PROCESSES FOR CONVERTI NG GLYCEROL TO AM NO ALCCHOLS
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&dn. invalve fagtingaphydroxy compounds, such as ethylene glycol, 1 2 dlols, 1,3-
diols, and polyglycols, with amine compounds and hydrogen in the presence ofa
heterogeneous catalyst. One concern with such processes is that they can exhibit poor-to-
moderate conversions and selectivities. This undesired outcome can result from the fact
that the reactions can yield complex product mixtures consisting of amino alcohols, di-
and tri-amines, oligomeric polyamines, cyclic amines (e.g. pyrrolidines, piperidines, and
piperazines), unreacted starting materials and other unidentified compounds. Examples of
these catalysts and processes can be found in U.S. Patent Nos. 6,376,713; 6,057,442,
5,288,911; 4,123,462; 4,151,204; and 4,111,840.

Alternately, amino alcohols can be prepared by reacting an amine compound with
2-chloro-1-propanol (see, for example, JP 01056652) or by stoichiometric reduction of the
corresponding amino acids and ester derivatives with a variety of reducing reagents (A.
Abiko et al., Tetrahedron Lett. 1992, 33, 5517; M.J. McKennon, et al., J. Org. Chem.
1993, 58, 3568, and references therein) and by catalytic hydrogenation of amino acids, for
éxample as reported in U.S. Patent Nos. 5,536,879; 5,731,479; and 6,310,254, In works
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fé15t8d Racting glycerol with a metal catalyst at a temperature of from about 160°C to
about 300°C to obtain hydroxyacetone, reacting the hydroxyacetone with an amine
compound at a temperature of from about -20°C to about 150°C to obtain an adduct, and
reducing the adduct using a reducing agent at a temperature of from about 20°C to about
250°C to obtain an amino alcohol product.

In yet another exemplary embodiment, processes of the present disclosure

generally relate to converting glycerol to an amino alcohol having the formula:

HOT Y

RR,

the process comprising reacting glycerol with a metal catalyst at a temperature of from

about 160°C to about 300°C to obtain hydroxyacetone, reacting the hydroxyacetone with



t he process conprising reacting glycerol with a netal
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adduct, and reducing the adduct using a reduci ng agent
at a tenperature of from about 200C to about 2500C to
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As used herein, “comprising” means the various components, ingredients, or steps,
which can be conjointly employed in practicing various embodiments of the present
disclosure. Accordingly, the term "comprising" encompasses the more restriqtive terms
"consisting essentially of" and "consisting of."

As used herein, “adduct” means any chemical species formed by the combination
or condensation of two or more substances, such as hydroxyacetone and an amine
compound.

As used herein, “crude glycerol” refers to glycerol that may contain impurities,
including, but not limited to, water, inorganic salts such as chloride, sulfate, phosphate,
acetate salts and others, organic compounds such as fatty acids, fatty esters, mono-
glycerides, di-glycerides, phospholipids, protein residues, methanol, acids, bases or
combinations of any thereof. Impurities may account for from about 10% to about 50% of

the crude glycerol, by weight.



acetate salts and others, organic conpounds such as
fatty acids, fatty esters, nonoglycerides,
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met hanol , acids, bases or conbinations of any thereof.
I mpurities may account for from about 10%to about 50%
of the crude glycerol, by weight.As used herein,
"reaction conponents” generally refers to chenica
species that take part in a chem cal transfornmation,
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and catalysts. In addition, "reaction conponents” may
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As used herein, the term “treated glycerol” means glycerol that has undergone at
least one treating process such that the treated glycerol comprises greater than about 1 %
to about 10 % impurities, such as those impurities described herein.

As used herein, “treating” means removing at least a portion of the impurities from
the crude glycerol. “Treating” may be accomplished by a variety of methods, including,
but not limited to neutralization, precipitation, filtration, evaporation, steam stripping, ion-
exchange, adsorption, membrane separation, such as microfiltration, nanofiltration,
osmosis and reverse osmosis, electro-deionization, and combinations of any thereof.

All percentages are by weight unless otherwise specified.
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fatty acids, fatty ester, mono-glycerides, di-glycerides, phospholipids, protein residues,
methanol, acids, bases and combinations of any thereof. In certain embodiments, of the
crude glycerol, impurities may account for at least about 10% of the crude glycerol, and in
specific embodiments from about 10% to about 50% of the crude glycerol, by weight. In
other embodiments, the crude glycerol may comprise less than 10% impurities, such as
from 1% to 10% impurities. It will be understood by one skilled in the art that the amount
of impurities in the crude glycerol may vary according to the method of production and
that in certain more efficient processes, the crude, untreated, glycerol may contain lower

levels of impurities that the crude glycerol from other processes. The purity of the “crude”
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and that such treatment may vary depending on the impurities present. Regardless of

which treatment method is employed, the resulting “treated glycerol” may comprise from
about 1% to about 10% of the aforementioned impurities by weight. The reduction in
impurities in the treated glycerol may help provide better reaction yields in the processes
described herein.

