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CATALYST REGENERATI ON PROCESS 5 FIELD OF THE
I NVENTI ON This invention relates to a nethod for. -~ .-

titanium zeolite catalyst that has been used to

catal yze the epoxidation of olefins with hydrogen and
oxygen, where the olefin epoxidation is %rfor med in
a reaction sol GARALY BRIt REGHNERTIQNITRY @rE%
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reaction wth oxygen over a silver_ catal
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current research has focused on
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epoxidation of higher olefins. Therefore, much current research has focused on
the direct epoxidation of higher. olefins with oxygen and hydrogen in the
presence of a catalyst. In this process, it is believed that oxygen and hydrogen
react in situ to form an oxidizing agent. Thus, development of an efficient
process {and catalyst) promises less expensive technology compared fo the
commercial technoidgies that employ pre-formed oxidizing agents. '
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 captilysdt at a tenperature of at |east ZOC in the
[presence of an hydgeRARARY OF THE INVENTION

The invention provides a method of.regenerahng a used noble metal-
containing tita'nium zeolite catalyst that h-as been emp'loyed in the ep_oxidation of

" olefins in the presence of hydrogen and oxygen, V\fhere the olefin epoxidation is
- performed in a reaction solvent that contains a buffer. The regeneration method
comprises heating the used catalyst at a temperature of at least 250°C in the
presence of an oxygen-containing gas stream, followed by reducing the heated
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contai ning gas streamto formthe reactivated -
catal yst. We surprisingly found that the cal cination.
and reduction regeneration of catalysts used to
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preferably 0.005 to 10 weight percent, and particularly 0.01 fo 5 weight percent.
The manner in which the noble metal is incorporated into the catalyst is not
considered to be particularly critical. For example, .the noble metal may be

supported on the zectite by irhpregnation or the like. Alternatively, the noble
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30 Y ARGALORAS( bné - carb@E&hBn ABUbIE BbRENadd Generally from 2 to 60

carbon atoms. Preferably the olefin is an acyclic alkene of from 2 to 30 carbon
atoms; the process of the invention is particularly sditable for epoxidizing C»-Cs
olefins. More than one double bond may be present, as in a diene or triene for

example. The olefin may be a hydrocarbon (i.e., contain only carbon and
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. such as halide, carboxyl, hydroxyl, ether, carbonyl
“cyano, or nitro groups, or the |ike. The process of
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feed and discharge lines.

The amount of catalyst used and the time required for the epoxidation
niay be determined on the basis of the gas houtly space velocity, i.e., the total
volume of olefin, hydrogen, oxygen and carrier gas(es) per unit hour per unit of
catalyst volume (abbreviated GHSV). A GHSV in the range of 10 to 10,000 hr!
is typically satisfactory. '
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nits activity is between 0. d 50 percent of its

~may aiso include the addltnon of ammonia gas to the reaction system. ,
Obviously, there is no. need to utilize the regene_ratlon process of this
invention until the éppxidation activity of the catalyst has diminished to .an
unacceptable level. Typically, however,. it will be economically desirable to
reactivate the catalyst when its actiVity is between 0.1 and 50 percent of its

acfivity when freshly prepared, as measured by the rate at which epoxide and
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act Fvity When freshly prepared, as neasured by t he
rate at which epoxide and 6 derivatives (such as

time between the start. o
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e P, o B b s SUBREE e S S o
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The spent catalyst is preferably washed with a wash solvent prior to the
regeneration procedure. Suitable wash solvents include water, alcohols,
ketones, ethers, furans, nitriles, esters, aromatic hydrocarbons, and mixtures

thereof to remove substances adhering to the catalyst prior regeneration.
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regeneration. 7 Preferred solvents include wat er

B A Sl ey, S bRl s

Ca’lééﬂdféSthA@%lhmoca&b@ﬁﬁctw el likes uAmabbmenThealvmaimi washing

?@é%ﬁt’? é%'t"ﬁe glr"llé%%h%%ﬁ%&g%éﬁ% ﬁé%f%f’(?@"}t[@faaqned prior to the

10

15

ggﬁé,ghg,g ddégmeum zeolite catalyst is heated in the
sence o mol ecul ar oxygen at a tenperature of

| east TIwogHenbipbigreeiat gmt@nlratitp@gg} ze;@@ccatgiy%tflgpgg feg in the
;ﬂ@séﬁc@)@f AbidbGiaP Bﬁ?*ﬂe?l e%%%r&t@?@oﬁglqgast'ﬂ% C, but preferably
of” from 30

t'enper at ure range Cto 450C is espeC|
safi leastl 300°Cn  Brejerabivh ok rﬁféfﬁpe@f(ur?r@qulﬂ/%t'?%?nthaﬂf@ 1&s The

SHRAGLE o AISR e PoREE] B Sl eBant i o

aemaoaiimemnt io¥ &leyinvemtion, élvmeaatsmeem ¢g1t@;n@quygqarmﬁap@q§ed over

ool ek AU S b ARS8 s sy o

Ot%nf@yatbm)perslc&dy evatedoto a Ginalt tempetastine 1nra)qce%eﬂ2m C. The

decreased as The Iecular 0

CeeRsie A 5 Yot TR e Bhe BRRER R frocicay o
| tdﬁﬁmu@bém e et crsred s dssifetle Theuncleculaf oxygen may be
oxygen

e percent rmlq%cul ar oxg% 'b‘ni.Eh,e ﬁas stlres d
seRrPiged Vit eolbet gasasysyiags BIOgE Be ERURTRYIA'eh PE Use
eé@tﬁ@%‘%ﬁréﬁ B8f BRYgerP qHdCgercetd ﬁ1cﬂ‘édullat oxygen gﬂahstgaamream

conprise fromabout 1 to 30 vol une

oaw&fih bertaglgstast sos thahyexseseivp dilc P@%O@W@ﬁ‘?'? h%%otae@%fs are not
fo%géd Col%fdaﬁ#/ o o;%se&%aﬁ'ﬁ vﬂﬂ(ﬁégﬁ'{gbnbés RS a86L10Y &6 3oheolume

ent cat al er to sweep 2 any volatile
ppemtaot @xegeﬂ vebhd mopsassemeat be yepnducigd wq;\,\,thaét%sgqﬁ stream

