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amine to form an alkanolamine. Thus, 1,2-diols, 1,2-diol ethers, and alkanolamines may

20 be produced in a multi-step process initially comprising olefin epoxidation and then the
conversion of the formed olefin oxide with water, an alcohol, or an amine.

The performance of the silver containing catalyst may be assessed on the basis of
selectivity, activity, and stability of operation in the olefin epoxidation. The selectivity is
the molar fraction of the converted olefin yielding the desired olefin oxide. Stability refers

25 to how the selectivity and/or activity of the process changes during the time a charge of
catalyst is being used, i.e., as more olefin oxide is produced.

Various approaches to improving the performance of the silver catalysts, including
improvements in selectivity, activity, and stability, have been investigated. For example,
modern silver-based catalysts may comprise, in addition to silver, one or more high-

30 selectivity dopants, such as components comprising thenium, tungsten, chromium, or
molybdenum. High-selectivity catalysts are disclosed, for example, in US-A-4,761,394
and US-A-4,766,105. US-A-4,766,105 and US-A-4,761,394 disclose that rhenium may be
employed as a further component in the silver containing catalyst with the effect that the

initial, peak selectivity of the olefin epoxidation is increased.
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20 Thus, notwithstanding the improvements already achieved, there is a desire to

improve the performance of olefin epoxidation catalysts and, in particular, to increase the
crush strength or attrition resistance of fluoride-mineralized carriers without detrimentally
affecting the morphology of such carriers.

SUMMARY OF THE INVENTION

25 The invention provides a process for increasing the crush strength or attrition

resistance of a fluoride-mineralized carrier comprising incorporating into the fluoride-
mineralized carrier a strength-enhancing additive. In preferred embodiments, amongst
others, the strength-enhancing additive is selected from the group consisting of a zirconium
species, a lanthanide Group species, a Group II metal species, an inorganic glass, and
30  mixtures thereof.
The invention also provides a fluoride-mineralized carrier having incorporated
therein a strength-enhancing additive. In preferred embodiments, amongst others, the

fluoride-mineralized carrier comprises alpha-alumina. The invention also provides a
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ether, or an alkanolamine comprising converting an olefin oxide into the 1,2-diol, the 1,2-
20  diol ether, or the alkanolamine, wherein the olefin oxide has been obtained by a process for
the epoxidation of an olefin comprising reacting the olefin with oxygen in accordance with
this invention.
It is envisioned that catalysts comprising the carrier of this invention and an amount
of an appropriate catalytic species, frequently a metallic species such as silver,
25  molybdenum, nickel, and tungsten, or compounds thereof, may advantageously be
employed in other conversion processes.
The features and advantages of the present invention will be readily apparent to
those skilled in the art upon reading the description of the invention that follows.
DETAILED DESCRIPTION OF THE INVENTION

30 Fluoride-mineralized carriers are obtained by the incorporation of fluorine into the
carrier. For purposes of the present invention, fluoride-mineralized carriers are obtained by
combining alpha-alumina or alpha-alumina precursor(s) with a fluorine-containing species

that is capable of liberating fluoride, typically as hydrogen fluoride, when the combination
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20 described herein.

A suitable procedure for incorporating a fluorine-containing species into a carrier
involves adding a fluorine-containing species to alpha-alumina or an alpha-alumina
precursox(s). The alpha-alumina precursors mentioned herein are those species capable of
being converted to alpha-alumina upon calcination. The alpha-alumina precursors include

25  hydrated aluminas, such as boehmite, pseudoboehmite, and gibbsite, as well as transition
aluminas, such as the chi, kappa, gamma, delta, theta, and eta aluminas.

If a hydrated alumina is used, a fluorine-containing species suitably may be added
to the hydrated alumina with the combination then made into formed bodies, such as by
extrusion or spraying. The hydrated alumina is then converted to alpha-alumina by

30 calcining the formed bodies. Preferably, the calcination is conducted at less than 1,200 °C.
During the calcination, fluoride is liberated. Similarly, a fluorine-containing species

suitably may be added to a transition alumina, such as gamma alumina, or to a combination



extrusion or spraying. The hydrated alumna is then converted to
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extruded. Similarly, formed bodies may be subjected to vacuum impregnation with a
20  solution containing a fluorine-containing species. Any combination of solvent and
fluorine-containing species that results in the presence of fluoride ions in solution may be
used in accordance with such a method.
Fluorine-containing species that may be used in accordance with this invention are
those species that when incorporated into a carrier in accordance with this invention are
25  capable of liberating fluoride, typically in the form of hydrogen fluoride, when calcined,
preferably at less than 1,200 °C. Preferred fluorine-containing species are capable of
liberating fluoride when calcining is conducted at a temperature of from 900 °C to 1,200
°C. Such fluorine-containing species known in the art may be used in accordance with this
invention. Suitable fluorine-containing species include organic and inorganic species.
30  Suitable fluorine-containing species include ionic, covalent, and polar covalent

compounds. Suitable fluorine-containing species include F,, aluminum trifluoride,

ammonium fluoride, hydrofluoric acid, and dichlorodifluoromethane.



i nvention. Suitable fluorine-containing species include organic and
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having a relatively low volatility so as to enhance their interaction with the carrier leading

to the strength-enhancing effect. Strength-enhancing additives may be selected from the
group consisting of a zirconium species, a lanthanide Group species, a Group II metal
species, an inorganic glass, and mixtures thereof.

25 The specific form in which the strength-enhancing additive exists prior to being
incorporated into the carrier is not limited. Thus, zirconium species, a lanthanide Group
species, and Group II metal species includes any specific element as such and compounds
of the element. Illustrative strength-enhancing additives include ammonium
fluorozirconate, calcium zirconate, zirconium acetate, zirconium acetylacetonate,

30  zirconium carbonate, zirconium fluoride, zirconium oxynitrate, zirconium silicate,
lanthanum carbonate, lanthanum fluoride, lanthanum nitrate, lanthanum oxalate, lanthanum
oxide, cerium carbonate, cerium fluoride, cerium nitrate, cerium oxalate, cerium oxide,

magnesium acetate, magnesium carbonate, magnesium fluoride, magnesium nitrate,
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fluorozirconate, calciumzirconate, zirconium acetate, zirconium

acetyl acetonate, zirconium carbonate, zirconiumfluoride, zirconium
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anount e strengt h-enhancing additive used, those methods used to
i Nncdi’poréd,®-IB,Marti Me(Ocwibkai ni ng species into the carrier as well as other

met hods may .suitably .used to incorporat h | - '
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such as calcium acetate. The strengthenhanci ng additive may be used in the
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addiAg Vegr combination thereof used as well as the amount of the strength-enhancing additive used,

those methods used to incorporate fluorine-containing species into the carrier as well as
other methods may be suitably used to incorporate the strength-enhancing additive. For
example, in one such suitable method, the alpha-alumina or alpha-alumina precursor(s) is
combined with a strength-enhancing additive, such as calcium acetate. The strength-

25  enhancing additive may be used in the form of a composition comprising the strength-
enhancing additive, for example as a solution or as a dispersion in a diluent, suitably an
aqueous diluent or, less preferred, an organic diluent. The strength-enhancing additive
may be added simultaneously with the fluorine-containing species; however, the fluorine-
containing species may have been added previously or may be added subsequently. After

30 the alpha-alumina or alpha-alumina precursor(s) is combined with the strength-enhancing
additive, the combination may be co-mulled and made into formed bodies and
subsequently calcined. Similarly, an extrudate or other formed bodies may be combined

with the strength-enhancing additive, for example by subjecting the formed bodies to



may be added sinultaneously with the fluorine-containing species; however,
the fluorinecontaining species may have been added previously or nay be
added subsequenBisn After the al pha-alum na or al pha-al eorns2@ses12ssor (S)
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bef ore hi anotohégltpogl tab:egp nﬁﬁ%fe tar’sg'ﬁ'&s[ﬁ' BJK ﬂgﬁaq’éﬁ&?% may be
added tcaxﬁmpreemmxbw Iesaddtd & iphiaabd Blufang sudastoehaita | with 1 cBh®aitisRr (s) or
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met B8d, combination of transition alumina and hydrated alumina. The combination is made into

formed bodies, for example by extrusion or spraying, and calcined, as before. In another
suitable method, a strength-enhancing additive may be added to formed bodies of alpha-
alumina or an alpha-alumina precursor(s) or mixtures thereof. The formed bodies are then
subjected to calcination. In another suitable method, the strength-enhancing additive may
25  be added to a carrier having a particulate matrix having a lamellar or platelet-type
morphology, i.e., after formation of alpha-alumina, and calcined. In such a method, the
strength-enhancing additive may be conveniently incorporated in the same manner as silver
and any other promoters, e.g., by impregnation, typically vacuum impregnation.
The determination of an appropriate strength-enhancing amount of any specific
30  strength-enhancing additive or combination of strength-enhancing additives for use in this
invention is a matter of routine experimentation. Suitably, it is desirable to conduct range-
finding experiments to determine the strength-enhancing amount range for any specific

strength-enhancing additive or combination of additives. A fluoride-mineralized carrier, or
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relative to the total weight of the carrier. While not being limited, it is expected that,
typically, the strength-enhancing amount of strength-enhancing additive will for Group II
metal species be at least 0.1 percent by weight, frequently 0.2 percent by weight, more