According to other embodiments, refined glycerol (104) having greater than about

99% purity may also be acceptable for use herein. The glycerol may be refined according



by a variety of nethods, including, but not limted to
neutralization, precipitation, filtration,
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present Regardless of which tﬁeatnent nmethod is

gorgjr{)a/ H‘Xéxéér? th %eﬁﬁo@ tolil(;n} {1 g-}egﬂe?gt ed rgg)y g%f%qlmmy the refined, treated,
af onéeglytérohmaly barpent ior didged yitheipghtr solvem (e.gdwater mm ahcohol).
VIRBES hixasted Be bRfed (A8 dnd And) y&séeo 1Y .ng% ms&ryggéadgsne for use in

better reaction yié gsses SCr |
mcenswmbAéwmntm@clmdbpm enbodl ments, refined

glyc ewﬂtamﬁteko éuccl?@i\‘lg ﬁgoﬂﬁle@ﬁlgfednhgl?g Itﬁwp@dﬁe gg'c/érggx?g)f ¥e vaporized

al so be "accept a
ﬁléfﬁ) B@orrtéﬁpmaﬂ%ﬁ:@s ECRE & R Processes éffﬁém)eqﬂwﬂed AR YaR@r phase
kdactii cah be fdster Vi 1RpuEd ﬁrse@waammssglyéela@l \faﬁf)ﬂ :ﬂ@y‘ibe desnred such that

tre ted, ude cherol ed wt
STRPEOIEN S/t Prostis TRt M T PhasgulPr SERPIE to speed
np dieimesf die eadtione d:,lyctarﬂaxaﬁdnand{: fay b wd&gegld,ac eding arnyeyaporizer
évg gostg sﬁcqped m hﬁ atry %clugﬂlrgyt?urt Iélgg I(S)rrng{a‘ﬁr: ‘goglfi & a%}{ %glrc evaporator or a
@lm@dilmwsoratoheoep gkidled inthe an iwowkd repegnizetbat the donditd@y of

R:rn{&f‘atﬁx‘é and BFQS&JT& ngytvg% ALY RTab tﬁ@vaGﬂzﬁfoQ“e%ﬁ@%ﬁent used. An
flgécrl herein. AS vapor phase reactions can

tignal ?f%“ pf EﬁRO&Z‘;S‘ﬁé%“eCYP%%\&'W%H's'S that glyesrg) vwaa?ﬂ%dyay
hatuctetk ar@dusteimpbatied giesecht mhe 08¢ E19Berof withsut mﬁﬂﬁgﬁﬁfully
gh ond cﬁ olgl n the, vagor phase, for exa fIf
Ebed% el a8 s e i s SRor gt i o cost efltive option
tapeasing at¢fired ghpgrdie Ac ased lmﬂem,uhe tmnh‘gly&agbl’ﬁlﬂmﬂﬁndﬁde crude,
Fnzgwa otr %f}nlgg %?yfc%koll lﬁ:!u%gt}l’(v ere sBecafE all! %ggglgatetpépses%gc%ilfi?ﬁmfy crude,

evapor at
tvatpderretined.One skilled in the art woul d recogni ze

t hat N'}ﬁetglo&gl slt @fb%% Maytam% ﬁ%\H&@d t%r}gao? R\ﬁtﬁsthlé glggéwl to produce

vary accord to the vapor| Ion equlp
hylipxyaseiane- bé?@rfﬁimsm V‘V&b‘é epppdigeptieanst ruafel gth%mevmg getive

bR tcoBlpyisig Bhe YAMOFd tZhksitidn elBent ﬁdﬁ%&ﬁse advaRteif For example,
in the cru w t hout

ﬁ%f\?fc{\'légt {Ocefseftg{nfe;ﬁ}‘)gff{l?{gss ttlrFem@tfie@&g ?nealryﬁlncflmi% bwé.ve not limited to,
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Q&Bﬁigﬁions of any thereof. According to one embodiment, the metal catalyst may be a
copper chromite catalyst (also known in the art as a copper-chromium oxide catalyst) that
may comprise from about 15% to about 75% copper oxide and from about 20% to about
75% chromium trioxide. According to another embodiment the catalyst may be a
“chrome-free” copper catalyst, such as a copper zinc catalyst or a copper oxide catalyst.
Chrome-free copper catalysts may exhibit comparable or superior activity and selectivity
to conventional copper chromite catalysts for certain reactions and eliminate the

environmental issues associated with the disposal of chrome-containing catalysts. In



than using refined glycerol. As used herein, the term
"glycerol" shall include crude, treated, or refined
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catal yst (108) may al so be provided to react with the
gl ycerol to produce hydroxyacetone. According to
vari ous enbodi nents, any metal catal yst having active
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type reactor (also called the “Notre Dame reactor, see, J.J. Carberry, “Chemical and

Catalytic Reaction Engineering,” Dover Publications, Inc. Mineola, NY, 1976, p. 406, see
also p. 520 for an illustration of various reactor types suitable for use in the present
disclosure, the disclosure of which in incorporated in its entirety by reference herein), a
plug flow reactor, and a reactive distillation, or various combinations of any thereof. It
will be understood that the manner in which the glycerol and metal catalyst are fed/added
into the reactor can vary depending on the equipment used and the phase of each reaction

component. However, in those embodiments in which glycerol vapor is used, one skilled