{Jmpﬁ gcaé %&Jlac’r #'ié p? BE Rk ﬁ'%t%eyl%atlﬁrgt |H‘d?&’éreto Sweep '

satls actory ternativel
r agrepenat\notatltamyadbetsmpfvedrfmn the eatalyat |@3$rﬁ¢f-ﬁé@tesmé %o 100
catal yst al s0 gi.tat _
R N e Sy
a Altetreatiyelly| lthwe- |rsgm3tmralnhqy aévamffa‘g*@@um a2stafipgnanner. The

LB bl 7 ol g DT R e aBEE A o

sebaeirivg bs. TM@UQ@bfble@tbnnlglntlsmsemlw ddvania@etus.o 48
hour s. ary sonmewhat de

upon t pee é:/@ltﬁyﬁt ] g]ea\ﬁﬁ%eﬁsy%{l@ 135 ey qga%ecggg?ﬁ% "Wstore the

deRsirey Rhvefof échi%xt# ¥RE sefecalif | wm@ﬂ %elat’hgéﬁmés &ad ifrom 0.1 to 48
as well _as other

actors, but nm eadi |
adeurs alTﬁ@dowﬂV@uﬁmﬁé’V’us*@fgﬁﬁ X‘W@EI‘%P?B‘%” IYpapethe extent to

) 'ar\‘n%{)l‘?{l} Véﬁthl%ﬂ 4% Bierl HBaRVAERE She Wpe STRASAN GedcRiInySioxidation,

30

i rst
as well as other factors, but may be readily ascertained by routine

, expenmenta’uon

in yet another variation of the process, the spent catalyst rnay be first -

heated to 250°C or higher in the absence of oxygen to convert the organic
impurities on the catalyst to carbon, then exposed to oxygen to burn off the
carbon, B
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heated to 250C or higher in the absence of oxygen to
convert the organic inpurities on the catalyst-to -~ -
carbon, then exposed to oxygen to burn off the
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The following examples merely lllustrate the invention. Those skilled in
the art will recognize many variations that are within the spirit of the invention

and scope of the claims.
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and scope of the clains. 9 EXAMPLE 1: CATALYST

PREPARATI ON .Cat al yst 1A: Spray dried TS-t (160 g, 80%
TS-1, silica binder, 1.74 wt.% Ti, calcined at 550C __
‘inair) is slurried in deionized water (400 g) and the

pHis adjusted_ to usi .8 amoni um

hydr oxi de. AftngW%'%é é&q-%é%@\qlnﬁjﬁ%?ﬂgiﬁr\laqueous

sol uti t Href e 2l (hedliguBo% TG [ elliea bidd6 1974 wt.%
aqueoucg':'p(gogt {}lgo%&ggnt ai ni ng (5 3% wt . % Pd,

dTl gelsinediat p505C 4 aif) bt SIUEEJR delRNahs Wr'p (4id ing the pH s

&Jgstgh X %) §¥| \MF" 3%\!{;‘ ué’ti) usTd?ﬁmBHuhﬁth?ﬁﬂd@dHﬂ‘éI‘ ffixing for 5
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sdmmﬁqs i an a@gmedSQUthfB@@ e ampyoe .patipaiug) l?l'rf'ﬂiaﬁes (336 g

Lé&é{o@ﬁﬂ;@{}?ﬂ* W@ntdilihg s S7 G b P2 ngﬁgert biigted NitFP 2o g of

ng in n| zed wat er’
f deibaized gratgrpisnad détbwito nixisg aver 6h@lnutea| rTl’tSFrﬁJHadS then adjusted

0ty B U LAl B 40, st o
\(]\BD:’(? far. 1f fr{ghﬁr] dg me:)glusnyl i$ fite@dearalie fdtal gak&a@d\!vaﬁl‘aqdrtht@e fnmes
Ihbestaning Rdrenitedindaso A S0d Al agtihy Y sBidsare then
apg dieldveehight S0&rdDM 4 vaoua.oveheat Gar Cifoed heats. dshe dried

are then transferred t IS tube, heated to 50C
aRelic pesiging Ovj Wh‘y"SP@éf‘gJ’a?ﬁ&ﬂfgé’g nin nitrogen (100

cc/ m nind Qfied sBﬁ(H’e[ §re t.‘:\‘;éneéalblh@d el dtihgéftdmrz&to 110°C at
nitrogen i's passe rou

| f o
béﬂmlmsn@omlﬁgdmg agsﬂéoa(ﬁgor @}MS ,otﬁlan @pﬁqﬁw %8&0 at 2°C/min
h d a&{) q}atlg’ooﬁomgo?ﬁ I‘i’rfdr?d TT]% éai&ﬂédzs&vds%?g/otﬁ'e% fransferred to a

, calcined at -550C) .is
slquartz asbel, hedteidotoi 5026 amt @eate.dsmt@ volfst yareaam Iﬂ@ltrogen (100