25  frequently at least 0.5 percent by weight, even more frequently at least 1 percent by weight,
and no greater than 5 percent by weight, frequently no greater than 4 percent by weight,
calculated as the weight of the Group Il metal element used relative to the total weight of
the carrier. While not being limited, it is expected that, typically, the strength-enhancing
amount of strength-enhancing additive will for inorganic glass be at least 0.1 percent by

30  weight, frequently at least 0.2 percent by weight, more frequently at least 0.5 percent by
weight, even more frequently at least 1 percent by weight, and no greater than 5 percent by
weight, frequently no greater than 4 percent by weight, calculated as the weight of

inorganic glass used relative to the total weight of the carrier. These amounts refer to the
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cylindric particles of 8.8 mm exter nal . . )
ASTM D6175-03, wherein the test sample is tested as such after its preparation, that is

with elimination of Step 7.2 of said method, which represents a step of drying the test
sample. For this crush strength test method, the crush strength of a formed carrier is
typically measured as the crush strength of hollow cylindrical particles of 8.8 mm external
25  diameter, 3.5 mm internal diameter, and 8 mm length.
Attrition resistance, as used herein, is measured in accordance with ASTM D4058-
96, wherein the test sample is tested as such after its preparation, that is with elimination of
Step 6.4 of the said method, which represents a step of drying the test sample. Preferably,
the fluoride-mineralized carrier or the carrier having the lamellar or platelet-type
30  morphology exhibits, when in shaped form, in particular in the form of hollow cylindrical
particles of 8.8 mm external diameter, 3.5 mm internal diameter and 8 mm length, attrition

of at most 50 percent, more preferably at most 40 percent, in particular at most 30 percent.
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silica, aITEaIailﬂ{r?et al_f fordlexa?,rp e0 ggiphﬁn%%{r@%gr ggfogtt1 }ga[;iﬁt@rxnﬁnaéﬁ%g%g?ﬁglﬁ(al i ne
eart h neveiht gfdhe eaxmerp | Tdhecatror umyadditionalipomesrisesiliGy bikab insctalafor i er s

gener al | r l.so nof, limted w r ect to surface area, water

absor pt iéé(ﬁ?lpgers ST PR otgss vy .an%ﬁ@gg%}e ‘?afth\ﬁlqt’l‘ , %’é cyaRieSalsHm B/ ehose
ski | | ed ri#pdebi@mart that surface area, water absorption, and other
properties can affect the crush strength or attrition resistance of the
carriPer . The Wifeblscarigregenstallyree elaphetrlimissd with resbéop thsurfice heastaer 1 m / g,

prefera : , pr ef.er abl t least O Jdg, apd in
part 1 cl nrergtion &8 neppibolhisg B AL R R PidbrRind oy dolietina & ana
the sur fthaieusfherared yvasatiabsdipiio) @n@ bthebsiopdicsB4r0affdet @@l siteddth BPSt 5
n2/g, and in particular at nost 3 n2/g, relative to the weight of the

carri er . 2tnggpesistange ahthe garriee. dhe spréacs areg of Hepgasierana sriteblydeet teestt he
f ) ) tt..and,.Tel |
oot hog ol BR @ pcabitl B £68 0¥t Bombicprdrerd B WIBKED TR0l if Bt C8 £ 036

pp. 2809-18560.61 gy relatifaioghaweizht of the carrier; and the surface area may suitably be at

most 10 m%/g, preferably at most 5 m?*/g, and in particular at most 3 m?/g, relative to the
weight of the carrier. "Surface area" as used herein is understood to relate to the surface
area as determined by the B.E.T. (Brunauer, Emmett and Teller) method as described in
Journal of the American Chemical Society 60 (1938) pp. 309-316. High surface area

25 carriers, in particular when they are alpha-alumina carriers optionally comprising in
addition silica, alkali metal and/or alkaline earth metal, provide improved performance and
stability of operation. However, when the surface area is very large, carriers tend to have
lower crush strength or attrition resistance.

The water absorption of the carrier may suitably be in the range of from 0.2 to

30 0.8 g/g, preferably in the range of from 0.3 to 0.7 g/g, relative to the weight of the carrier.
A higher water absorption may be in favor in view of a more efficient deposition of silver
and further elements, if any, on the carrier by impregnation. However, at higher water

absorptions, the carrier, or the catalyst made therefrom, may have lower crush strength or
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carriers, in particular when they are al pha-alumna carriers optionally
conprising in addition silica, alkali netal and/or alkaline earth netal,
provi de iwpnosadsqer f or mance and stability of operationPCiHasessn3izahen t he
surface area is very large, carriers tend to have |lower crush strength or
attrition resistance. The water absorption of the carrier may suitably be
in the range of from0.2 to 0.8 g/g, preferably in the range of from0.3 to
0.7 g/ g, athBloatresgiancs. Asaisedherhin, whtet hissoggtion ie deendedo dlaes bawatigsasateadn pt i on

may be in favor i [ a re effici.ent deposition of silver and
further F&ER it ?SS?%?E&@E‘E@%@SWOW REF At RONCi ehbRbe ateat

hi gher wahtetan¥$B5dbéDR the BEres BF fHetari@  reldife %A k%?%n BRAR b ef rom may
have | ower crush strength orattrition resistance. As Used herelin, water

absor pti on i siideerdencedvifthe present inecation.gtie catalystanaydeomoeisaiatsiivédSTM C20, and

wat erz ab ' I Sc: sed as .t he i ght .of the water can be
absorbe ?ﬁﬁ ?’%‘%@hrhgbg%%@ Egﬁe PREoRsly :ale%cfl, e& ETLEY Vé'"%g)mf“?@ovﬁg%h?re@fa t he
carri er .stlengthcmbastame anavrit bf & BRerpiie seitncind\i@dtiven, the catal yst may
conprise a silver conmponent deposited on the previously described carrier

havi ng i ncor pbieRaEdys peIppiises sileqres agetalisichln adtivg campoment.ofApareciable

strengt hs ks : C rises silve )
Cat al yt | o Py B e S A e R il 4 B P10 g a1
obt ai nedalyylaterpdsaiie mgight bi/the elemeanretaivens tefweaght @ caldlyg/ Resferg@lycul at ed

t. of the elenment relative to the weight of the catal yst.

