. pressure, etc. However, the nunber of air bunms that nay be

| l ean th rts,in h m wi.l | h | han th

roquent air bums t haptHERe e SeRkrbeee pricRarvibuol e thatnear e (he

catal yst. An irdre- qg@tes catalystufiortexaraple, (GB- 11580418 traches aruch | ess

intrusive and damagi nghethed dthegbneritingt hydrirrinationccaialysts com-
prising a hydrocarbon wash step followed by a hydrogen
treatment. indeed this patent discusses an airsady
known method consisting of contacting hydrogen with
the catalyst at an elevated temperature (p. 1. llne 77 - p.
2, line 10}, but reports that this lown methed was still
insufficient to restore completely the initial activity of the
salactive hydrogenation catalyst. |

US-A-2,946,829 disciases a process of making a
Pd/Al,O4 catalyst for selective hydrogenation, used with
the industry standard mathod of regeneration, which
uses steam to provide heat o attain the needed tanyper-
ature to bumn the polymeric depesits off the catalyst
When a small amount of air is mixed into the steam (see
Example 3, col. 5, 1. §2-55), tha resuiting catalyst is rel-
atively free of carbonacecus deposits. The main func-
tion of the hydrogen raduction step is to reduce the
oxidized metal back fo its metallic state. In fact, the
hydrogen reduction step is not even required, as shown
in Example 3, cdl. §, 1. 65. On day 17, regeneration 8
did not include a reduction step. The catalyst neverthe-
less was put back on streant after steam treatment and
exhibited very high acfivity, i.e., at a space velocity of
2,000 and 66°C (150°F), acatylene in the reactor outlet
dropped from an inlet concentration ¢f 0.35% to 1.3
ppm. This compares favorably to the rasults of the first
regeneratian, Example 1, which did use a hydrogen
reduction step after steam treatment -- 5 ppm acetylene
at the reactor outiet at & much lower space velocity of
1,000 and S4°C (13Q°F).
in addition, US-A-2,946,829 teaches the need for

vigorous regeneration in order fo remove polymer
deposits. Such severs regeneration teads to a loss of
physical strength, in the hydrogenation catalyst, or to
impaired activity or selectivity (col. 2, linas 30-37). The
vigorous step in the disclosura is the step of burning off

;‘---;EPLACEB/EI\IT SHEJ”T
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burns required in current catalyst regeneration proc-: The fol | owi ng
exanples illustrates the invention. EXAMPLE 1 An-aliquot-of UC G588
catalyst (Pd/[err]), deacti- vated after 200 hours of:tise as an acetyl ene
hydrogen- ation catalyst in olefin strearn'treatnment ‘was stripped with 10%
[err] at linear velocity greater than-15.2 cm sec and at a tenperature
which rose fromnmmtem perature to about 750[err] C (1382[err]F) at a
heating rate of about 13 degrees C/nin (23.4[err]F/ mn). The car ceous

residues on the catal yof ekt W3 0FE % 198 Bresence of steam — not the
hydrogen reduction step. Thus, this art teaches that the
steam treatment step is essential to regeneration of a
hydregenation catalyst
GB-A-907,348 teaches tha partial regeneration of a
nickel catalyst using a hydrogen treafment. Although a
termperature range of 200-600°C is mentionad, all of the
actual regenerations described are carried out at tem-
peratures in the range of 204-250°C. In the Provisional
Specification of GB-A-907,348, temperatures at the
lower end of the range are said to be preferred, particu-
larly 200-300°C. From the actual experiments of GB-A-
807,348, regenearation at 250°C did not cause recovery
of fresh catalyst activity, and the stability of the regener-
ated catalyst was lower except in the experiment that
used the fowest temperature (204°C). (See Examples
1-3.) The failura to recover the activity of fresh catalyst
is clear because a higher temperature is required to
maintain the same hydrogen consumption during
regeneration (Example 1, 127°C fresh v. 143°C regen-
erated; Example 2, 127°C fresh v. 138°C regenerated).
And, in Examples 1 and 2 (which used a regeneration
temperature of 250°C), the stabllity of the reganerated
catalyst is lower (Example 1, fresh catalyst required
152°C after 670 hours v. regenerated catalyst required
186°C aftar 477 hours; Example 2, fresh catalyst
required 127°C after 335 hours v. regenarated catalyst
required 138°C after 127 hours). Howaver, in Example 3
(which regenerates the catalyst at a temperaiure of
204+C), although the activity of the fresh catalyst is not
completely recovered, the stahbility of the regenerated
catalyst is higher than the stability of the fresh catalyst
(regenerated catalyst required 142¢C after 1410 hours,
fresh catalyst required 160°C after 327 hours). Thus
this publication teaches away from the regeneration of
catalysts using hydrogen at temperatures that are
- above 250°C. |