PRI AT, A TSN BB i e wedhon e

3@om1snmr déshoat ba@ clmgsb B3’ arci recm\te@n@@aéamst Phe

filter cake. i she b¥né r, o
dei oni m Jéb%a?gandﬁ (Enla’?lg %o /oe'?ggalsﬁnfcﬁ%lr‘ldér 1.6 wt.%
sqtii dacipee dthego gl ris dilursged onve:iamrg:tﬁd waterd2pedy)i nTatra ammine

X%;&HéSQI%%% t%gga%\gﬁétei&%% %0/ dT#%lv%%lh?\dgécﬂ gfi deionized

SQlAtes a%@d@d/mmaixmn@ﬁr i30 mirlutdsy ah2a0. nghé slomy 28 fittered and

110C at 10 | d t 110Cf
O Bt el B T BB g 10 an

hc\‘Htreﬁn%e%gatn ATRE! 8o Brethd dir aied dvetmigisthand deed it @ vacuum

eati ng dei onjzed _  wate 5 to 7 o
e A Koot ot dhe B GOl SN aLs: Zr’%“ﬁgf) S8pfioo vk
dTlustlngthe prrom28to73vmtha . % :

sol ution of cesium hydroxide. The ] o
The dried solids arg oven calcined in air by heating from 23 to 110°C at

1O°Cfm1n and holding at 110°C for 4 hours, then heating to 150°C at 2°C/min
and holding at 150°C for 4 hours.

. A solution of hydrogen teirachioroaurate is formed by heating deionized
water (1575 ¢) fo 70°C and adding hydrogen tetrachloroaurate (0.1_ g), then
adjusting the pH from 2.8 to 7.3 with a 5 wt.% solution of cesium hydroxide. The

Pd/TS-1 solid formed above (100 g) is added fo the enfire hydrogen

tetrachloroaurate solution and the pH is then adjusted from 3.9 to 7.0 using a 5
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Pd/ TS-1 sdi-i d forned above (100 g) is .added to the

_entire hydrogen tetrachloroaurate solution and-the pH-

is-then adjusted from3.9 to 7. O using a5 10 wt.%
cesi um hydroxi de solution. The reaction nixture is
Wk cesiwachydtoxEECsdlotion. 2Ehe seaation Meisiure isthen HyKss at 80°C for

%4| IWE{%] eugﬁehgrﬁggﬁéﬁ A8 L rfﬂﬂe{ré""ﬂliee@gﬁ%}é Efeeﬁ)%iﬂt&i by pressure

Tt foge abo 0 p3|8 ar e
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S Yo T pire, T G Rpuchial Bkt s wRab Bl o¥oufhk A, and
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tiswiuarit z tube, heated to 50C and treated with 5

o AT o 8k 0 gl v

tt:*ég%gmtﬁf?@% C@@r{vg&;} hlghmgenuebom/mmdon Adhadues. 28@r the
recoverin a S

dyicgenSras et OBSTBAEEL LA Fnderes Tig! fjougberore

Ff%r?%’&oc’é#%darﬁreéé%g'@atélygfmed i n deioni zed water

etra anm ne al I'adi um di

mnohm@ys_g Sorgy A Ta-0 4417 8, 56%, rar 1. ddica sy, 1.6 W%
S%i?%mea atﬁﬁ@gtom rﬂéd"nﬁ%e@d’rﬁieﬁ@:af@rf‘ftie )at Teé@&,ammine

e rou | ask containin urr

‘ IS .
tpamaeadrraancmbum r@mohpdraten( 1a3 godisseived 3 8 of gpiopized water) is

vﬁi@ﬁadwﬁgu'}]g&i{é’wgf)%d Sm{\ Eeéﬁgo%daﬁaethfe' 4Bl Bakdn flask

reslurrying in deionized water
(doBaigihg atﬁwsmrrynemmgj agabout 3hens ol @ §9°GmaterRaih fgry2 hours.

STeogien & HIGRS AROKEL U Ll uBht R g b RSluring in
Cib b vﬁhté’rl(MO %) FédwdaﬁkﬂeﬂngG:agam % THe. sailids arg hen air dried

solids are oven .cal cined in 3
ot a6 SR At 5P ) YO BB it O RS arnstan
%\D&@H{J ﬁﬁ’ﬁé dfl‘r‘ibd_rﬁ\aﬂ&@f?c@‘ttaigﬂu’t?hwt Snieid Iaog digigwhe ESOC
or ours. e cal ci ne olids are t oM nt
to o e ol e e e
°C/Pnh¥95@%%mmg1 abitig@gest 4 HArs, cmémhaaurfgm A50T6uts2°C/min
Ater t he Bentreatrre

t
oo bgHinarel 15661 TS 40RTs Rt calsiied b ar Ty Grssged o @
;}Qarfz% L‘eﬁéélgd ke lsES: Janaqkeaded ax&h“@heol Pd MY Srateadh ndrogab (100

: eh conbi ned h-the spray dried TS-
ot AboRs A8 s ugpeRn BRATE ﬁtm%‘t’ﬁlpﬁésted fpftligh the |

C@Slfb‘syréh *Q’a r b &’&cﬂmé% 29"@&6@%@%@@@ PEMiSIY sbitd.t he

ane proceddre” as al yst 1.B, except that

pr ay e B/TES Bofid (85 Gl 14e)comb AL pith SGF PPyl S-1 (25

of , dei t e pall adi um
CLHFTRA ﬁ%ﬂ“?%i?m%fg?% NS A TN i

i s wasQathlyisbdD Qataissstm!h mgqargd @cgorﬁpr@c@ the sane ngce&ure as
d t o
glafaj%{f@r SRtetmdt e L%c?f S & ?!&’Fr@g?(‘x 8 wt.% Ti) is slurried in 754

. g of delonized water, 3. 9 g of tetra ammine palladwm dichloride monohydrate is

used, the Pd/TS-1 solid is washed four times with 527 g (in place of 400 g} of
| deionized water,' and 0.3 g of hydrogen tetrachloroaurate is used. Catalyst 1D
contains 0.3 wt.% Pd, 0.08 wt.% Au, and 1.8 wt.% Ti.



contains 0.3 wt.%Pd, 0.08 wt.%Au, and 1.8 wt.%Ti .
it EXAMPLE 2: PROPYLENE EPOXI DATI ON PROCEDURE Runs 2A.