as the i

Pr eflg r aﬁﬁ?/ ,gg?ll?’f%t COHPEISGRY Ve queBEtyfifiam 59 fp 300g(keimerp pegferbiW®0 t o 500
o/ kg, noree 19uebh b vor kg, .0r 120
Slicg, or a0 0 BaPt IR AR g, S or 9D R D PR e o i
addition to skhewetalysbmeyopmprise ithadfhtieetoesitven bhey okapeitigh-séladtaiityst s

conpri si hi.gh: sel ectivity dgpant ate known from US-A-4,76 1,394 and
US- A- 4, f@g?liké'spgwﬁs%ﬁog’ﬁ’éls’inﬁ@JP%@?%“E%H“H&PBW AR ORI IR LS -ATh 61,394

hi gh- selaaqiStALy,766)pes) whidPdte GRORIAE hireh BXRMPRe. TANRAASRIEHGRIPT i Sing
one or npre of rhenium nolybdenum chrom um tungsten, and nitrdate- or

ni t 1Pt e-dOBRIKP ALY COMPESM dar, exTmplen comhpencatst doniprigingama ot omayf haciumhe pr esent

inaqu i .0. 0, 500 el kqa,, . cul ated as the_elenent (for
exanpl e?ﬂélkfé&r/reﬁ@nﬁl’ %ﬁ%&h@ﬂé&%%ﬁ%%&e” Af ﬁ%%gilﬁ?mé‘ﬁ&%?o o?ﬁhaﬂﬁg 5n t he
total cathkbtywty dopastsmidyreatiebe presétitlin b fRartRy BT REMBUMPRUIATHABK/RAT t i cul ar
sel ecti on@'ﬂof nitrate- or nitrite-form ng conpounds are as defined

her ei nafcfishlatefins the elpmertdfor gramplecthenium, meplbsiepwuntimgsen, mitpegeni andlar a
G oup | Anpeti ' G Jda metal . nitrite. Rheni.um. nmol.ybdenum
chr oni u?} t ulnglg It8 iétrtllfieatrco)’réil t8 ﬁ%@ﬁﬁ’ trl‘f%%ltql é{r‘ﬁ\%;ﬁ r@{‘}t?%ognfu%% ATy Eg I?Vﬁ?f

sui 28bl eletiqrofnitets-as niriteafordmeaompounds @ yedifhrd ht@inEeaMDhEnita- 2

or nitrite-forming compound is in particular a Group IA metal nitrate or a Group IA metal

nitrite. Rhenium, molybdenum, chromium, tungsten, or the nitrate- or nitrite-forming
compound may suitably be provided as an oxide or as an oxyanion, for example, as a
perrhenate, molybdate, tungstate, or nitrate in salt or acid form.

25 Of special preference are catalysts that comprise a thenium component, and more
preferably also a rhenium co-promoter, in addition to silver. Rhenium co-promoters are
selected from tungsten, molybdenum, chromium, sulfur, phosphorus, boron, compounds
thereof, and mixtures thereof,

When the catalyst comprises a rhenium component, thenium may typically be

30  present in a quantity of at least 0.1 mmole/kg, more typically at least 0.5 mmole/kg, and
preferably at least 1 mmole/kg, in particular at least 1.5 mmole/kg, calculated as the
quantity of the element relative to the weight of the catalyst. Rhenium is typically present

in a quantity of at most 5 mmole/kg, preferably at most 3 mmole/kg, more preferably at
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perrhenate, nolybdate, tungstate, or nitrate in salt or acid form O

speci al preference are catal ysts that conprise a rheni um conponent, and
nore prefwoabdep28d480 a rheni um co-pronoter, in additionPCo/us2écd@si23Rheni um
co-pronoters are selected fromtungsten, nolybdenum chrom um sulfur,
phosphorus, boron, conpounds thereof, and m xtures thereof. \Wen the

catal yst conprises a rhenium conponent, rheniummy typically be present in
a quant i mystgfmaole/leg dn potitwiamdt eddst 1.Smmmeletlsepi Agdih, th@formaasihich Hemom ie/ kg,

and prefera |l east.1 mmole/kg,.in particular at least 1.5 mmol e/ kg,
cal cul atpgra%gég%ﬂ?‘té‘e&a%'ﬁf eyt B?{ef’ﬁtgéb%%ﬁ?ﬂ%%hfi%nm heRiuRETg R suitsb Lt he
cat al ystbe jRbeidediR Arbotid®bER| dnYoxPrAsE Yor Eibnﬁal%‘é@ﬁtrhéﬂété)% ;%T}%F%ﬁ giésalrﬁnml el kg,

preferably at nost 3 mmol e/ kg, nore preferably atnost
parti cul¥reckiforBst 1.5 nmol e/ kg. Again, the formin which rheniumis

provizded to t ri ' erial to the invention. For exanple,
 henium may sﬂgﬁegﬁfty{yg%aip%%%ége%qg ﬂéfﬁ“'(?}( F%rgroa?otgrse}rg OBy 4R é?] for

exanpl e,masledkg, hesedton the toue afd@ned fhe tdlevant éle@bntaGled thlfstn, blyPUSRERL -
typi cal amounts of the rhenium co-pronoter are from0.1 to 30 ‘'mmol e/kg,

based orfPFHRIUY SuIfus, RaesRhorys andier hasprvalativetodhe meight pf de catalysig Sthen,

mol ybdernym, if ' g or boron, .relatiye.to the

wei ght of tﬁe%%?gﬁg}shte.ﬁﬁ%gg IrJ %)9%@29%@%8{2 ﬁéher%alél}ﬁrﬁw(g&gaﬁ?rb%? Q’F is

pr ovi dednyantivhe Fomexangpie, itlse theniumedoeproalotdrandyhmithly®ptpr@AdedRran@xaieire, the
r heni.um co- pr.onot er. su;ﬁfbl y be provided as an oxide or as an oxyani on,
in sl t SPAQETHIPG SRR 40U t he catal yst nay al so conprise a Group | A

met al  componesifitabilthe Gh@UR: hhy H_Eg ?br%ﬁﬁég)m? Mﬁ%@?ﬁ%@%ﬁﬂ;rﬁlﬁ?@ge or

more of lithium potassium rubidiunm and cesium up 1A
net al cdApBsieheoneonent thpigally putrrses ame andéeroftidsimppotMsitm pubtiamabing, t he

G oup | al ,c nent ~CONMpLi S cesiumar._.cesiumin conbination wth
lithi um%e yltﬁll“ ch e?ef, q?ﬁ%e EouR InA&%]EctogprBSWﬁ%H Hm; I%Ot?ﬁs’é‘%ﬁd/ QTFCHE- cat al yst
in a quanibstpyefolablyl 6@l IAﬁhelQQor'ﬁgBhﬁft Kgm})ﬂws%eéim&%éiﬁ(mfiﬁom 0.50 to S0
mol e/ kg, nore typically from1l to 20 mmol e/ kg, cal culated as the total

quanPi t youbimagien syidykihnm. T vpigally, the Grivep W imgial cofmpotmat isgiredeysin.thdhe form in

whi ch t ' LQVi t he carri.er.is nqt terial to the
i nventi g%a%g%eilg&pﬂm@%%I%O@“lgﬁégﬁglmr@?)&g’ rﬁﬁv tgﬂf?l%ﬁsrg’/mg)es ‘gﬁ% i ded as a
hydr oxi demole/kgatore Apicatie trohel ®i 20 middge/kitl 2Blchilayedas 158 @D gL iIRbAte Pr €SENt
in the cgetn:zral ?ﬁtl.'lltis deenmed to be the (%uantity in so far as it can be

§

extract & he te fieavsight fithacagdystorhg Sernviarwshichthe Group IA metal is

provided to the carrier is not material to the invention. For example, the Group IA metal
20  may suitably be provided as a hydroxide or salt.

As used herein, the quantity of Group IA metal present in the catalyst is deemed to
be the quantity in so far as it can be extracted from the catalyst with de-ionized water at
100 °C. The extraction method involves extracting a 10-gram sample of the catalyst three
times by heating it in 20 mL portions of de-ionized water for 5 minutes at 100 °C and

25 determining in the combined extracts the relevant metals by using a known method, for
example atomic absorption spectroscopy.