According to certain enbodi ments, the use of a reduced

catal yst may be desired for various reasons. For
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catal yst may produce hydroxyacetone nore rapidly and

with fewer inpurities and, in other enbodi nents, using

a reduced catalyst nmay contribute to a | onger catal yst

lifetime due to resistance to catal yst poisoning

and/ or degradation. According to various enbodi nents,
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believed that the inclusion of a gas, in combination with the reaction temperature, can be

omo

beneficial because it can improve reaction yields and selectivities by reducing contact time
between the catalyst and the hydroxyacetone product by continually aiding in the removal
of the hydroxyacetone and water from the reaction mixture as a vapor. For example, as
the hydroxyacetone product is formed under the reaction conditions and temperature, it
may be vaporized and the hydroxyacetone vapor transmitted out of the reactor by the gas
stream. This in turn can prevent the hydroxyacetone from further reacting with the metal

catalyst and generating undesired byproducts.



reactors, such as continuous reactor, for exanple a
fixed bed reactor (including trickle bed reactors),
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depend on the bed reactor design, such as the bed
vol ume of the reactor and/or the reactant flow rate.
One skilled in the art will recognize that the anount
of netal catal yst used can vary dependi ng on the type
of reactor used and the desired speed of the reaction.
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react or
(dehydratlon) with concomitant rearrangement of the double bond to yield

hydroxyacetone. Alternately, a primary hydroxyl group of the glycerol may strongly
interact with an acid site on the catalyst to facilitate the loss of water and yield
hydroxyacetone via its enolic tautomer.

In view of the above, it will be understood that reaction conditions can vary
depending on the particular reaction components (i.e. glycerol, metal catalyst and gas, if
present) and reactor type selected. In certain embodiments, reacting the glycerol with the

metal catalyst may occur in the first reactor at a temperature of from about 160°C to about



may conprise a plurality of colums, such as, for
exanple, from2 to 10 colums, arranged in series or
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that the nunmber of colums in the trickle bed reactor
may vary according to the required reaction tine, the
flow rate of the process, and/or the height, total bed
vol une, or catal yst |oading of the columm. In the
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comprise any gas (112) if used in the reaction.

The recycle stream (118) may generally be in the liquid phase and may comprise
the metal catalyst, unreacted glycerol, as well as high boiling point impurities. In one
embodiment, the recycle stream (118) may be recycled back to the first reactor (110) for
reuse. In another embodiment, the metal catalyst in the recycle stream (118) may be
partially or completely separated (120) and the remaining unreacted glycerol (122) (and
any impurities present) may be recycled back to the reactor (110). The metal catalyst may
then be regenerated (124), since it may lose some of its activity over time, prior to being

recycled (126) to the first reactor for reuse. Optionally, the recycled metal catalyst (126),



present) and reactor type selected. In certain
enbodi nents, reacting the glycerol with the neta
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According to certain enbodi nents, reacting the
glycerol with the netal catalyst nmay occur about
at nospheric pressure, although pressures above and
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based on the disclosure herein, will understand that selection of the appropriate amine
compound will depend on the structure of the desired amino alcohol product. For
example, in certain embodiments where a primary amino alcohol product is desired, an
amine compound such as ammonia (gaseous or liquid) or ammonium hydroxide would be
selected, whereas a secondary amino alcohol product or a tertiary amino alcohol product
would utilize a primary amine compound or secondary amine compound, respectively.

In certain embodiments, optionally reacting the hydroxyacetone with the amine
compound to obtain the adduct may further comprise optionally adding an acid catalyst to

the hydroxyacetone and the amine compound. For example, in certain embodiments, the
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bed reactor, a membrane reactor, a plate and frame reactor, a Carberry-type reactor, a plug

flow reactor, and a reactive distillation, or various combinations of any thereof. 1t will be
understood that the manner in which the hydroxyacetone and the amine compound are
fed/added into the reactor can vary depending on the equipment used and the phase of
each reaction component.

In one embodiment, the second reactor (146) is a trickle bed reactor. The trickle
bed reactor may comprise at least one packed column, wherein the column is packed with

the hydrogenation catalyst. In certain embodiments, the trickle bed reactor may comprise
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reduced is known as reductive amination. The reductive amination of aldehyde or ketone-
containing compounds may proceed in several steps and by various mechanisms
depending on the structure of the reactants and the reaction conditions. See Maschmeyer,
T., et al., Adv. Synth. Catal. No. 10, 344, 1037-1057 (2002), the disclosure of which is

incorporated in its entirety by reference herein. During the reductive amination of

hydroxyacetone, the reaction between the hydroxyacetone and-the amine compound

results in the formation of the adduct (148). In one embodiment, hydroxyacetone may be
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chromia, silica, zeolltes and combinations of any thereof. The hydrogenation catalyst may

be soluble or insoluble and may be dissolved into the reaction mixture or located inside the
third reactor (150) as a slurry or packed bed. Although the amount of the hydrogenation
catalyst used may vary, in certain embodiments from about 0.01% to about 100% of
catalyst may be used and in other embodiment from about 1% to about 20% of catalyst
may be used, on a dry weight basis relative to the adduct, for example in a slurry type
reactor. For other reactors, such as continuous reactor, for example a fixed bed reactor
(including trickle bed reactors), the catalyst loading of the reactor may vary and may
depend on the bed reactor design, such as the bed volume of the reactor and/or the reactant

flow rate.