-.2B,. and 2D. Catal ysts 1A, 1B, and 1D are run—in

propyl ene epoxidation according to the foll ow ng

oeneral AT S Aol ENE EPURIEAERON AR GkoLBEEL oL

(150 Qiunsaﬁﬂ bpmahd | C4taheisalA, ABsahd erm arfmran irs propylene
char gé a m xture of methanol gvvater
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W I 4 0.6t angar
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phase are ana an online romat o y
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. Gabaligsis matam th 69°C. gnpthargasepu §fleypihanc fiquid phase are

CPralviaey FoodbBr S LIDRR R IR LR ot SA 25
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hat t d
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BT ot favaais Shas0iihe  THRReRaG st s usea

_ cm|?/§tg,qs 30 used Catal yst 2D. Run -2C. A 1-liter

15 o Gon 24 dee Cambe ! gut ) ST Satg bR iRhe Sjuton. 35

ph/o%%}ﬁﬁ&es ahHicbRibired gﬂiﬁﬂﬁﬁ gfle of 460 L/nr. The recovered catalyst is

30

used Catalyst 2B.

Run 2D uses Catalyst 1D, with a 6 pH ammonium phosphate solution, 3.5
% propylene, and combined gas flow rate of 460 L/hr. The recovered catalyst is
used Catalyst 2D. |

Run 2C: A 1-liter stainless steel reactor is charged with Catalyst 1C (15 g

_ of fresh Pd/TS-1; 25 g of TS-1). An ammonium phosphate solution is prepared '

by adding ammonium hydroxide to an aqueous solution of ammonium

dihydrogen phosphate to a pH of 6 and then combining with methano! (three



10

15

25

 regener at

by addi ng anmoni um hydr oxi de to an aqueous sol ution of
ammoni um di hydrogen phosphate to a pH of 6 and then
combi ning with nmethanol (three 12 tines the weight of

t he agqueous solution). The reactor_ is char ed Wltg h
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react a& catafet %a@umahtrfredw the

Lt BoaTe, YR b o G RBIGE e BLRT calg it jeaepsver

eéaaqbf{srraatamammmpmewmmnqmwmﬂwd RE@@J&FQJQ'VG used

%seaqelnetc%gl on 3A: Used Catal yst 2A (3 48 g) from Run 2A
ﬁl in a nmuffle furnace purged

at
L/ m n. Euamfmsx:@amwsT.%E@éb}ﬁ&webhﬁY %L@&Aif iPN ARD

- 110C at 5 mn and held f qDﬁ s, then heated from
el

110C to 350C at 2C/ mn an or 8 hours before
cool i %qeﬁbmtmrmmmmmm% (tSh@ gisfsemdAgmPHds placed in a

dropped from 2.6 %to. < 0/ T

feudle fumage qyrg_eq,\kmt% alrag 11.6@"11 m.  th ngecP Eat‘é&g{ fHeated from
W@U}foedmzc @t GACmhin%and heid 8dro4 rinedrS dherd:heate@i trw@m 10°C o
transferred to a quartz tube ated

t3EB ettt %QIﬁunsaqg% @i {W P %agér‘ﬁ tf Ore; ?0 %foéﬁb&?@on ent of
fRE f}%ékphlé%%lysﬁf&rﬁbpe@lyfﬂ{jr@g%ﬁ Mefﬁttmﬂ1 wi Y ogEe iRsi content
passed t hrough the soli or, 1 hour o
{IpeasaeRt OO Sca1ohg FEe (8 A ey Bp FopEl 3 D we e
Regenefil b%@iné@soh@@ﬂre%bﬁ'tbéﬁbfe&@d(ta agquafrtzotnbawnemd i®50°C
according to the proced

F@gﬁﬁeamm with Savelthéy moBrnJHeesh (7 q?rgm)gar 4 hoyrs. “After
C@%C{afgﬁ%'tl LRnegd "I‘tm%ﬂ@nstszlpéﬁfegf’%%  theWkolMs fBRel Rdur before

msasured at o the Au content neasured

| atodling2o BB’ (%anarmilmt@ggﬁgq:rwateg&atalyst 3A.

30

Regeneration 3B: Used Catalyst 2B (2 g) from Run 2B is regenerated
according to the procedure of Regeneration 3A. The carbon content of the
used catalyst dropped from 3.4 wt.% to <0.1 wt.%. The Pd ;:onteht measured at

0.1 wt.%, the -Au content measured at 0.02 wt.%, and phosphorusr {as-

phosphate) measured at 0.13 wt.%.
The caicined solids are then reduced according to the same procedure

used for Regeneration 3A, giving regenerated Catalyst 3B. -

13
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phosphate) neasured at 0.13 wt.% The cal ci ned solids
are then reduced according to the same procedure used
for Regeneration 3A, giving regenerated Catal yst 3B. :
13 Regeneration 3C. Used Catal yst 2C (7 g) fromRun 2C

RogeneEnGHIan Seoy e Calaltet he (el 1080 Finna ds regenerated
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used fHuif dFRetgelmercﬂteidowhas\,(CgiaWsh@Cr‘e@aeeta:tvecbd fop comparative