_before and after hydrogen striping by tenperature pro- grammed oxidation
~(TPO, which detected carbon oxide emi ssion during the TPO bum while the
reactor tenper- ature was linearly increased. The TPO spectra of the spent
catal yst before and after hydrogen tripping were plotted as Figure 1(a) and
(b), respectively. Before hydrogen strippng, two types af carbona- ceous
resi dues were present on the catal yst A peak at about 400[err]C (750[err]F)"-
represents carbonaceos resi- dues that were present on and/or near

pal | adi urn. A peak at_abot F) represes carbonaceous

resi dues that were pn&ditds Sl i1 h!2r hydro- gen stripping, only
one peak appeared at 550[err]C (1022[err]F) The presence of only this

single peak after According to the prasent invention there is provided
a method of substantially completely regenerating a cat-
alyst that has been used to remove acetylenic impurities
from an olgfin stream and which has become at least
partially deactivated by that use, which comprises sub-
stantially stripping the deactivated catalyst of carbona-
ceous deposits using hydrogen at a linear velocity of at
least 15.2 cnvsecand (0.5 feet per second), at a temper-
‘ature of from 815 - 400°C (599 - 750°F) and at other
conditions euch that substantially complete regenera-
tion is effected, wherein said s¥ripping is essentially the
only regeneration freatment employed and occurs in the
absenca of an oxygenation step.

Rt is a feature of the invention that acstylene reduc-
tion catalysts can be substantially fully regenerated by
hydrogen stripping, alone, at relatively low tamperaiures
which are nevertheless greater than those taught away
from in prior art such as GB-A-207,348. it has also been
found that palladium-containing catalysts that have
been used to purity ethylene unaxpectedly have a better
selectivity to ethylene after they are hydrogen stripped
according to the present invention.

BRIEF FTION OF THE DRAWINGS

Fig. 1 6 a chart showing the Temperature Pro-
grammaed Oxidation (TPO) spectra of the UCI G588 cat-
alyst of Example 1 before (a) and after (b) hydrogen
stripping.

Fig. 2 is a bar graph comparing the catalyst activity
of the BASF HO11 catalyst of Example 2 befora and
after hydrogen stripping. "SOR" under the first bar in the
graph stands for activity at the start of the run. “EOR"
under the second bar in the graph stands for activity at
the end of the run. The bar above "662°F H2" repre-
sants the activity of the substantially completely regen-




_hydrogen stripping indcated that the carbonaceous res- idues that were on
and/or near the palladiumwere renmoved by the hydrogen stripping. Since
acetyl ene conversion occurs nainly on palladiumsites in the cata- |yst,
the renoval of carbonaceous residues fromthe palladi umcan re-expose the
pal | adi um active stes and recover substantially all the activity of the
pal | adi um The hydrocarbons that are stripped off the catal yst can be
either recycled to the cracker or used as fuel gas. EXAMPLE 2 A BASF HO 1
catal yst (Pd/[err]) lmmaﬁﬁwﬁ&?ﬂu%e&mmea&?ﬁn condi ti ons

of 1.5%wt [err] (irHem repeddonis thb' édbcﬁ lofMM@linégrht 0. 4000 gas
hlourl y space vel oci-tﬁ‘e{e@—@eme@a@ 5,9:‘ Qr hydrogen strip-
ping outside the scope of the invention at about 420°C
(788°F).
Fig. 3(a) is a graph comparing the acetylene con-
version activity of the UCI GSBE catalyst of Example 3
when fresh ta the activity of that same (substantially
completely regenerated) catalyst after it has been
hydrogen stripped according to the prasent invention at
about 350°C (662°F). '
Fig. 3(b) is a graph comparing the dsactivation rate
of the fresh and stripped catalyst of Exampie 3. :
Fig. 3(c) is a graph comparing the selectivity to eth-
ylene of the fresh and stripped catalyst of Example 3,
Fig. 3(d) is a graph comparing the selectivity to
ethane of the fresh and stripped catafyst of Exampls 3.
| Fig. 3(e) & a graph comparing the salsctivity to
hydrocarbons having four or mora carben atoms of the
fresh and stripped catalyst of Example 3.