and in one enbodi nent from about 15 m nutes to about

90 mnutes. One skilled in the art wll understand how
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condi ti ons and equi pnent used. As previously

descri bed, the reaction between the hydroxyacetone and

the am ne conpound can result in the formati on of an

adduct (148). As used herein, "adduct" refers to any

chem cal species fornmed by conbinati on or condensation

of two or nore substances. Presently, the two

subst ances nmay be hydroxyacetone (134) and an am ne

conmpound (144). The resulting ﬂgduct (148) nay t hen be

added to a third reactor 150%
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cat al
in the trlckle bed reactor the feed stream (such as the adduct feed stream) is fed into the

column at low flow so that a thin layer of the liquid forms over at least a portion of the
surface of the hydrogenation catalyst particles (or hydrogenation catalyst on the surface of
the support material). When the reducing process is a hydrogenation process, the space
between the particles may be fed with the hydrogen gas. While not intending to be limited
by any particular mechanism, it is believed that the distance that the hydrogen molecules
need to travel from the gas phase to the catalyst surface is through the thin layer of liquid,
resulting in efficient mass transfer and an increased reaction rate as compared to other
reactor set-ups. The trickle bed reactor may comprise at least one packed column, wherein

the column is packed with the hydrogenation catalyst. In certain embodiments, the trickle
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and either processed for further use in another application (propylene glycol), recycled, or
disposed (water and impurities). The separation process (160) may include any separation
process known in the art, such as, but not limited to, flash distillation, fractional
distillation, chromatography, extraction, passing through an acidic resin, and combinations
of any thereof. Finally, the amino alcohol (174) may be collected as the desired product
fér use in a variety of application as, for example as solvents, intermediates for making
surface active agents, corrosion inhibitors in metal working fluids, neutralizing agents in

acid scrubbing during natural gas or syngas purification processes, and aids in the



certain enbodi nents, the reduction may be carried out

at a tenperature ranging from about 200C to about
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on the reduci ng agent and/or reaction conditions. For
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phenyltbutyl hjyg}{ ngﬁ;?x? tl ZP She%?' bu@f)%ﬁd mixtures of any thereof. In other
embodiments, R; and R, may come together to form a heterocyclic ring having from 5 to 7
ring atoms including the nitrogen atom. In view of the processes described herein, one
skilled in the art would understand that other structures for groups Ry and R; are possible
depending on the structure of the amine compound used in the optional step of the
processes and would be within the scope of the present disclosure as set forth in the
claims.

In view of the above, it will be understood that embodiments of the present

processes may be carried out using a batch, a semi-batch, or a continuous mode.



such as, for exanple, from2 to 10 colums, arranged
in series or in parallel. One skilled in the art woul d
W0 e@agmilae t hat the nunber of columms in the tPCTKE®07/013539
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reaction time, the flowrate of the process, and/or
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the columm. The ami no al cohol product (154) may, in
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unr eact ed adduct, unreacted am ne, reducing agent,
inpurities, water and propyl ene glycol. Like the
previ ous reactions, the reactigp conditions at which
t-he adduct can be reduced by the
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extraction, passing t roug an acidic resin, and
the mstal ggqablﬁgand the hydrogenation catalyst may be the same.

The following representative examples are included for purposes of illustration and

not limitation.

EXAMPLES

Example 1
About 300 g of refined glycerol (Superol Brand, P&G Chemicals, USA) and about
8.5 g of copper-chromite catalyst (CU-1886P, Engelthard, USA) were weighed out and

transferred into a 500 mL reaction flask equipped with a mechanical stirrer, thermocouple,



of any thereof. Finally, the am no al cohol (174) may
be collected as the desired product for use in a

wo a007a8614>f application as, for exanple as sol RENUS2007/013539
i nternedi ates for maki ng surface active agents,
corrosion inhibitors in metal working fluids,
neutralizing agents in acid scrubbing during natura
gas or syngas purification processes, and aids in
t hepreparati on of conmpounds in the pharmaceutica
i ndustry. As will be understood by those skilled in
the art, the specific separation processes used and
t he degree of separation may dgpend on the desired
purity of the reaction products. The desired '
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reactor was cooled to ambient temperature and the nickel catalyst was separated via

filtration to yield about 71.5% of 2-amino-1-propanol.

Example 2
About 375 g of treated glycerol (96% glycerol, P&G Chemicals, USA) and about

11.25 g of copper-chromite catalyst (CU-1886P, Engelhard, USA) were weighed out and
transferred into.a 500 mL reaction flask equipped with a mechanical stirrer, thermocouple,
Dean Stark trap/condenser, and gas inlét. The glassware was assembled so that the

volatile hydroxyacetone was removed from the reactor as it formed (i.e. N2 gas sparging).



ring atonms including the nitrogen atom In view of the

processes described herein, one skilled in the art
wowwdsamsler st and t hat ot her structures for grpUpPESH07/013539

and R2 are possible depending on the structure of the

am ne conpound used in the optional step of the

processes and would be within the scope of the present

di scl osure as set forth in the clainms. In view of the

above, it wll be understood that enbodi nents of the

present processes may be carried out using a batch, a

sem - batch, or a continuous node.VWhile certain
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as a two stage process, those skilled in the art wl
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(i.e. N3 gas sparging). Samples of the resulting hydroxyacetone product were collected
and analyzed as described in Example 1. About 207.9 g of the hydroxyacetone product
(containing about 49.8% hydroxyacetone) was obtained. About 50 g of the
hydroxyacetone product was then charged to a flask and about 61 mL of 30% aqueous
ammonium hydroxide was added dropwise with stirring at about room temperature. The -
mixture was stirred for about 90 minutes and reaction progress was monitored using gas
chromatography. The resulting adduct was charged to a 300 mL Parr reactor along with
about 6 g of a nickel catalyst (Actimet M, Engelhard, USA). The reactor was flushed with
hydrogen gas, pressurized to about 1100 psig and heated to a temperature of about 85°C.