Cat aI st 3C-. at | t.a
fIESHH lﬂheE@‘é@t' i‘@g o?gs %ﬁgCC:il ?‘% g%ﬁcfogedﬂgaeuced
Hec & ﬁéls@lméﬁfoc@d@ep_tseﬁffat Rebenerafidd BAS givingeegenesated

: heated rom 110C to-350C at a rate of 0.66C/ m n. The

5

aPlRBePHR R 125HB! REUMESE S

measured at 0.24 w.% Au at 0.07 w.%

phospiﬁg efAiDn PAPSOES Eatapasay el lfﬁonﬁ‘RLﬁh 25 itre8enerated
and trﬁ%gr‘ﬁﬁﬁ"ilc—o—rﬂent meaé;rﬁ?ed gt 9) &

<
caficerdiag) ta; e arecadwerd{dregesgrtion %cf‘dﬁca?tn af H‘et W@ﬁ?af ace

0 ' VrAGh. Th Pd tent
r eorgén%agéra% tefreo dn"r‘égfbalﬁyfo 899@ &f1a4 eré 31’\0 %X% Nrg B e conten
maamsi aRa@NEMTAmt B\OT m%pmpwmmf)w@) measured
t ( f4hemn Run 2A is
TRAEIE RN Shgdte o ot idasGdd <1 i
cont alemgaiamEEefslobds ste themareducetbizorirdind tacthe rsa(r0pipcedure

nmet hapo eal ed,
plﬂ‘cfeegrs)fﬁf E{SP%%?E%%B e%f\'\/\n?;tr%a—%hrréetgﬁ a%l éétzaD:ever al tinmes
t o renoveCOMPARATIVE EXAMPLEMW: tﬂ/b'[@h‘fSD REGENBRATIQNE@Y
psig in nitrogen while st é&h?ﬁﬁgéhe liquid slurry at
25 about 300 rpm The rea heated to 150C which

r ai sedcéipaiities Ridenkeatiod 8k 21Sed)Siatalfsd2A242 kpdmos) Run 2A is
then cqooled_to roomtenplegggure bef ore ventin

b 5a5dPT 5‘?"5?'9&9 ? 'I’t%pgnsnr bar,

- 'ffa%ﬁﬁe& e&Rel N80T ®achar purenfretandl 2(222 Z?)cr The Mebbﬂopdt esealed,

25

30

[ter and rinse several tines with deionized
Tn@smegrqﬁ@ressyr%ﬁ Wit puER) Nitepges seurRf URGAMS TBRPYE i essiaual ar,

L2550 O BT, 99758 ud5g, wHIE AL Pl o
about 300 rpm. The reactor is heated to 150°C which raised the pressure to _
185-215 psig for 24 hours, then cooled to room temperature before venting to 1
atmosphere. The washed, regenerated catalyst is then rinsed from the reactor
onto a 0.22 micron Millipore fiiter and rinsed several times with delomzed water.
The catalyst is air dried for several hours before placing in a vacuum oven at
85°C, and evacuated to 25-30" water for 4 hours. The carbon content of the
regeﬁera'ted Catalyst 4A dropped :from 2.6 wt.% to 0.38 wt.%. The Pd content
measured at 0.1 wt.% and phosphorus (as phosphate) measured at 0.02 wt.%.

Comparative Regeneration 4B: Used Catalyst 2B (2 g) from Run 2B is

regenerated according to the procedure of Comparative Regeneration 4A,

14
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regenerat ed Catal yst 4A dropped from2.6 wt.%to 0.38
.% The Pd content neasured at 0.1 w. % and

phosphorus (as phosphate) neasured at 0.02 wt.% '

Conpar ati ve Regeneration 4B: Used Cata St . ZB
€5t o395 ¢ TBgeHr P el HEEGRTIS T i o f%é ) g5

onoggﬁtﬁ'[ﬁattﬁé’ ?egié%@??@é ahtdist H\colidefe®vnePp0. 4N alicrd3 Mxlllgore

t he react or pressure '

o0 et ey ateha! 0Me. bgechat eaheat & & 2penéided

CRAGE G o B R TRl i R Tt i e odehasn =
Uelgensr’/at ¢ Afaicahipst m@asirespd0f02oMtIou awgl p,gqsghqru&:% as

% The Pd co ﬁ?{) u@ sured at 5 0.11 w.% the Au
EB?ﬁpé'ﬁ‘fe MRS v .% and phosphorus (as

phosphain hram@ﬂenederatlormchmd %atalys@@@p@r%?( g)Mgom Run 2C is

RS ek Bl T TR R0
%éi-‘a!;éﬂsO{ransTéwewwd pamtr SHoxblet |extra¢ta:msﬂ”ﬁnble<ﬁrtdoplaced m the

Soxhl et t t
Soxhibexatih Septn RGO 168 it 2Rded Wi el b crfos to
%Ei&&ﬁw HRAot REsiC hrrﬁ@ Joxhied egtraamnrmmuusbmtacbm to a 100

he Soxhl et extract t
| nmoroum SRk SR HNALREBBRIAT ATy Fhit Adgrolifa s A
%P%nta\a{r #rpgb:lgbnig floNeRSthraighStne A paatus Ofencengegeeri is water

the apparatus, the co r
ahillet ednd dinel Tovnd b@ﬁm skt @nﬂhﬁﬂa@@"?‘g?? &@H'”ﬁe@% fusing
bo't}w ﬁgpo (3 énﬁe"fﬁﬁch%gh tN@RBEd datalyst n the thimbie.