The preparation of the catalysts, including methods for incorporating silver, high-
selectivity dopant, and Group IA metal is known in the art and the known methods are
applicable to the preparation of the catalyst that may be used in accordance with the

30  present invention. Methods of preparing the catalyst include impregnating the carrier with
a silver compound and performing a reduction to form metallic silver particles. Reference

may be made, for example, to US-A-5,380,697, US-A-5,739,075, EP-A-266015, US-B-
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100 OC. The extraction nethod involves extracting a 10-gram sanple of the
catalyst three tines by heating it in 20 nL portions of de-ionized water
for 5 m muDeasocaRsw00 OC and determ ning in the conbi nedPextusaasmn3t2be

rel evant netals by using a known nmethod, for exanple atom c absorption
spectroscopy. The preparation of the catal ysts, including nethods for

i ncorporating silver, highselectivity dopant, and Goup | A netal is known
in the d€n36%M8, W-0RASGEA3 MO0 ES5 BBdend PHOFUEDIAB St whicharginep@batddn of t he
cat al yst etreQa% rrzfg be used in accordance with the present invention. Methods
of pr ep&lrl nl(}; ¥ RE“EH Al yst include inpregnating the carrier with a silver

conpound and TRIrE@IoASf SatioRti ko) theallipsIVRLR) bd &;céfnbﬁﬁfedﬂﬂﬁ%%ﬁl es.
Ref erence may be made, for exanple, to US-A-5, 380,697, US-A-5,739, 075,

EP- A- 266tep9n Wheshage safglygbig drigd-sodhat 533@duanonGe s088diks antredDrODs4B885, whi ch
are iznc i f erence. The .reduct.i on of .cationic silver to
el PR AL g BT S e R R o e BTt t vt s

dried, sgeithftr ekdispleptdiiala) SechsdindCesp iHOlitabBAsFEd SutSe R AnfeRatiic0CeSS
step. This may be the case if the inpregnation solution conpri'ses a

reduci n@tabEaet 000k, Brelarphl at mastPOA| a1 morepreferablyl phanogs 280 &6, ¢vensudre abl y
carried st 300 OC,
nore pr féé{%rgg{y ﬁg%&%ésq q%é%&é%ftabgbaetr%%ﬁgg}r g&e?@%%?g‘?%é%?% C, and
sui t abl yeaat 260 ‘{bmrpne atefiereblgfat st 228SC, @4 éze ppefefablyaddlisased20 *eastitaBBO 0C,
mor & prsleratl)_gy t. 1l east 210 0C ever{, ngre E)referably at | east 220 0OC,

sui d8b1 yOFHPe d;f’grt’il’beoo lw%m&ut%tprq g3 ty o legsi panutgs; arérumbly faral east 2
M nut es peAbd ot %phﬁlmt)é}r@@niﬁﬁfe'rsfg?ei@faby :ﬁ‘?n(%ft 28 niffRsl n%])fg B}rﬁ?%%lﬁz’at

preferably at nost 20 m nutes, e preferably at npst s, and nore
pr ef er aligst &% nwges, 20d monpreferably etooagH Ot ménysesesent epoxi dati on process may

be carried ouf,.in ny wa it.1.s desirable to cajry.it out as _a gas phase
process, i. el.}\,lthguﬁgﬁjgéggseﬁié%}d@ O} P %&é‘_&‘%{‘éﬂmaﬁym&d@é_ phase
Wi th thelegigdb®d (Sharrwh il ab & ghd SIEROHrodSssH. S0l hidc R L Whth the ¥Rl §8ldnYactdd @

fixed bed under epoxidation conditions. Epoxi dation conditions are those
conthP nai BigLag phass eith the matalysiovhish s nresepbasen snlid mastarigdy opratipin afivset whi ch

et LA S R NP e T

conti nuous process, suc

fi xed- bednditiodhamblyeaep@atre ddipressnics ahded WHEN oldatieRGiPbedias a plurality
of el ongat ed tIgCJ}Pes typically situated parallel to each other. Wile the

si ze an$eRERHEhegIoedshiscaprss Qi ag 2 perginupBnpIosesst Bich @adiedypical copmpiereibl t ube
used i N3, CQTHRSICHR! AixeBARE bl fealtde @ | ength between 4 - 15

20 The typical commercial reactor has a plurality of elongated tubes typically situated
parallel to each other. While the size and number of tubes may vary from reactor to
reactor, a typical tube used in a commercial reactor will have a length between 4 — 15
meters and an internal diameter between 1 — 7 centimeters. Suitably, the internal diameter
is sufficient to accommodate the catalyst. In particular, the internal diameter of the tube is

25  sufficient to accommodate the formed bodies of the carrier. Frequently, in commercial
scale operation, the process of the invention may involve a quantity of catalyst which is at
least 10 kg, for example at least 20 kg, frequently in the range of from 107 to 107 kg, more
frequently in the range of from 10° to 10® kg.

The olefin used in the present epoxidation process may be any olefin, such as an

30  aromatic olefin, for example styrene, or a di-olefin, whether conjugated or not, for example
1,9-decadiene or 1,3-butadiene. Mixtures of olefins may be used. Typically, the olefin is a
mono-olefin, for example 2-butene or isobutene. Preferably, the olefin is a mono-a-olefin,

for example 1-butene or propylene. The most preferred olefin is ethylene.

14



meters and an internal dianeter between 1 - 7 centineters. Suitably, the
internal dianmeter is sufficient to accommodate the catalyst. In particular,
t he i nt erweal2oaiasmver of the tube is sufficient to accomrgodst@swobess or mned
bodi es of the carrier. Frequently, in conmmercial scale operation, the
process of the invention may involve a quantity of catalyst which is at

| east 10 kg, for exanple at |least 20 kg, frequently in the range of from
102 to 107 kQ@he oRfit chiiegtatidd i the fdet enaydegeleofed fovithim 4 03de xang®6 kg. The

| ef i dinth t i dat | b .ef i h
an”ar omypiealiy éha qiebn gmeazisPan she feanult B Serotl St maite F rs R e ont ugat ed
or not, tcftﬁﬂrfegdfa[?%%krﬁbl%’ Rvﬂ?%?% 8RGae b AInPO5AE 70 Role M th Breisulaf fromef i s may

ypi cal Iy, the ole

be used. ini1s a nono-olefin, for exanple 2-butene or
i sobut ene60 Riokf % aithe, satdedasik.e s msédshezeinpthe feedas ednsidefasitodrabirl e 1- but ene

or propyl ene...The nost prefer olefin is ethylene. The olefin

concent F%P%tl‘?qﬁt?’?ﬂé c?%tg‘bteé‘rﬁ’)}ﬁ’gﬂe %aé‘ﬁ?é%t ed within a wide range. Typically,
the ol efin copgppképlehidhtibd fiBcdss afdyWelalr-tigedbr dMYgbn-BiscdpieeKirkr el ative to
the total feed. Desirably, it will be in the range of fromO0.5 té) 7_2

mol e- % QthmpeEndyclopedia bf GhemicabTahnploEE> G cgiionh ¥ obupe0 380 op- A&>-G4Ed
herein, .the feed is consi.dered t .he (I | ted with
the cat & JEeiied Brog8dn BLEL il s REER St B Bl e RO LRe

oxygen- baaRing 8ot whils kr thooR§Esn-teRey ploopsel lghbuhe(typiedllyke tdastdl>ogy ™, 3rd
edition, Volunme 9, 1980, pp. 445-447. In the air-based process, air or air
enr il8 hednalpOh axygerels erplesied|as fhspoyecerof gh lélé‘g&ﬁelithgrﬁ%l@ﬁi‘?% agent whil e
in the ox . 28, hi g ' t d@RShreSnt Mol e- %
oxygen (28B4 A et RaE Raugl thy I kiRt ERbbdhnhe S b Mot
epoxi datihesmtiph.ant s are oxygen-based and this is a preferred enbodi nent of

the present invention. The oxyge oncentration jn.the feed may be sel ected
within a w déhegryen %Wl?ggfhaﬁ&a{bﬁf@éﬁe %g]&péeednw]t DSHer AT applied at a
concent gl QR G 8 A% b¥FednNg obil fed 80 dBRcenthition @dt dvoitihe

concentration ‘of oxygen applied wil'l 'be within the range of from1l to 15
nol 5% fiaieatily pigoaé.| Vyificaly, thetoongentmatipreobeizen Aeplicdtvaill beawdhin the 18R8fer t o

remai n outside t f bl e, reqi t ncend,r atd xygen in the
f eed rrafgérqﬁbié‘? Eﬁ%&-%@%%ﬁ’@b%lﬁo%%?%fp?’%ge A Ogtftfflér)l{%fagtf?e%ér eased. The
actual safe qReF®L kd\EniANE@SEIdd eReMamable Repik| the thecehesitbrosfropggért indhe  on
the reaction conditions such as the reaction tenperature and the pressure.

A react i foed maylbé laavererhgs the concsatation of thelefip éginpigasedn dhg defualsafthe

sel ecti Vcl);;[e}/a‘ting ranges depend, along with the feed composition, on the reaction conditions such

20  as the reaction temperature and the pressure.

A reaction modifier may be present in the feed for increasing the selectivity,
suppressing the undesirable oxidation of olefin or olefin oxide to carbon dioxide and water,
relative to the desired formation of olefin oxide. Many organic compounds, especially
organic halides and organic nitrogen compounds, may be employed as the reaction

25  modifier. Nitrogen oxides, hydrazine, hydroxylamine or ammonia may be employed as
well. Tt is frequently considered that under the operating conditions of olefin epoxidation
the nitrogen containing reaction modifiers are precursors of nitrates or nitrites, 1.e. they are
so-called nitrate- or nitrite-forming compounds (cf. e.g. EP-A-3642 and US-A-4822900,
which are incorporated herein by reference).