netal catal yst and the hydrogenation catal yst (as
descri bed herein). In other enbodi nents, the netal
wae aaliyats3 and t he hydrogenati on catal yst may bRCT/H82007/013539
same. The follow ng representative exanples are
i ncluded for purposes of illustration and not
limtation. EXAMPLES Exanple 1 About 300 g of refined
gl ycerol (Superol Brand, P&G Chem cals, USA) and about
8.5 g of copper-chromte catalyst (CU 1886P
Engel hard, USA) were wei ghed out and transferred into
a 500 nL reaction flask equi pped with a nechanica
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hisoiy 18 '§hﬁ' améclel catalwﬁs(Ai:hmsthEngetlharh,)ld&@b ehheygactor was flushed
with hydrogen gas, pressurized to about 1100 psig and heated to a temperature of about
85°C. Reaction progress was monitored by gas chromatography as described in Example
1. The reactor was cooled to ambient temperature and the nickel catalyst was separated
from the resulting amino alcohol product via filtration to yield about 33.4% of 2-amino-1-
propanol.
Example 5

In this Example, hydroxyacetone was converted to 2-amino-1-propanol using a
nickel oxide hydrogenation catalyst. Hydroxyacetone (36.71 g, 0.50 mol) was charged to
a 250 mL round bottom flask at room temperature. Ammonium hydroxide (100 mL, 1.48
mol) was dropwise added with stirring. The reaction was stirred for a total time of 90

minutes. Progress was monitored by GC. The resulting adduct solution was charged to a



pressurized to about 1100 psig and heated to about

850C. Reaction progress was nonitored at various tine
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using a SPB-1 701 30m x 25mm LD. x 0.25mm fil m col umm

(Supel co). Standards of propyl ene glycol,

hydr oxyacet one, and 2-am no-|-propanol were run for

ref erence purposes. The reactor was cool ed to anbi ent

tenperature and the nickel catalyst was separated via

filtration to yield about 71.5% of 2-am no-I-propanol.

Exanpl e 2 About 375 g of treated glycerol (96%
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Example 7
In this Example, hydroxyacetone was converted to a product mixture comprising

propylene glycol and 2-amino-1-propanol in a batch-type process. Hydroxyacetone (98.91
g, 1.34 mol) was charged to a 250 mL round bottom flask at room temperature.
Ammonium hydroxide (46.0 mL, 0.68 mol) was dropwise added with stirring. The
reaction was stirred for a total time of 90 minutes. Progress was monitored by GC. The
resulting adduct solution was charged to a 300 mL Parr reactor along about 5 g of a nickel

catalyst (Actimet M, Engelhard, USA). The reactor was flushed with Ha, pressurized with



About 88 g of crude glycerol (88.7%glycerol, Twin
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In this Example, glycerol was converted to propylene glycol via a single stage (on
reactor) reaction. Glycerol (100 g, 1.1 mol) was charged to a 300 mL Parr reactor along 5
g of a copper chromite catalyst (CU-1886P, Engelhard, USA). The reactor was flushed
with H, several times, pressurized with H; to 103.4 bar, and heafed to 230°C with stirring
at 550 rpm. Reaction progress was monitored by gas chromatography. After 21 hrs, the
reactor was cooled to ambient temperature and the catalyst was separated via filtration to
yield a product mixture containing 55% glycerol, 35% propylene glycol, 3.9% propanol,

and other impurities such as ethylene glycol, methanol, and ethanol.




about 150 g of 90% hydr oxyacet one, about 95 g of which

was then charged to a flask. Amonia gas (Mttheson
waeoo7Exa43 USA) was sl owl y bubbl ed through the PCT/US2007/013539

hydr oxyacet one for about 30 m nutes while keeping the
tenperature at or bel ow about 2Q0C, foll owed by

stirring for an additional 30 m nutes. Reaction

progress was nonitored by gas chromatography. The

resulting adduct was charged to a 300 nL Parr reactor

along with about 18 g of a nickel catalyst (Actinmet M

Engel hard, USA). The reactor was flushed w th hydrogen

gas, pressurized to about 1100, {)SI g and heated to a

tenperature of about 850C. Reaction progress was

noni t ored by gas chromat ography as described in

@gﬂ]@ml The reactor was cool ed to anbi ent

Tenperature and the nickel cat aléé S se araﬁi'()e,g frcprp .
the rladiip Expgrienhylioy2CHRET Wat BaUET WA PRI RV EITS ' 81ve
t}é 8ddhcaBRich wh3 cén%e@fedﬂo ammm-llmmaamsmg:‘ammmednea réagtor.