ense an used cat al yst In 8
ﬂfhen‘ektmcttoﬁ’he doweddol o HEOIE GAED FoOIPTABERR GBS before
5% T vashed
S UL bt o et s
tyFﬁin@Omlérg)(ls rBogered frooe dves Hirpbler ovashgd with deionized
thl l e ed, wi C
Wéteba?%ﬁ” cOiitnt 16y BHEM Effhent P e @BEpAated Qobllst 4
Hrappad frbroBIE3wO%Wo. %tm B. 4T et P%cdrﬁ@ntp@egw{e@@@ 0.06 wt.%.

neasured at 0, 06 w . Phosphorus is not neasured.
CRH\MPNHS\}%“%@?’E‘EG - CATALYST REGENERATI ON BY

VST NEARITHE EYPROGENSFERDKL DET REGERERATION BOWASHING

g) f Run 2D d o5

Dbt tom T ask wi th RIS RRRR P ERARIOE) 0% 67 ogen

Eégoxétgs?edsélatétlys@@d @O?Eg)QromERdh “‘3 R paGR] irkd a7 10@ ny% round
wat e

weetiam daoh b AP HERATOIBHEE N < EIEREN B8 i rdifog, 005 o

OF sl {xe, " @il R0 MJ% fibesks. 3amd>/oanecsm) ghdi dEIOhlzegevater (29 6 ).

purge 1's set through the fl ask

D blvater-casisc eI RGBSR ARISGD oM HIENE GPYTE) Boftarg sk
hgr% %dSIItgﬂt ﬁi?ff)bé‘ﬁ( pf.lFHe i3 aouirsugelir fask and up the reflux column to .

an oil bubbler down stream. The solution is heated to reflux for 3 hours before
cooling ovefnight, followed by 3 more hours of reflux and cooling. The solid is
decanted from solution, washed with deionized water, and dried in a vacuum
oven at 60°C for 3 hours at sub-ambient pressure. Regenerated Catalyst 5
measured for 0.26 wt.% Pd, 0.06 wt.% Au 1.85 wt% carbon, and 0.1 wit%

phosphorus (as phosphate).

15
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30 cooling overnight, followed by 3 nore hours of
reflux and cooling. The solid is decanted from

sol ution, washed with deionized water, and dried in a
vacuum oven -at 60C for 3 hours at sub-anbi ent

% Po. oEBAMNLE A TAEE S CENERATIR PO RAHRG

phosphorus (as p@ﬂmmq)omlﬁN@@&BUETmNOATALYST
REGENERATI ON BY WASHI NG, NATI ON, AND R

Used BacAIGARVSIZR & 09S0LFOMTRHA Alls pRCH N TAREC PANEPOmb
han '&P&%Eipg)gp (%d"gf gmfd@ nﬁé?l'i‘ér?d??&v‘@} %hd(asl%lﬁb Teﬁkbrnesttr bar

rai sed Teflon stir
pbo evavent calabisy stushingswihitegstivhing.e ToeiRarg h@mbm@langjepressured

SIS S SRR AR PR it

aii, hededtted 50tC BhGtiand as BDDrpw fat 2800uns peforer caping to room

S R 8 0 T LR B0y o e

lfﬂitetdmelandf wbﬁmcﬁdomdmmshﬁd deionizéd nesteniusingdei @ﬂEzarnbron

Aiigars B1ron Al e C Ve B BRI n 4 acklm i agorc.

: 8:@%0" Wwated®or adiceks tohivé gdhesl Cotalyisy 6AwWaRitedarBah alonsdnt of .

15

30

: vOtas Wowm@sh@@sl@ad at

A. The carbon content, of ._ washe al yst '
SPASRACR R S dgprase B0y 34 01 oo TR W orligne confent
riﬁ@&éﬂr@@’ a?b 10th V\”the/‘AutcBﬂte‘r\lt' meRtIRI atEes We. 9 aptl pho8ghorus

% and orus &xzs phosphat e) neasured at O. 02
0O velei s further regenerated '
accor Rl | 1pR
exccopt Rroee CpiRRPERCHhor Kokt HEaaRG) B9 tOccdure
arsgdhter Réganepatimudd. exceptothat He isc hpeted efios 013 Bstaar1d0°C at
Rﬂ)eﬁfl{'iﬁld c?qge ?&roﬁq{cﬂgst%ﬁ BE 1A H%uﬂ%acs%%g &rélgfsh ﬁ‘é’d’uced

genera 'ving regenerate st 66. .
ExoabRling & thém ENEeEE!@XhMDdQEQRmEMJREATMGngg%}anerated
3@ &P 82C and 2D) and regenerated catal ysts (3A,

talyglqB. 30> 3D, 4A 4B, 4C, 5, 6A and 6B) are
test ed i rEXXNIPYEEN ®REPOXILENEiEBFOXIBEdo0 i mc&m

oL Lot 0 ARS8 AL (5 0

gs@ns I, 3Abubf erc, (9. BAMagguEB Sre naemed wmmdmmm'fmbppmdatlon _

pH 6), and 100 grans of net hgnol. The reactor is then

W@%Qt%@d@"%ﬂ@ ogPeg! POSEIYEnsi sting  of 2 %

-hydr oggmBo04c /stQPh}/&%teeﬁ r%tﬂbﬂ@)ﬂh@ \Oittﬁo%grﬁmbame;amdst 13

t he bal ance nltro%g (volume % pressure in the.
r 8B pf Rsbufarnal @qa?c’%@”&%w\v. %P%%Dhae pH ='6), and 100

grams of methanol. The reactor is then charged to 300 psig of a feed consisting

of 2 %-hydrogen 4 % oxygen, 5 % propylene, 0.5 % methane and the balance
nitrogen (volume %). The pressure in the reactor is maintained at 300 psig via a

back pressure regulator with the feed gases passed continuously through the .