30 Organic halides are the preferred reaction modifiers, in particular organic bromides,
and more in particular organic chlorides. Preferred organic halides are chlorohydrocarbons
or bromohydrocarbons. More preferably they are selected from the group of methyl
chloride, ethyl chloride, ethylene dichloride, ethylene dibromide, vinyl chloride or a
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suppressing the undesirable oxidation of olefin or olefin oxide to carbon
di oxi de and water, relative to the desired formation of olefin oxide. Many
or gani ¢ cwopoawdsy4oespeci al |y organi ¢ hali des and or ganiPCTRISR00SY&I23S
conpounds, may be enployed as the reaction nodifier. N trogen oxides,
hydrazi ne, hydroxyl am ne or ammoni a may be enployed as well. It is
frequently considered that under the operating conditions of olefin

epoxi daf i QirelihGedt NIQY P& RhtioAdns @ A6k afethfidhioriesnd pthyfmmecur sor s of
nitrates or nitrites, i.e. they are so-called nitrate- or nitrite-formng
conpoundishlpufle. e. g. EP- A-3642 and US- A-4822900, which are incorporated
herein by reference). Organic_ halj f : I ifiers,
in particul a%ul gearﬁ%%geﬁ]r%ﬁ?e&ea& g%‘grlllg%?r%e?{éﬁf)%ﬁggﬁ(?‘cu %}&Hgﬁggrﬁ%h'g‘i’i}h ori des.
Pref er r ggmor @ iad fludd €6r aapldINO; NhOae;BonSuitebldemgawhpidragear bons. Mor e

preferably they are selected fromthe group of rret.péil ch] ar ltde,f et hyl

chl of i deompaumgh arsdlitge eompRYIds, NiEPIOCEMOURTSH ABHRSIIRCH I UHTEY i'Ye or

am xture the p 1C1 di i %l en®bhiivhengd)! ori de and
et hyl en& 5?'151%&2{0{%%{?&% ui {ug{?ﬁge({pgﬁ? é%gﬁ&@%ﬂggs arIg of the general formula
NOX  whengiate-%r hiiritefotrhiag camgeunts, &.poitrégdnooxddesand/or prganigantfregenexanpl e NO,

N2C3 and N2O4. Suitable organic nitra .conpounds_are _nitr ounds,
ni t r 0S0CYBPAYBIGHISE u%t%@ermlfq%ggarggggl}fﬁ ]E‘TFR%Q(,MSI?IO&‘P % %nrlr%&lel&ﬁl ‘r omet hane,
1-ni troproparf, Peracg&{‘lintl?iQfsoe[?@Q@nQrilfy SR8 Wheh 85¥aGH 10 Bbrfoentationdhe- or

nitrite-formng conpounds, e.g. nitrogen oxides and/or organic nitrogen
conpeunds; feat, dorsxentptearpetofet male-th, smlatoiega thectotsh faedefor p efioBuUl ar an

organic chlorjde.  The reaction. nndifiers ar eneral ly.e ' n used
in | ow @&déé@i% foy-PbAole 7 %@8,“?”5’@&&@?@%&% 3{1%160&18 }Er%feg{ek};fﬁarte ative to
the total fee i §F- Rk 0akeo %o S0k 10dmidleul ar
when théea(():{le %ﬁd{fgggﬁﬁﬁjﬁ]@,th‘??ég}lg %F&é#cg@%%&t hat the I’eva[i on nodifier is
present o}, fn bhgichieedomto. 3 mdnesoki @t mote-%f rdatomt@itiexb@l feelo 50«1 O 4 nol e- %
in particular from0.3xI0 4 to 30x10 4 nole:-% relative tp the total feed.
hi addition fioadditomtoghe alefigxeEan addhs wactiowuedifer Rsdeed Y COWaY ced may
contain one or nore opti Qﬁﬁﬂit - kB JdrSRagRgs.and

sat h?at &8° Ry Hose ogglsqoq%r@gljrz%tg’ggges, fl‘is)lrnefét gshe%?éggﬁétt&rraogen}rd or ar ggs)n, may be
present Hdit bies, ffeeskainplenicogaentargdn, arydk presont i8Ohe fsed O aretnsentatiopsifcal | y
from40 to 80 nmole-% relative to the total feed. The fee Yy£ORLAI N

sat ur at A mBlnS, tgirailydiog éél’ﬁolﬁoa‘?lg]g" ﬁy‘i?fagléfgl%ﬁﬁé[Oth@g%E?ﬁ%gegaand

et hane. r,}l%f Csog%alﬁg g&r@%te%ﬂ%&%%rb%gf‘ﬁs&faﬁle‘%faﬁéﬁ% hydrB@xbsRYrdmetagsent in a

quantity e-% relative to the total feed, in particular up
to 75 nutlemdh Iffseaatedhydrotanegnsraag present, they may be present in a quantity of up to

20 80 mole-%, relative to the total feed, in particular up to 75 mole-%. Frequently they may

be present in a quantity of at least 30 mole-%, more frequently at least 40 mole-%.
Saturated hydrocarbons may be added to the feed in order to increase the oxygen
flammability limit.
The epoxidation process may be carried out using epoxidation conditions, including
25  temperature and pressure, selected from a wide range. Preferably the reaction temperature
is in the range of from 150 to 340 °C, more preferably in the range of from 180 to 325 °C.
The reaction temperature may be increased gradually or in a plurality of steps, for example
in steps of from 0.1 to 20 °C, in particular 0.2 to 10 °C, more in particular 0.5 to 5 °C. The
total increase in the reaction temperature may be in the range of from 10 to 140 °C, more
30 typically from 20 to 100 °C. The reaction temperature may be increased typically from a
level in the range of from 150 to 300 °C, more typically from 200 to 280 °C, when a fresh
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be present in a quantity of at least 30 nole-% nore frequently at |east 40
nol e- % Saturated hydrocarbons may be added to the feed in order to

i ncrease wbheoaozgen flammbility [imt. The epoxi dati onpPprarse®s/oseys be
carried out using epoxidation conditions, including tenperature and
pressure, selected froma w de range. Preferably the reaction tenperature
is in the range of from 150 to 340 0C, nore preferably in the range of from

180 to 32#alfe.is e, toarlevdl om tHeanipgy Giitne 28046 18 90) ek SRR FHabhYtPr in a
pl uralitézog steps, for exanple in steps of fromO0.1 to 20°C, in particular
0.2 to 182CC.iea thecasalystihes lereayedin astisitydudtomgeigal | ncrease in t he

reaction te e in.the range. of from 10 to. 140 C, nore
typically frg?}]f%%&)%( gdagg%p % ?S&ﬂﬁbpﬂcéaygtc%ﬁatoé} ASAGPERIRE Prasere frthgased

typi cal | sanfe ofifram| 16008l to BI500NPar &GSV orf GRMMRE acdWideity HOhE uhi P cal 'y
from200 to 280 C, when a freshcatalyst is used, to a |level in the range of
f r om230VRIBm8 £ 8¢S at perraal irpperaiurs and ypssawed0r°G, B2aBn,0€,, IMhdrkPahpassiagal yst has
decr easeg,d 4 Vi i goxi dat i gn ocess,i.s typicall
car i od out Cag Tt ¥tk et R oe S PR DR B SRaRe00 o 3, 00
kPa. " GHBWtesslis Gars pHaser pryceSp amelveg 0 Gixed cdtalystived it GRSV Wil 18 radds oft

nor mal t r r ssure (0 0OC, 1 arm i.e., 101.3 kPa) passing over
one uni tg&gﬁéﬂéﬁl)&@ﬁmﬁkat al yst per hour. Preferably, when the

epoxi dati on praessdid g . j j ' tal yst bed,
the GV i 5 | o rps tixkicds 385 s b EEM Y PioetR s kad BB R sakat 75"
by- pibdutth¢ feed hEhe pokomdickisle npaydegsssentindhe fied asayedad gibehgnécovareihe f eed.
The carbgn_dj oxi ﬁetma.% be{ﬁ)res&tnt in thgﬁ;%ed a result of being