[ ' INVENTION

~ Preferably the at least parfially deactivated (spent)

- acetylene hydrogenafion catalyst is hydrogen stripped
with a mixture of hydrogen and inert gas. When pura
hydrogen is not used, the hydrogen concertration in

- such mixturas may be from 0.1 to less than 100%, praf-
erably from S fo 10%. Since a stripping gas having orly
§-10% of hydrogen may be used during the stripping
procass, any low value hydrogen source, praferably
without carbon monoxide, can be employed. For exam-
ple, hydrogen may be purchased and mixad fresh with
an inert gas, or the hydrogen may come from ancther
refining operation. For eample, the overhéad effluent
from a demethanizer, which contains about 5% H, in
CH, (normally usad as fuel gas) may be one potential
source for hydrogen. it also may be possible to recydla
hydrogen that has already been used to regenerate the

Catalyst. REFLAGEMENT su*r:’ﬁ‘f\
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and about 60C (151 [err]F) average bed tenperature. After 200 hours, the
acetyl ene conversion of the catal yst decreased from79%to 58% The spent

catal yst was then regenerated by hydrogen stripping for 16 hours with 5%
[err] at 2.07 MPag (300 psig) and greater than 15.2 cm sec |inear velocity
in the reactor, and about 350[err]C (662[err]F). -After the hydrogen
stripping, the acety- |ene conversion of B8he catal yst was 78% A conpari son
12 of the catalyst activity before and after hydrogen strip- ping is

plotted in Figure 2. Theﬁ,‘%ng'tc%Malé %?tﬁy&r%éntiﬂeme gas stripping
mixture is not ¢ritical to the present invention. In the fol-
lowing examples, a mixture of inert gas and around 8-
10% hydrogen was used. Any inert gas may be used in
the mixture. The most commanly available and most
inexpensive inert gas for use in the invention is nitrogen;
therefore, nitrogenis a preferred inert gas for use in the
present invention.

Although the following examples of the invention
describe regeneration of palfadium based acetylene
reduction catalysts, one of skill in the art will recognize
that the hydregen sfripping process of the present
invention may be used to regenarate other types of cat-
alysts that are used to hydrogenate acstylene. For
example the present procass could be used to ragener-
ate acetylena hydroganation catalysts which contain:

. Group VI metals, such as nickel, cobalt, ruthenium,
patiadium, and platinum; Group V1B metals, such as
chromium, molybdenum, and tungsten; or Group IB
metals, such as copper, silver, or gold. However, the
preferred catalyst for use in the present invention is a
catalyst in which tha primary active element is palla-
dium, preferably one where palladium comprises
approximately 0.01-0.5% by weight of the catalyst, mora
preferably 0.02-0.05%. A palladium content higher than
about 0.5% could deteriorate at the temperatures used

_ in the process of the present invention. Optionally the
palladium may be combined wnh another metal, such
as silver.

The catalyst metal is typlcally camed on a 3upport '
such as silica or alumina.

Tha stripping procedurs of the invention takes place
at a temperature of from 315-400°C (600-750°F), pref-
arably between ahout 315-372°C (600-700°F), and
mere prefecably at about 350°C (662°F). In order to
avoid deactivating the catalyst, especially a palladium
based catalyst, or agglomerating the palladium, the
temparature of the hydrogen stripping procedura should

REPLACEMENT SHEET
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‘hydrogen stripping at about 350C (662[err]F) substantially fully
regenerated the catal yst. The tenperature used during hydrogen strpping is
preferably not too high or else the palladiumw Il begin to agglonerate and
wl not achi eve substantially conplete regeneration using only a hydrogen
treat step. For exanple. when the catal yst was further hydrogen stripped at
about 420[err]C (788[err]F) for 18 hours,%2under oth- erw se the sane
conditions, the activity of the catal yst was reduced to 62% acetyl ene

conversion - a ‘dramat| &eg € 4ed \/ jbﬂéﬁl%ﬁf Eté A spent

;Jg:l etGﬁ?:E_ catal yst [er E‘iagé,\nhelrgﬁc;?ev ﬂrﬁﬁiﬁ%@do |y%°£} er,]eandy %(':Jenat fon in
process conditions will be readily detarminatds to ena-
ble this ctjective to be reached.