reactor at 1600 cc/min (measured at 23°C and one atmosphere pressure). In

6rd‘ef to maintain a constant. solvent level in the reactor during the run, the

. oxygen, nitrogen and propylene feeds are passed through a two-liter stainless

stee!l vessel (saturator) preceding the reactor containing 1.5 liters of methanol.
The reactor is stirred at 1500 rpm. The reaction mixture is heated to 60°C and

16
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back pressure regulator with the feed gases passed
continuously through the. 3o reactor at 1600 eefmn
(measured. at 23'C and one atnosphere pressure). In

order to maintain a constant. I-vent. |evel, in the -
heagtsTosLET e IR ENARRS Bhan SAPAIC FHELY Sgh figne tiauid
g%%%%oggg Jffﬁﬁ@'é?@ra@'tﬁé‘%ﬁldoﬁ HeoYg Moar - IPrbpylene oxide and

steel vessel (saturator) preceding the. .
eqaivalentsc siichi intlude RrapyleneeXde (Pt ipspRiene %pfgcue( PG"), and

react i.S_Stl ; ; iohit® janedoened b
pefhely” p3 ichieduribg Uy FARuoR A ARk 1O Bramaneubmed by
gwahydredenatioancfopropylendsC Theerapulte of tha &G RealypgpEe used to

anal yzed by of.flin t end of the 18 hour run.
P?‘&Hé‘i%%ﬂ'@ %‘ﬁ%é’h%ﬁ“’%qﬁﬂéaqvgﬁts, whi ch include

pr OpyiTRE eedits GRow tPEl') caloimatiph and rgtlyction regereptiorpaga used
gl ycol ethers, are produced ' he. i i-n

Ll oo 5 P B e SRS v
RERRWi§NSomPAedriesedtsigstsfthhh ardSi:gamataise dyan evaphing method.

calculate the selectivities shown in Table :
eS| @@osﬁ@,\,stgﬁ:glcagtﬁycépq’rfenggfég ve, 4 etﬁgéc iréger;lg}gted with a

[hgegggpabéﬁﬂid@ftr@qtm&ﬁg_suaa:@ yiemohbiratetics Jeenalesdpboietular
er Ives signitlcan r .opan . .
Seitalysic it %héﬁfﬁ?ér%(? qug%&t g&ég&yhﬁ’e% SF‘lﬂé‘g ehds dpgrpved

o RGLiTEddRGhstiafesTBR) kSealdingd Singnidducad tregenerated
%?éaﬁggﬁgfggﬁcﬁ han t hose regenerated with a .hydr og(efg .
depiSdoEn

pataysts @roduset signiticasty Migier dXRBYISHT 298 A GHUY

Mol ecul are ' ' | gl calalystd 4B JardSiegdhérad by
ﬁ?:le(ﬁ%g‘ltﬁtf.rongﬁs'%#ﬂgh? rr%rng)é/ge}gm g’?c;:pang sel ectivi tbg
dexahirgj.r at es that -t he cal cined and reduced regenerated
catal ysts produce significantly higher propyl ene oxide
and equivalents ("POE") is selectivity from propyl ene
conpared to catalysts that are regenerated by :
washi ng. 17 TABLE 1: COWPARI SON OF CATALYST ACTIVITY
FOLLON NG REGENERATI ON--Cat al.yst Treat ment =
Productivity PO PCE Propane Selectivity Selectivity
ova 2 % 3 2A * Recovered and 0.18 93 16 dried 3A

Cal cined and 0.23 92 13 reduced 4A * Washed and 0. 22
93 38 : -

17



reduced 2B * Recovered and 0.16 94 51 dried 36

Cal cined and 0.22 92 27 reduced 4B * Washed and 0. 26
93 64 .reduced 6A * Washed 0.26 93 77 6B Washed, 0.3
93 19 calcined, and reduced 2C Recovered and 0.12 93

10, 88 2% b BRI Bt Bt Al P v

21D * Recovered and 0. 1REEENERATIONd 3D Cal ci ned and

0.24 ¢ "d“%ed—5———l=|?—@ treat: an'F?bA E1L7 Q4 42
reduced Céﬁwﬁan at | FETERh ] & BHSRBE i V|S cht? Nelj ar@eﬁzﬁm
produged/ gramjof catal yst |per hour. %( d PGE (%3
Sel ectlTViZRY = [TBE@Fered ZAH( MOI €9 150 + m)l &3 gl y[col s{gF
nol es jgl ycol et hergjed®* 100. 3 Propane Sel ectlivity =
ol es |proprane’ 1 Glkinedatdes | POE023 ol ¢s prédpane) . 18
Amended C ains  \Wedededim 11 A net hoed of rpn_ern.g;_a_t_j_,ng__
a used ndhl'e nret‘%lFS“E‘E)HEai mi ng®ft anijlum Peolife *°
cat al yst \.’unpl =S+t —e’pﬁ‘f——(-a)- heat g the—used
cat al ystogt—a [t RERGHel IHE Ol @hsl €agt 25T 1|0 they -
preserice of ajgas sgde&eam ¢onpri sed of oxygen to
3B Calgined and - 0.22 92 - 27
reduced :
4B+ Washed and 0.26 93 64
reduced
BA* Washed 026 - 93 77
68 Washed, 0.3 a3 ‘ 19
calcined, and '
reduced
2C ™. Recovered and 0.12 83 10
, dried - '
3C-1+* Calcined only 0.16 o4 7
3C-2 Calcined and . 0.25 : 92 4
reduced
4C* ~_Washed 0.14 94 26
2D+ Recovered and 0.14 S92 23
) dried
3D | Calcined and 0.24 ™ 15
reduced
S5 7 H202 treat, and 0147 94 42
reduced ' :

* Comparative Example

1 Productivity = grams POE produced/gram of catalyst per hour.
PO/POE Selectivity = moles. PO/(moles PO + males glycols + moles glycol ethers) * 100.
3 Propane Selectivity = moles propane*100/(moles POE + moles propane).