recover e%m?jr R PRE B 3‘3&? L BGRRYREE R AACE Ry BRReAdaPerled: and/ or
oxygen anghicRY s b&tbentiatRnGH chibon JiSANCRALS Rkl ﬁﬂe)&tess?&flzlg%o l%,;j}rgﬁn{b the

nol e-% r

feed in excess of 25 nole-% preferably in excess o e ive to
t he t ot ol ekesg of | @ melaVod eadativario shpvigtel &agd, isfaveided.pr esent i nvention is that

wh th i t at. | ovwer .| | s of carbon. dioxide in the feed
ana ¢ hocat o S RtBEe ORHE TR i R SR e R s oSS < i
peakiSsellewtr levtly ofcatbompioRidedn Hearbid ardythe batallystidoRGriseis MEBRSERRdrchy 1 N

sel ectiv%t%; and/ 0{1, I r’rB_roved stability in achwéjé. As such, the process of
the presBRPIOCRPSHIIbYR high neak peleghivity @bd dprosed siabitity, tnshaling weprowder e t he

o AR LSS DA LR S S SR o
| ower t haescht mwbmetiotis devimphlytdondihasd hraise coriditasns whbke i lcenccHiratisn si5€d.
E;re g gﬁ : téa}%onvg}gxr%dg {naltﬁé Ifeceld rllg log&be? thaL%sn%Qlte-%,nr\élea?i% Sc)ontlhe ttc?tgl f%gél.csel?igb?)}, Iao nof
20 concentration of carbon dioxide lower than 1 mole-%, in particular lower than 0.75 mole-
%, is used. Frequently, when practicing the present invention, the concentration of carbon
dioxide is at least 0.1 mole-%, and more frequently the concentration of carbon dioxide is
at least 0.3 mole-%. A concentration of carbon dioxide between 0.50 mole-% and 0.75
mole-% is particularly desirable. It is contemplated that the process of the present
25  invention may be conducted at nominal concentrations of carbon dioxide in the feed, i.e.,
concentrations approaching if not reaching zero mole-%. Indeed, a process conducted in
the absence of carbon dioxide in the feed is within the scope of the present invention.
Catalyst performance is conveniently measured using a standard set of procedures
and process conditions. For example, a typical standard procedure calls for 3.9 gof
30 crushed catalyst to be loaded into a stainless steel U-shaped tube. The tube is then
immersed in a molten metal bath (heat medium) and the ends connected to a gas flow

system. The weight of catalyst used and the inlet gas flow rate are adjusted to give a gas

hourly space velocity of 3,300 NI/(Lh), as calculated for uncrushed catalyst. The gas flow
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dioxide is at least 0.1 nole-% and nore frequently the concentration of
carbon dioxide is at least 0.3 nole-% A concentration of carbon dioxide
bet ween OWBQowwni2894% and 0. 75 nole-%is particul arly desipcahiseo0sios1285
contenpl ated that the process of the present invention rmay be conducted at
nom nal concentrations of carbon dioxide in the feed, i.e., concentrations
approaching if not reaching zero nole-% |ndeed, a process conducted in the

absenceiohes adjhasd & w9 Behiwith feinfce gk pressaid &t 13 20HPas Cipgasimiktues pr esent
i nvention. Catalyst performance is caonveniently nmeasured #ﬁ%n%{l st andard

set of pewedtueesh theeatplysidedsingoware-tamagh” pperaiQpAyrag the 4t "8t andar d

procedute,cal for. . il Og b )g;agg@,cb_'g Weabsit ai nl ess
st eel Lﬂ%ﬁ%%%%ﬁj{e&%g ‘lo’przse(g)tn%rlel&?ty {Eﬁgtn@&/n{?e@?tei ?1 /gvéml ten mg% al bath (heat
nedi un) dasxddd, be.sesdsitoganant 20 to 6.0pagady hiitliondystodume Frevidetighchlofideat al yst

d d the .inlet fl t . dj d.t i h
Vel 0% 1 S HemGeIgEes N IFppete FoRuiel S F g e inen el ATIFIL? e gas
flow s tp%ef);('cglﬁ% Y54 ijaﬂdptth%? S%SEEA Bo W4 {ohichiRv RluBdiredPartid PRSdUre 00h1 P340 kPa.

The gas ure passe the catal yst bed, in a "once-through”
oper at i ethyleheroxidy at tie resttoratleest run i ncluding the start-up, is

conveniently set at 30 % _.ethylene, 8 %. oxyge 0.5 9 r | 9xl de,
61, 5 ok it dBeeh e Bed eSS ia Srdiom Y rrn e T aRsr bt
chl ori dg.caEHat b&h}%ﬂlﬁﬁ% 5 SidE 0bmbSIERE hidd AlfiRniuen EaAy@RhEddPoditekBéh HC and i s

ranped up at” a rate of 10 OC per hour to 225 0C and then adjusted so as to
achil@ve fluoddeiminetalizadicerierpresniar ayng 4 particefie BatrEhy g RlaBEll#e at t he

t t . W i-NQ- t i it | ef i
oot gninieEhae 0T, BAViRE pRp PR LR AL Bt @immodhlior B!
r heni umggenRBRENdncERRAgItivedman achiéteyrak deectivitbrsaireaterdhamd ¥%oe Preferablyar ri er

having a particulate matrix having a |lanellar o | at.el et - e nor phol ogy,
havi ng ith%mos@ﬁsa@léavqsr?éaléﬁﬁﬂecéwgtqsW%-twg(ei %‘ﬂ{?fgﬂﬁﬁﬁ?{ﬁﬁ&rﬁ’é%mcess
strength, ' ifhds G E eRERK A6 Bk DYY! FREuEHBARS than
85% Pr gf@@g%%%l,aﬁtgﬂg(qg}rl%égéggesat%gcﬁ?@%égs pegk sefecti vities %?gatg)? than 87%
Nor @5pr gireceabhohievehipedirselzetvitiaco awesst P&ak sel ectivities greater than 89%

d ter .th 90% F | t . i.
el eot 1 vi U1 congRtiopubemonsatgar theshia Py o G SRR KR Mo e 1 evel s
of carbqfje&li n%%&?{ﬂfatibﬂ gfd&_@ssflﬁﬁ%: a a8y @ 6hbAsiBR aXilecoRPoRi® aad s rhing a

catal yst co Si ng silver "conponent and a rheni um conponent deposited on
t he car rdosrponér\diepapited o thporamtierdhaviveg wicorparated thergima & eRfngRdunt of a

S0 R A8 ALt A P TRIR gl Te ol T I o

20 The olefin oxide produced may be recovered from the product mix by using
methods known in the art, for example by absorbing the olefin oxide from a product mix in
water and optionally recovering the olefin oxide from the aqueous solution by distillation.
At least a portion of the aqueous solution containing the olefin oxide may be applied in a
subsequent process for converting the olefin oxide into a 1,2-diol, a 1,2-dio] ether, or an

25  alkanolamine. The methods employed for such conversions are not limited, and those
methods known in the art may be employed. The term “product mix” as used herein is
understood to refer to the product recovered from the outlet of the epoxidation reactor.

The conversion into the 1,2-diol or the 1,2-diol ether may comprise, for example,

reacting the olefin oxide with water, suitably using an acidic or a basic catalyst. For

30  example, for making predominantly the 1,2-diol and less 1,2-diol ether, the olefin oxide
may be reacted with a ten fold molar excess of water, in a liquid phase reaction in the
presence of an acid catalyst, e.g., 0.5-1.0 %w sulfuric acid, based on the total reaction

mixture, at 50-70 °C at 1 bar absolute, or in a gas phase reaction at 130-240 °C and 20-
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met hods known in the art, for exanple by absorbing the olefin oxide froma
product mx in water and optionally recovering the olefin oxide fromthe
aqueous swbuvicomsday distillation. At |east a portion of PChaSagpams1235
solution containing the olefin oxide may b e applied in a subsequent
process for converting the olefin oxide into a 1,2-diol, a 1,2-diol ether,
or an al kanol am ne. The net hods enpl oyed for such conversions are not
|imited, 48ibar absokite, peetférably ik fevabséme bfie canlystrdy theerepmtioy 6twatthg t er m