h dr, t one r
QYQWWS%WR%%%% u5| Waailsﬁ}l“g toc?msg}&ﬁq%éng homom flask at room
temperaise.. Ahlyaminy hydiosive ((QIBmE;Ll 48 n@lmam‘ppwwagdded with
stgn]lﬁ“‘p% eﬁlet @a&loﬁﬁag,%n‘gﬁ) E&%rtgﬁi Iugmoi' b@ﬁhmﬂgs rIQ‘@Q?ess was monitored

rature nium ox1 d mol ) was

o GEwiThe addirs svagisethmisted FCr‘ihH& wkhﬂaedrre%&s?r. on vvas stirred

for aAttlQél&é bdd FBctof with aMrpu 637 FERAhEES m&a‘ﬁaﬂmﬂhétef 264 cm

by e resul ting adduct iol utjon, ma(s)l;{*glgg g t0¢ catalyst

WG Tha o bR S R FEIoC A S e PO y

1@;65\%’5 @DU(NE@Q(leEﬁ&P mrl]t&l.ystQRﬁHeB' §¥380, dorﬁﬂ;xg;alljl aizal\ld:blé’/ﬁom GRACE
e react us S Wt

Bt e s oL gt DY FemBiseet il BRSUEVEESL bar.

‘Alie tkaEibnrvaEm d(bﬂdtlitgechmghae ewmtsrchangiegthe w%nbetnmeﬁ@gt@trp@,tpr the

S rdo %e%s 83\@81'&”0% ﬁ&? ﬁo&_y%tggﬁd ﬁgr PRLRGLAP H’Yxe %éndmons for each

tor was cool ed
a:ntareemesetnmpe rTab@r?e Rrnduat Remplas ﬁpnyébe wagtcééfﬁ@rca)véwsw and were

Idal ﬁ'é@t)h Q'Jxéul%nb’é@'oﬂl éa@@l‘n@&a{ogpc{n?gﬁﬂ@b SPL1Y03 30m x 25mm 1.D. x
conver Sl on % and a selectivity of 98% Exanp

aSmm.fgmmm Gevatighiy fRyReelsak Tlrerii g eclirep g ar presented
#wBdd®- | - propanol using a nickel oxide hydrogenation
catal yst at | ower hydrogen pressure. Hydroxyacetone

Talde 82 RgactigngepndifionS\\as charged to a 250 nL round

DOdnepie f | ask at room t mmqr atjuree2 Ao un hydr oxi de
(100 1 48 ol —wasgropwse—adaegwth stirring.
FRlst Temperature °C™ 85 85 85

Column Temperature °C 85 85 85

Pressure, bar 31.0 31.0 31.0

Residence Time, s 1200 2400 600

Hydrogen:Adduct ratio 8 16 16

Feed Flow Rate (mL/min) 0.5 0.25 1.0

Gas Flow Rate (sccm) 49.8 49.8 102.6




reaction was stirred for a total tinme of 90 m nutes.
Progress was nonitored by GC. The resulting adduct

wa@eloatisaams was charged to a 300 nL Parr react or PEl/oszp07/013539
wi th ni ckel oxide on kiesel guhr (Sud-Cheme, G 49B RS:
1.55 g, 1.1 wt % . The reactor was flushed four tines
wth H, pressurized with Hto 34.5 bar, and heated to
850C with stirring at 1500 rpm using a gas entrai nment
i npel l er. Reaction progress was nonitored by gas
chromat ogr aphy as described in Exanple 1. The reactor
was cool ed to anbient tenperature and the catal yst was

" separated via filtration to yigkd 2-am no-I-propanol
Wi th a conversion of 92% and a selectivity of 73%
Tobdop! Besults for FiiekleRegProductionff ssdminer bR

FUIGERE €D 1O a progpgt ﬂm_yre. qonpri i ng propyl ene

glyc and 2-apmn@-l-p f ch-type process.
By dvddustacet one (98389 g, %54 rgp’)z wag charged to a
zﬁg_ﬂhir{@%%ﬁg{q&t DRIgI askemg r qoo7t enper at ure.
Ammoni um ydrm(i de (AR Ol 0168 ol was dropvvi se
FAGHPrRIYREERRY 1 r&:3 The ?'gacti was|stirred for a
T PRbpylérndesfol 90 mionut es} o Progri@ss wag nonitored by
j Ladduet M'suti Of—Was charged to a 300
e PEeTT reactor al 0919 ab E‘E’ 5 g of .a hickel catalyst
Actinet M Engelhard, USA). The reactor was fl ushed
ggggi@ltl pressurized withH2 to 151.7 bar and heated to
tth stirring at 1500 rpmusing a gas entrai nnent
i mpel Irethis Reaqilé o rigkicmdasstords used i conrvert hygrayyacetone to
Sy OfTRL ggf 8‘{.’ Y o8 PEIGEaRG Ay ikiNa FXBMRIFS 7D ond RSy 4EMEIRMI diameter
RE®YE06PEd t o anbi ent tenperature and the cgtal yst. was,
ofDAf amdd ugdda 4 hydipsyacerne splylion gpnipinpg aﬁw- hivytefis fed to the
FQTRE L&l RATEr @ PuRP: ThpcaRRBNlsed I/ Rifey ANicked caiplyse(Reney 5886,

gl ycol (30.7%. a n.this Exanpl .

RSB Is EE TR GG RE T BT BB Gy of Parilss

Rak&lintospEitibhosREare [Fesstiedliy dnbix yiaPetdmaesamiesgfrom the reactor are
obt ai ned .as described in .