The pressure at which the sfripping takes place
may not be critical; however, the siripping preferably
takes place batween atmespheric prassure (0 psig) and
2.07 MPag (300 psig), and more preferably hetwesn
atmaspheric pressure and 345 kPag (S0 psig). Lower
cost hydrogen sources having a low content of hydro-
gen typically are more readily availabie at lower pres-
sures. in the following examples, pressures of about
2 07 MPag and atmospheric pressurs wera used. Simi-
larly, the time period required for stripping is not critical,
save it should be sufficient to achieve substantially com-
plete rageneration. One of skili in the art will recognize
that the amount of time neaded for the stripping proce-
dure can be determined by menitoring the amount of
hydrocarbon present in the catalyst until @ minimum pla-
teau level has heen achisved. In the following examples,
the stripping time ranged befween 16-24 trs. :

The flow rate of the hydrogen through the catalyst
should be such that the linear velocity through the cata- -
lyst should be at least about 15.2 cm/second (0.5
fest/second). This will ensure uniformity of reactant con-
centrations and temperatures throughout the reactar
during regeneration. it has been found that lower veloc-
itias may be insufficient to achieva uniform regeneration
of the catalyst The parameter of linear velocity is usad
herein rather than, e.g., space velocity because linear
velocity commonly is used to calculate dispersion and

" mixing phenomena in packed bads. For example, the
axial and radial dispersion of reactant concentration are
estimated by calculating Peclet numbers (James Car-
berry, "Chemical and Catalytic Reaction Enginesring”,
p. 162). The linear velocity also is an important factor in
controlling heat fransfer in the reactor. Furthermore, lin-
ear velocities may differ even where the spacs velocity
remains the same. For example, wide and shallow beds.
will have lower [inear velocities than narrow and dePEPLACEME}‘F%‘"
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ene stream was hyrogen stripped at about 350[err]C (662 F) and | atnosphere
presswe with 9% [err] at linear velocity in the reactor of greater than
15.2 cmsec, or 24 hours. The performance of the hydrogen stripped
catal yst was then conpared to the performance of fresh catalyst at 70 hours
into the activity test. The results are tabulated in Table L The paraneters
of the activity test carried out in a nor¥al hydrogenation reactor were
1.4%w C2H2. 1.2 [err] nolar ratio, 4900 GHSV, 2.07 MPag (300 psig), about
102[ err] C (215F) sand-bath tenperature.

beds will have. However, narrow and deep beds will

have a higher pressure drop than wide and shallow
beds. Thus, it is desirable to specify either finear velocity
or spaca velocity with the reactor L/D ratio to ensure
proper design or scale up of the reactor.

it is a featura of tha invention that substantially com-
plete regeneration is achieved without the need for an
additional or associated regeneration sigp, &.g., hydro-
carbon wash or steamn treat or, particularly, oxygenation.
As shown in Example 1 which follows, the process of
the invention enables catalyst to be re-used as fresh
catalyst after regular hydrogen only regenerations of the
catalytic metal sites, preferably in situ in the acstylene
reduction reactor. Nevertheless it may be desirable from
time to time to clean carbonacecus deposits from the
support (as opposed to the catalyst metal) because
hydrogen siripping does not ramove all of the carbonz-
ceous depasits from the support. Thus it is possible that
&an air burn may be desirable eventually in order to clean
the support to prevant rastriction of flow rate, pressure,
etc. However, the number cof air burns that may be .
employed to clean the supparts in such a system wilt be
much less than the frequent air bums that heretofore
have been required to regenerate the catalyst. An infre-
quent air burn fo dean the support will be much less
intrusive and damaging than the frequent, repetitive air
burns required in current catafyst regeneration proc- -
esses. )
The following examples illustrates the invention.

EXAMPLE 1

An aliquot of UC[ G588 catalyst (Pd/Al;O4), deacti-
vated after 200 hours of use as an acetylene hydrogen-
-ation catalyst in olefin stream treatment, was stripped
with 10% Hy/Ar at linear velocity greater than 15.2
cnvsec and at a temperature which rose from room tem-
perature to about 750°C (1382°F) at a heating rate of
about 13 degrees C/min (23.4°F/min). The rm
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13 TABLE | Fresh

Selectivity tO [err]
Selectivity to [err]
As seen from Table 1,

according to the invention unexpectedly had a selectivity to ethyl ene that
was 10 points better than the selectivityLpf the fresh catal yst.