"product ;g x" used.herein i nderstood o refer._to the product
r gc over el rq{%%dm%%ﬁéopé’ﬁ?cf%?fe %?"dfﬂgﬂ@ﬁdi iesteseh Thsabt ol cthses thuspiodsedn i nt o
the 1, 2- giaglbearditetifer, kriZtithir OletrRLMRF oF PILSQHRA! Shor. m{enng@g& T2 diged 09 t he

olefin oxide with water, suitably using an acidic or ¢ catal'ys For
exanpl e, ¥ PePEIDARY Yrasavetingthd glefithexide Rittlianlalahdl, kepatidyla- dprihagt her, t he

ol efia oxj reacted wth ten fold,nmolar excess of water, in a

i quig pﬁ%’ggoLp%\g%???ﬁﬁ}aﬁgf%eewa]s 3%6@’%‘“%% l%iﬂpe%al%ftew@?rgbx thg 5-1.0 %
sul furi calkecha, based on the total reaction m xture, at 50-70 OC at 1 bar
absol ute, or ig a gas_ phase reaction at 130-240 OC and 20-40 bar absol ute,
preferably i nlfheryssindaioghe alkenelaminetmay gomise peasfiog thieariefif oxidé withi s

| ower ed Hh&nRIcORRE Lk : Al thers.is jncreased.. The 1, 2-diol ethers
t hus produced e’may%e a di fmeat}ﬁ%?&'y?%rlnﬁlg’t?‘lrearqla@gtaplér}eetzﬁgkfydfi‘?usei” S8 uent

et her. Ahmmonathagbeysed, AnHidoueingbsiatayyphallphedbioaiy@YhS NS Hdng t he
ol efi)i(g oXli deaé]\évith cohol, .in llzzarti,cul ar a prinmary al cohol, such as
met hanol “SFOREHQIAIIe hlormEpfads anpligabls wthe cenvstrian efithe plefinexidstinto thy t he
al cohol . J[khe]140RY e iR "n%ﬁb th ' Ry, % se.reacting the
olefin oxide with an am’ene, guc%egé’kig?n%oa?ﬁézggasn@ft’ yr glmwglécti”%r a

di al ky| aWicoi@orafgdhetivin by refereageieous ammoni a may be used. Anhydrous anmoni a

is typically ed,to .fayor .grqducti on of nonoal kanol am_ne. For nethods
applicabl e i n’kﬁ%gzbdg?‘}\?@%{g?eotggfﬁte I flagpe psglingdargsvgrieto! sndesisl ani ne,

r ef er encappiieytiose, BREerle i b FRKBHR SIS Arbed coMllbgly S i ncor porat ed
herejn by reference. Thlg §L 2-diol and the i%-’ﬁ?%ﬁ%gg’tcﬁé@b%y be used in a

| ar g€ valF@igplastic palymees: cutableypsin s yatérosn detefgentse hentphasfemsyslomsf étel The of

food, beyps ~ sietics her mopl ast i ol, rs, curable resin
(000, DeginREn FAVYEGe RSy DGR ARl SRR T st 52
used, for exatiplkss specifithethiefveiad, itigorgmEveehBITE Men@bn el Al fog @§ameé‘<119| ess
specifie o{ er \gl sg, the or Iqani c conpounds nentioned herein, for anpl e
the ol ef PASMES 24150 L2rdiol eihesp, dknelanines kegavicantroges covpgmniscamd t rogen
COMPOUNUS oA Halficg AV E ¢ i ically at nost 40 ca n _atons,
more typi %al I_ya 3 te: Ay }g)géaglggﬁrgﬁg@ﬁfﬁcatr%% a%oms,%nore typlce{lly a? mos{ 5)00 carl?on
20  atoms, in particular at most 10 carbon atoms, more in particular at most 6 carbon atoms.
As defined herein, ranges for numbers of carbon atoms (i.é., carbon number) include the
numbers specified for the limits of the ranges.
Having generally described the invention, a further understanding may be obtained
by reference to the following example, which is provided for purposes of illustration only
25  and is not intended to be limiting unless otherwise specified.

EXAMPLE 1
A calcium acetate impregnating solution can be made by dissolving 28.28 grams of
calcium acetate in 165.0 grams of distilled water. 100 grams of a gamma alumina cut into
individual cylindrical formed bodies is evacuated to 20 mm Hg for 1 minute and the
30  calcium acetate impregnating solution is then added to the gamma alumina while under
vacuum. The vacuum is then released and the transition alumina allowed to contact the

liquid for 3 minutes. The impregnated transition alumina would then be centrifuged at 500
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atons, in particular at nost 10 carbon atonms, nore in particular at nost 6
carbon atons. As defined herein, ranges for nunbers of carbon atons (i.e.,
car bon nuwbenijé/izgebude t he nunbers specified for the |i rCraisedosobre3s anges.
Havi ng general ly described the invention, a further understanding may be
obt ai ned by reference to the foll owi ng exanple, which is provided for
purposes of illustration only and is not intended to be limting unless

ot her wi $pmsPez ifinees toEMAMRE & dessAiquad. cThincahdemaicetateripipegpnateil tignsibdwit i on can
be made by dissolving 28.28 grans of cal ci.ym.acet in 165.0 grans of

di stil | edinyae gsl e’fﬁméga} lagfoav%ﬂ%g% %M‘Liﬁ]aacfgf % ﬁ?‘&s-i ndi vi dual
cylindrical fof gBd Bodi 850k BRGNS IRicAaHTBe ade®y dlssBlvinyl B.963 t he
calcium acetate I npregnating solution is then added to the gamma al um na
whi | e urmlens eBmumonivith@uorsleuu o5 grantsed distilledwetbrand the transition al um na

alloywed to contact.the liquid for m nut es. The inpregnat {ti on

al ungﬁa woul d "Fiféd llﬁ%a%%ﬁgﬁrp?ﬁéﬁ%ecg?a@gﬁ) P o3 ﬁm%ggte?go %((gaﬁ]%\iggexcess
|iquid. fgpensiale hﬁﬁ%%ﬁfrﬁérﬁmﬁﬁﬁfoﬁﬁ@ﬁﬁﬁd%ﬁdﬁ@@%bhﬁ@ﬁ cal bemhdiRdpetheet s is then
dried in flowing nitrogen at 110 C for 16 hours. An ammonium fl uori de

i npr egndtansitios eluminowhge pndss veee. hhelvasgwms fgn releaes apd Biedragsitighmoni um

fl ide.in. 16 St : T ' e i ted
transt ¢ otn ahe aE WEeeRiast i ol ¥t (06 ER-GLHBAREL LA himpganal ©
anmoni urthéd eeakifdged AP0 Gp@atfbNY nbvlted fo@emoaneeessiitped Ingprefrentddrteansitivhon

al um na whi | e under vacuum The vacuumis then rel eaﬁed and the transition
al urtifna adymipqeellets adheméncd indlowipgnigrogs at3l 205" (ulce 40 D9¥WE: | npr egnat ed
transition alym Is - ats : 2t MIAAULESSehiré ENOVE
excess |iqui ﬁ{g:ﬂnl%gééﬁg%g%e?%%{llﬁ%ﬁgé t}%ﬁ%g%el félftl)éﬁare henﬁzri ed in

f 1 owi ng atirhinagarilde. ApProRithatelyl®ghd alsiuniTdvadel isipdabeid mpr egpoad dight r ansi ti on
alumna is then placed in a first high t erat.ure alum na.cruci bl e.

Appr oxi rfﬁ@é?r_ﬁt"%‘tﬁlu@ﬁn%cé}lﬁlpgmﬁ‘fi ﬁeglpﬁliaﬁgga UPHng, CIiE gﬁn nfﬁna_:*g nper at ur e

al um na ; Blef traf 8o h@hihSIEREICRY U6 1R BdruhiSh teigk RueQMingingi Ny t he
i npr egnalt é’g%nr gns]iati O?\ al urh na’is placed into tlglcﬁa seﬂgond hi gh tenperature

al uniisna aneiblepwhichwhitains dontadding oxhie, e isithem aoxergd withnaithird bighen cover ed

with a third hi tenmperature. al umna cruci bl.e of smal|l. ' t han t he
second c@ﬁ‘@?@?’é‘?%ﬁ?ﬁrﬁg}’yﬁﬁ@maﬂﬁ? 8??3?%@”? F}éenss?f:?rlld(;%u%ﬁfm ncgiqiﬁst%eoc ked in
by the tiighebnatedtaRbifoR BntiRisd8dKel Wb P tiedRird Hhiclh]@aeRfbLylcium s4iéan pl aced
into a furnace at roomtenperature. The tenperature of the furnace is

i ncr eas ebhif pssamblydatheambecd tutp @ fmagny revmvepPeIaiyEs: | Bie tenrgetuss alibes. The

furnace is increased from room temperature to 800 °C over a period of 30 minutes. The

20  assembly is then held at 800 °C for 30 minutes and thereafter heated to 1,200 °C over a
period of 1 hour. The assembly is then held at 1,200 °C for 1 hour. The furnace is then
allowed to cool and the alumina is removed from the assembly.