SEeRte e o ERLSH O @@'65@%“2‘?%@&%%&%%2?{"2?(?2% HDB-1 25m x

0ABem ED. €15606 ke cdlihadaykiable o I & ScieatifierCatplee #

fLusphed with several times, pressurized with to 10.3

bar ‘and heated to 1200C under vigorous stirring for 3 .
hrs. Tmelysisadtls organic constituents| by ©¢ sf hgseastipn product shows a mixture

comprising propylene glycol, hydroxyacetone, and water. The water and hydroxyacetone

are evaporated from the product using a laboratdry rotary vacuum dryer, leaving a final
product comprising propylene glycol.

Table 4. Reaction Conditions

Feed Purified Hydroxyacetone (> 99%)
Pressure about 31.0 bar

Temperature about 85°C

Hydrogen Flow Rate about 90 sccm

Ammonia Flow Rate about 10 sccm

Feed Flow Rate about 0.5 mL/min




tenperature and the catal yst was separated via
filtration to yield the product m xture with a

W@ 0wpasiles on according to Table 1. Table 1. Prednws2007/013539
M xture from Reduction of Hydroxyacetone Exanple 9 In
this Exanple, glycerol was converted to propyl ene
gl ycol via a single stage (on reactor) reaction.
A ycerol (100 g, 1.1 nol) was charged to a 300 niL Parr
reactor along 5 g of a copper chromte catal yst
(CU 1886P, Engel hard, USA). The reactor was flushed
wth H several tines, pressurized wwth Hto 103.4 bar,
and heated to 2300C with stirrijpg at 550 rpm Reaction
progress was nonitored by gas ¢hr omat ography. After 2
Example 12he reactor was cool ed to anbient tenperature

and t hahG3hampH, aWask1s B&ﬁfeﬁ&tﬁﬂls\ﬁbéﬁ tf)lcbwe’ﬁ n.momcgma oa
pr oduct m xt ure cont 5% cer
a"ﬁF‘b% A

B’ioéb‘irlné‘ﬁ@r@F%B‘]‘sm%Pfg |and lB?-ﬁ e}?;o o?J\rulatthee %dduct
fidsiheanteS tA ﬁmbal r¢8dbr, witleh haagml of 3a9d cat bahwol nnmmiameter of

In t Ex i ’
%%ﬂﬁ 15\21' Oﬁwmlﬁ{{g %dult E¥ g Eeéé/ cta%a sl Efgpd\eé\%é% e’ﬁ'&: c%g;])\/gt ‘srh RANEY®
DlvkeBeataighst (Raryaifihsedmiperciatin avdilablsi frgn SRACE 6 Drasispexsupplied in

I roxyacetone (37.33 g, 0.50 nol) was
“%Zf‘r&é"gaf?awg 50 nL round bottom flask at _room

t enpeHadworpacermnesalutian i/ éxthaaeactgoiann HELG #ums: Prodpst samples
HAoRPNE PecRY R &ntdgns%ﬁ lahd Wagh an-ﬂi&ed &ns Wgﬂemvmosrtcsarsr ed

for a total tinme_of tﬂ#t es. Oﬁp was | moni allelgjle from J
Ghrmatogrpw %am:?%?rgef FpB ’% Pt ey
BERCEQEntifd. Chialdg #£1451025)e atie@eacyibh boraliti@nsgrdpresenss. if Table 5.
cm angnggffﬁ{g% [ n?{;\lrlé%nqclf' gcan%ixgle{nﬁ ‘b?‘bé" éﬁ@%ealéﬁglg Rro}_:-llgﬁt C%hows a mixture

adduc e reac or via a

pfl 2qamifddé-praianbly ptopyimd glyas!, AyRAKRYetineland vwara g pvater and

@%Q% nc)gé)gg ‘areI Qﬂg&%&' ?‘hln)/ h@ﬁ]&du@pbs@n%% %%lés tarﬁ2 vacuum dryer,
deeeringuay fenal nrqdnet qosepest of gramine- lopr@a?nol The PW@&H‘F glyeflas

qggglsct@cglg},égﬁ(ﬁgogsuns changing the residence tine in
the react or he hydrogen :adduct rai_;_g_,__(_h.g_f_@gi._ﬁ_bﬂg?/__—_
Fged and t he gas flow rate. ThePeafed Bydizyscsiong sz R

rpg&s@g,e presented Tn Table 2. Pa&g{ugﬁ OSﬁH'pI es fromthe

@"%U’RFE‘GH% Chr omat ogr am usi ng a| 8P

IHyldrogén Flow Rate about 90 sccm
Ammonia Flow Rate about 10 sccm
Feed Flow Rate about 0.5 mL/min
Example 13

In this Example, glycerol was converted to propylene glycol using a trickle bed
reactor. The reactor used for the continuous version of this process was a trickle bed
reactor with a length of 37.94 cm and an internal diameter of 2.54 cm and containing 190
cc of catalyst. The catalyst used was a copper chromite catalyst (CU-1808 T 1/8,
commercially available from Engelhard) in the form of 3.2 mm extruded pellets.