H2 Stripped C2H2 Conversion 80% 80%

57% 67% Sel ectivity to [err] 32%
11% = 10% Deactivation Rate -0.1% hr

23%

-0.2% hr

t he spent catal yst which had been hydrogen stri pped

Al so,

t he

et hane nmake was substantially reduced after hydrogen stripping. This result
suggests that a "de-edduyug residues on the catalyst were analyzed both

before and after hydrogen stripping by temperature pro-
grammed oxidation (TPQ), which detected carbon oxide
emission during the TPO burn while the reactor temper-
ature was linearly increased. The TPO spectra of the

spent catalyst befora and after hydrogen siripping were -

plotted as Figure 1(2) and (b), respeciively.

Befors hydrogen stripping, two types of carbona-
ceous residues wera presant on the catalyst. A peak at
about 400°C (7S0°F) represents carbonaceous resi-
dues that were pressnt on and/or near palladium. A
peak at about 510°C (850°F) represants carbonaceous
residues that were present on the support. After hyciro-
gen stripping, only one peak appeared at 530°C
(1022°F). The prasence cof only this single peak after
hydrogen stripping indicated that the carbonaceaus res-
idues that were on and/or near the palladium were
removed by the hydrogen skipping, Since acetylene
conversion occurs mainly on palladium sites in the cata-
lyst, the ramoval of carbonacecus residues from the
palladium can re-expose the palladium active sites and
recover substantially ail the activity of the palladium,
The hydrocarbons that are stripped off the catalyst can
be either recycled to the cracker or used as fuel gas.

EXAMPLE 2

A BASF HQO11 catalyst (Pd/SIO,) was subjected for
200 hours to the reaction conditions of 1.5% wt C,H, (in
an olefinic stream), 1.6 Hy/CoH, molar ratio, 4000 gas
hourly space velocity (GHSV), 2.07 MPag {300 psig),
and about 86°C (151°F) average bed temperaturs. After
200 hours, the acetylene copversion of the catalyst
decreased from 79% to 58%. The spent catalyst was
then regenerated by hydrogen stripping for 16 hours
with 5% Hz/N3 at 2.07 MPag (300 psig) and graater than
18.2 cmv/sac linear velogity in the reactor, and about
950°C (662°F). After the hydrogen stripping, the acety-

- lene conversion of the catalyst was 78%. A comparison




Ing" process nmay have occurred which reduced the nunber of palladiumsites
responsi bl e for over hydro-. genating acetyl eneetyl ene to ethane- Although
t he deactivation rate was higher for the hydrogen stripped catal yst, the
deactivation rate can be overcone by nore frequent hydrogen stripping. Even
I f nmore frequent hydrogen strippingis required to regen- erate catal yst,
the present - process may be less tinme cé@suning and | ess damaging to the

catalyst than fre- oioRG SiikiyRY Wedly BbR76 SHf hhbP Pjlrdd&f biig St ePs:
ping is plotted in Figure 2. The results indicate that the
hydrogen stripping at about 350°C (662°F) substantially
fully regenerated the catalyst.

The temperature used during hydrogen stripping i$
preferably not foo high or else the palladium will begin to
agglomerate and will not achieve substantially complete
regeneration using only & hydrogen treat step. For
example, when the catalyst was further hydrogen
stripped at about 420°C (788°F) for 16 hours, under oth-
erwise the same conditions, the activity of the catalyst
was raduced fo 62% acstylene conversion — a dramatic
decraasa in catalyst activity.

EXAMPLE 3

A spent UCI G58E catalyst (PA/AG/AILO4) which
had been used for acetylene hydrogenation in an ethyi-
ene stream was hydrogen stripped at about 350°C
(662°F) and 1 atmosphere prassure with 9% Hao/MNj at
linear velocity in the reactor of greater than 15.2 ¢nvseg,

~for 24 hours. The performance of the hydrogen stripped
catalyst was then compared to the performance of fresh
catalyst at 70 hours into the activity test. The results ara
tabulated in Table L The parameters of the activity test
carried out in a normal hydrogenation reactor were
1.4% wt CoHg, 1.2 Ho/CoHy molar ratio, 4900 GHSV,