The resultant carrier can then be tested for crush strength or attrition resistance
using respectively ASTM D6175-03 or ASTM D4058-96, as described herein, or some

25  other methods for measuring crush strength or attrition resistance. The results can be
compared to those of different carriers prepared using different amounts of calcium acetate,
different strength-enhancing additives, or no strength-enhancing additives. Thus, a carrier
having incorporated therein a strength-enhancing amount of a strength-enhancing additive
can be obtained. This carrier can then be used to prepare an olefin epoxidation catalyst,

30  which can then be used in a process for the production of an olefin oxide, and subsequently

a 1,2-diol, a 1,2-diol ether or an alkanolamine.
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assenbly is then held at 800 C for 30 mnutes and thereafter heated to
1,200 C over a period of 1 hour. The assenbly is then held at 1,200 C for 1
hour. Thewbunovaresss then all owed to cool and the al um raTiGS20080B812881 from
the assenbly. The resultant carrier can then be tested for crush strength
or attrition resistance using respectively ASTM D6175-03 or ASTM D4058- 96,
as described herein, or sone other nethods for neasuring crush strength or
attrition resistance. The results CBA DB Sonpared to those of different

carriers prepared using different anmounts of cal cium acetate, different
strengt h-enhanci ng addi tives, or no strength-enhancing additives. Thus, a

carrier having WGQIRRNALEAILIELELG HiliAOdhdnRAIRGCHIGRERNNT Of

strengt h- enharci ng addi tive can obtained. This carrier can then be used
t 0 prepafiemamgaldditiva. epoxi dati on catal yst, which can then be used in a

process for the production of an_ol efin oxide,.and subse tly a 1, 2-diol,
a 1,2-diol etheA GrmerhaymeARAAHFe matyx havingz me ?r%??tg%?"?}ﬁ’g- m neral i zed

carri er iy REHPRAEALBAELSI, ArchbhRAREADANTING addi tive. 2. A
carrier having a particulate matrix having a | anellar or El atel et-type

nor phol ogy haki dgcarriemespirinee i ¢lhior 3 whereipthelagieHacorb#elehtyraddi tive. 3. A
carrier as clained i.n.c]aimZ2,, wherein,the |anoellar tiype

nor phol Hb‘iyp]i‘%lo@ﬂéﬁu‘f}h%% %ﬁ%liegclilaé’éngfg\?it }16691 N eg‘frrr%{:ééogﬁs 8%?1& egt:afgl% Yon a size
great er bRy dfrhatié S11048bEE subsBtidly fl@asdjoranefasaibst antial Iy flat maj or
surface. 4. A carrier as clained in any of clains 1-3, wherein. the

st r 8Agt h- enhahcifepragsidlaimefl in any) efolasans flrd vhern gieslisneBrdpadngy of a

zi rconi um,speci e n i.de 1es. p HiRia! ci es,
nor gani il & gesersisd b0 Re SREERRiwA ofSeRPa lpuiRidElGroRETL €3,

cl ai ms  kpdsies Ereiplitrhealspedey itorgmimglaisnandmdittiey thecanfpr i ses cal cium 6. A
carrier as clainmed in any of clains_1-4, ﬁqergi n. ttﬂe st rengt.h- enhanci ng
addi tive conpdi sAsapsrppiamed 18 apy Of claims k4o VAT Pﬁtr%l’r@’" BtUPns 1-6,
wher ein aaﬁﬁivg%ﬁlbﬁgesc&mﬂse_s al phaal um na. 8. A process for preparing a
carrier erein e carrier is a fluoride-mneralized carrier or a carrier
havil§g a part 6cUA adreierat claixaed aw amgofacliizsel-4, avhenein pheasteshgth-anjipreindr phol ogy,
whi ch process conprises incorporating into the carrier at any stage of the
carrier %ﬂ’éﬁétc%ggﬁf‘se?eg?%ngt h- enhanci ng additive, in particular as defined

in any of clai Bcarrier as claimed in any of claims 1-6, wherein the carrier comprises alpha-
alumina.
8. A process for preparing a carrier wherein the carrier is a fluoride-mineralized
20  carrier or a carrier having a particulate matrix having a lamellar or platelet-type
morphology, which process comprises incorporating into the carrier at any stage of the
carrier preparation a strength-enhancing additive, in particular as defined in any of claims
4-6.
9. A catalyst comprising a catalytic species deposited on a carrier as claimed in any
25  of claims 1-7.
10. A catalyst as claimed in claim 9, wherein the catalytic species comprises one or
more of molybdenum, nickel, and tungsten.
11. A catalyst as claimed in claim 9, wherein the catalytic species comprises silver.
12. A catalyst as claimed in claim 11, wherein the catalyst additionally comprises a
30  high selectivity dopant comprising one or more of rhenium, molybdenum, chromium,
tungsten, and nitrate- or nitrite-forming compounds.
13. A catalyst as claimed in claims 11 or 12, wherein the catalyst additionally

comprises a thenium component, or a rhenium component and a rhenium co-promoter.
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4-6. 9. A catalyst conprising a catalytic species deposited on a carrier as
claimed in any of clains 1-7. 10. A catalyst as clainmed in claim9, wherein
t he cat alwy0i2006speses conpri ses one or nore of nol ybdeneaw/usc@isaBbi2zand
tungsten. | 1. A catalyst as clained in claim9, wherein the catal ytic
species conprises silver. 12. A catalyst as clained in claim11l, wherein
the catal yst additionally conprises a high selectivity dopant conprising

one or nore oF4.Ahpwcessifomthé yimoadutioh of A OlefiuWhithip@Sése RomPriskstohtadfigs a O
nltrl_te{e%m con%)no(glag %3 A catalyst as clainmed in clainms 11 or 12,
wher ei n FHEC nendmayacy vataraialyd as clefsed any oksliBnt 1-13r a
rheni um CO”DOIBENp@&Qs s ERBAUN ELmAUOWRER N thE cad %ﬁﬁfo%aﬁ? Eor%igﬁs sa

epoxi dati on of an ol efin which proces$ conpri ses
conpri sithgniam eolwonentaprh lchxgugmqmpdneﬂt amdtaahgmma:a)—mbmbt& dncil whein the cl ai s

11-1 15. A.pr.oce S ai red rein the catalyst

addi fsl oné)lnf:?}mp@é f%aégorh&roﬁ]élﬁ l%merc}ﬁ?ddéh‘?ﬁ%hatéﬁmj ‘}Preni um conmponent and a

r heni um co- prmm}ﬁbce%@ds WaRic i cldg 190RG6RIT @b b&%eﬁgaﬁ?&{ HWhL4ge i 0 the
feed is | ess that mol e-% 16. A process as claimed in claim15, V\%ereln

t he condéﬁlﬂerféﬁﬁlﬁrbe@’?e%l&ﬁbmom-%md@15rmt>1I¢e%f eed i s between 0.50 nol e-% and
0.75 nol e- % g .cl ai of, cl.ai.ns .14- 16, wherein the
olefin corrp?”?e‘sA Pﬁ{#gﬁgﬁl mﬂ‘n%ggg[% ]%Q?G’ RETIP SRS Ibﬁorﬁ?nsgsl 2-di ol ,

a 1, 2- diahylaicher or an al kanol am ne conpri sing converting an ol efin oxide

|nto the 1, 2- dlg the 1,2-diol ether or the al kanol ani ne wherein the
ol efidn oxi de Kad Mreesss &utths produeipnof griol-disd & b2-didlsthep oxanielkinpdeminean

ol efin ac%nﬁﬁ@ln%%@n{f&tlﬁé"%l Blefif lo@id@ﬁnt%%ﬁeli}dlol, the 1,2-diol ether or the

alkanolamine wherein the olefin oxide has been obtained by a process for the epoxidation

of an olefin as claimed in any of claims 14-17.
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