18



obtain a heated product; and (b) reduci hg t he heat ed
product at a terrperature of at least 20C in the

presence of a gas,, (rigc?r@lgoﬂ[g)rl sed of * hydrogen to

o‘%éﬂ.@ reacti vat t, wherein the noble -
containing titani um zeol
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w2 BB B o1, 3| el one fact o

claim! wh) chheaﬂngifﬁeﬁeﬂaiﬂﬁ@lhﬁ a[t@ete[]pgga %?fdaﬁeast 250°C
met al - cont ai nL n [ el F@}@chﬁ{ ekl rofaax\ygem to
sol vent prior r{ P}%baggf ngEGStmet hod of claim?2
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~ t hereaf. Iﬁ$ b%a aﬁﬁ%ﬁkgﬁﬁgkeﬁzen th%ml;és(e

cat al yst i s hqgt@dmatth@ ptesanpes adfuiee ggs e atreamt ﬁgmpnsed of

300C. 5. " The nethod of claim. t he gas
stream conpri $wdragen tafgrgea reactiypte: cé?al{%ﬁ’e net hod of

cl ai %er{ iV ﬁélﬂe rﬁ@tﬂ”&dtﬁhr@t @aniuh) zed@eafaiysnwsan_seg 10

tenperature o

chtahzertbe repphldat@wfl ;%Efe@nmtbpy%g%gﬂgf%ya% ﬁ'I the ﬁé%nce
E gﬂelgtaﬁe e eakt}'o?:hso?\%m %hg%ﬁ ddst 8 bow&r licalite and

e net ho claiml wherein t

nobI @, net dhe cwthed of algimt] MANGUAITPRGISS \?aﬁlﬂﬁ%ﬁ%t‘ﬁeg noble
EE pgg'&ﬁasr@llrggeﬁicfe Bl n*ét‘?mthoé‘{fvb%j LHITENEHbr @ Step a).

the group con3|st|ne?ei ;
. gol d3and Phatetuod o clalthe@ wheres thsr WaslSaIvETIeraesied from

t he used np

the 0 peroronEy PLuses SRR HicBls AR ATeS BRCEE

zeol igt e amde &netﬁadi | chlaim fl neleereint thei Mﬁﬂdz'é%ﬂalYﬁb s hgated at a

The net hod of | whi ch conprises heating the used

temparajde grg@tegt nﬁ? Qture of at least 250C in the

absence ofrhexyeBRdPbi @faifo 1sivaprejralthe igas streameﬁ‘éiéﬂnsed of

Clainms 11. The nethod of claim| wherein the reaction

' @@Qe@malrs sel ected fromthe group consisting of . .

wat erg Tﬁé HtE6I et Blaing UpEiiertint iedattionGep &p)ds performed at a
e

mxtures reof. 12. The nethod of claim | wherein
temebatmfeecpf%&ﬁa@t?:@é% an ani on and a cation,- wherein

t Re a,nhl ?n'ﬁhﬁ 562t Schie ™ Wherdn avp usad sicklé mgtalfcontaining
0s
tﬁamu?n zeolite catalyst compnses ‘titanium silicalite and palladium.
8. The method of claim 1 wherein the used noble metai-contammg

titanium zeolite catalyst comprises fitanium silicalite, pailadlum and one or more

metals selected from the group consisting_ of gold and platinum.
9. The method of claim 1 wherein the used noble metal-containing

titanium zeolite ‘catalyst comptrises a palladium-containing titanium zeolite and a

palladlum—free titanium zeolite. |
' 10. The method of claim 1 which compnses heating the used catalyst

at a temperature of at |east 250°C in the absence of oxygen prior to step (a).
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car bonat e, b!"'c_af bonat e, car box‘yl ate, citrate, borate,
hydr.oxi de, silicate, aluninosilicate, and m xtures
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= eatoar WpTR i 6ion rpeeled S orqup et nyfeof pljsstiate
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grou C OnSI sti
ahlmlpbatlmate.aambhmttsresdh@eﬁf xangrtee qa%@n g‘oﬁeleqtgd frggp the group

iRt ol oA 4R fen g happgséed anc
rﬁ?ﬁﬁfmtﬁecéofoxygen prior to step (b). 16. The nethod

of ¢

O 3 48 MRSASL O L oS AE IRl 166 8684 Fb metal-
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i e used n

theBrRing eLinalipes cBNSt FLBe T R phieeTeradiq Gt e8st a0,
@l tha SLBinPBCthe M afdd [ﬁ‘éﬂ Bct iEDeALANSE bEs termpdrature bhat least

group consisting of gold and plati num 18. The net hod
3FCcl ai m 13 wherein the used nobl e netal - contai ni ng
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. 15. The method of claim 13 which comprises heating the washed
catalyst ata temperature of at least 300°C in the absence of oxygen prior to step
(b). '

16. The method of claim 13 wherein the used noble metal-containing
titahitjm zeolite catalyst comprises titanium silicalite and palladiufn.

17. - The method of claim 13 wh_érein the used noble metal-containing
titanium zeolite catalyst domprises titanium silicalite, 'palladium 'ahd one or more
metals selected from the group consisting of gold and platinum. '

18.  The method of claim 13 wherein the used noble metai«contaming

_fitanium zeolite catalyst compnses a palladium-containing fitanium zeolite and a |

palladium-free fitanium zeolite. -
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