.2.07 MPag (300 psig), about 102°C (215°F) sand-bath
temperature,



1l. A method of substantially conpletely regenerating a catal yst that has
been used to renove acetylenic inpurities froman clefin stream and which
has becone at |least partially deactivated by that use. which conprises
substantially stripping the deacti- vated catal yst of carbonaceous deposits
usi ng hydrogen at a linear velocity of at |east 15.2 cnfisec- and (0.5 feet
per second). at a tenperature of from 31532 400[err]C (599 - 750[err]F) and
at other conditions such that substantially conplete regeneration is
effected, wherein said stripping is essentially the only regeneration

treat ment enployed and occurs in the abJABWEdf an oxygenation step. 2. The

met hod d dai m 1 wher ei n grve=—t-emrer-at-ti-e—irs—- -
- Fresh Ho Stripped

CgHa Convarsion 80% 80%
Selectivity 10 CoHy | §7% 67%
Selectivity to CoHg | 32% 23%
Selectivity to Cy+ 11% 10%

Deactivation Rate -0.19%/Mr -0.2%/Mr

As seen from Table |, the spant catalyst which had
been hydrogen stripped according to the invention
unexpectedly had a selectivity to ethylena that was 10
peints better than the selectivity of the fresh catalyst.
Algo, the ethane make was substantially reduced after
hydrogan stripping. This rasult suggests that a "de-edg-
ing" process may have occurred which reduced the
number of palladium sites responsible for over hydro-.

~ genating acetylene/ethylene to sthane.

Although the deactivation rate was higher for the
hydrogen stripped catalyst, the deactivation rate can be
overcome by mare frequent hydrogen stripping. Even i
more frequent hydrogen stripping is required to regen-
erate catalyst, the present process may be less time

- consuming and less damaging fo the catalyst than fre-
- quent air bumns or other additional freatment steps.

REPLACEMENT SHIRT
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I rom 31S - 372C (600 - 700[err]F). preferably about 350C (662[err]F). 3.

The nmethod of claiml1l or 2 wherein the hydrogen stripping enploys a gas
preferably nitogen, and from5 to 10% of hydrogen.

conprising an inert gas,

4 The nmethod of any precedi ng daimwherein the catal yst conprise )

pal | adium optionally together with another netal. SWi m 4
wherein the pall adi umcorn- prises from Q491 to 0.5 "W % pr ° \m '
0.02 to 0.05% of the catalyst. S. The nethod of any pr m

t he catal yst has been used to renove acetyl anic inpu-

Claims

1'

A method of substantially completsly regenerating
& catalyst that has been used to remove acetylenic
impurities from an olefin stream and which has
become at lsast partially deactivated by that use,
which comprises substantially stripping the deacti-
vated catalyst of carbonacecus deposits using
hydrogen at a linear velocity of at least 15.2 cm/sec-
ond (0.5 faat per second), at a temperature of from
315 - 400°C (599 - 750*F) and at other condifions
such that substantially complete regeneration is
effected, wherein said stripping is essentiafly the
only regeneration freaiment employed and occurs
in the absence of an oxygenation step.

The method of claim 1 wherain the temperature is
from 315 - 372°C (800 - 700°F), preferably about
350C (662°F). _

The method of claim 1 or 2 wherein the hydrogen

- shipping employs a gas comprising an inert gas,

preferably nitrogen, and from 5 to 10% of hydrogen.

The method of any preceding claim wherein the
catalyst comprises palladium, optionally together
with another metal. '

The method of claim 4 whefei'n the palfadium com-
prisas from 0.01 to 0.5 wtSb, preferably from 0.02 {0
0.05% of the catalyst.

The method of any preceding claim whargin the
catalyst has been used to remove acetylenic impu-
rities from ethylene.

R

rein

o ethyl ene.




.15 7. The method of claim6 wherein after regeneration the cat al yst is used
to remove acetyfenic inpurities fromethylene and tW
catalyst to ethylene is enhanced. 8. The nethod of ecedi ng\ \ﬂ“m

wherein the catal yst conprises a silica .or alum na sup “
_ 15 L LUl

7. The method of claim 6 wherein after regeneration
the catalyst is used to remove acelylenic impurities
from ethylene and the selectivity of the catalyst to
ethylene is enhanced.

8. The method of any preceding claim wherein the
catalyst comprises a silica or alumina support.
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REGENERATION OF ACETYLENE CONVERTER CATALYSTS
' BY HYDROGEN STRIPPING

ABSTRACT

An improved method for regenerating acetylene hydrogenation
catalysts, particularly palladium based catalysts which
have been used to remove acetylenic contaminants from
ethylene, which met:hbd does not require an oxygenation or
other pretreatment step, comprises stripping the spent

catalyst with hydrogen at 315-400 °C and a linear hydrogéen
containing gas velocity of at least 15.2 om/second, -to
achieve substantially complete regeneration. ’