The catalyst, once loaded, was first activated by the supply of a stream of 100%

nitrogen to the reactor with heating until the reactor reached the desired activation



0.25m filmcolumm (avail able from Supel co). The
results of the three runs are presented in Table 3.
wa ada4ad43 Reacti on ConditionsTabl e 3. Resul t s POT/US2007/013539
Trickl e Bed Production of 2-Am no-I|-Propanol Exanple
11 In this Exanple a trickle bed reactor is used to
convert hydroxyacetone to propylene glycol. Atrickle
bed reactor with a length of 37.9 cmand an interna
di ameter of 2.54 cmis used. A hydroxyacetone sol ution
containing 20 wt. %water is fed to the reactor via an
HPLC punp. The catal yst used is a Raney Ni cke
catal yst (Raney 5886, commerciglly available from
GRACE Davi son) supplied in the“formof particles.
tRepetiunnof LAICt Tha streane df nitrogyr 225 avas depn; EPHregs) by stream
. S/aﬂro ¥p I SE9 0% vAhEnSoHanses, Anddondicions
‘§§§?§%§§ 0 %ﬁ EFPgﬁ? g@%N Gag&Chro t Qg gﬁ?u i.ng_a ..
D= miingd ORBAAHTSr™VaS NS iR CREN- ST (R OUF PR
\‘t‘uﬁﬂmlahs&ow&e}aeﬂzt«;@rf,i iﬁw?@ﬁ;ﬁiﬂégt t#fpié%féiiﬂ%)en:p‘mﬂﬂ_ nesfraan O}tﬁceedi“g
e _organi ¢ constituents . 0 g, :
LHBRs T3 AREPE Ve ST Vi OB Syl G as) S0 108%) Heitne
Kydronyasotdlphgdrogeid wat er. The water and
hydr oxyacet one are ev [ ioWs (B8 pérature,
| bor YGRS B Sra R WAE dalrrtThe RRGRAAIoHS Bép
plyoetutflow oatpytiydiapgn flopyitee melag ratiocif hydeagea tyglyegsgle picggsidence
Fn%q"{ilﬂn%’ ﬂl%%ﬂ%ﬁ.ellé%ﬁbﬂ CoRiiBiohs @ Ble8saridud fuh§ kfedisteddn Table 6.
reactor 1Is

used”to convert h eto azﬁggguct

. _ ,ydroxgaceto . uct Ny
Rioduelrsemplesyvera ardyzse O n dgale) §ROGN Gasd-hromatogr g

35:9'1%((?]9341-519(19.9@5196 miérdn thRmadauilablerftadi édwasdentific. Catalog #
tric

e bed reactor h a]ength of. 37..94.cm.an .
153 Pk The commeaions Sns RO RS Pl A By g are tisted
erT&dle catal yst is prepared. The catal yst is a RANEY(r)
Ni ckel catal yst (Raney 5886, commercially avail able
from GRACE Davi son) supplied in the formof particles
Hydr oxyacetone solution is fed to the reactor via an
HPLC punp. Product sanples fromthe reactor were
condensed and were anal yzed on a Agil ent 6890N Gas



Chr omat ogr am usi ng a DB- |
m cron colum (available fromJ & WScientific.

w@aioalieg43 1251025) .

25m x 0.53mm LD. x 5.00

presented in Table 5. Analysis of the organic
constituents by GC of the reaction product shows a

m xture of 2-am no-|
hydr oxyacet one,

-pro

and wat er.

panol ,
The wat

er and

propyl ene gl ycol,

hydr oxyacet one are evaporated fromthe product using a

| aboratory rotary vacuum dryer,
product conposed of 2-am no-I| - propanol
gl ycol. Table 5. Reaction Condi
thi s Exanpl e,

gl ycol

gl ycer ol
using a trickle bed reactor.

| eaving a final
and propyl ene
[ ons Exanple 13 In
was converted to propyl ene
The reactor

used

fabletd) R e & HN A3 A Fonser Sion of this process was a

The reaction conditi ons aPE€T/US2007/013539

TTCRTE€ DEO TEeactof WIn a I[engtn of [37. 92 Cnrang_an

nternal Hianeter jof 2.54 crh Sﬁ&e&!m ai ning 190 d¥olsf )

bat al yst. | The cat of y8tested MASWR & ppdiz lRwon ¢ &atio | Residence
arRen ;| demp Gel T {va) e WKaig Grarmh | &y Glyy | Time (min)
Fngellhard) i @00he f or B2 3 12 nfhext fudedbpel | ¢t 4 0 the 15m
rat al2yst | on@80| paded 32dhs fli r sP-Sact {varldd-3ny §helto 1 15m
$uppBy ofla 3PPeany of 32w ditrBJen fo 1336-SeagtHito!] 15m
nith4heat | ng200til] t hed2®actlor ¢-Bhched tiHd4desirédo ! 60 m
activatiopte@Bratiure 330 13J0C 0.-Fhe $tredhdof nitltege 30m

nen 208p| alged B\ a Stredhdinel ydcid 98% Byto 1 30 m

vol ue of | ni 208gent and20% by voPdme ¢f AS82Hgen. 1Giedl 15m
¢ondi& i onk wdge nt &2dked unti®2ho exotIeeTlm waslhwt kd 30 m
in c&alybt 1286. Durird@.Ghid opk2ati dn, IAlch |akdi® 1 30m
for s@verpl 1R80rs.lit 3R inpordant fo pPei4nt |t Beto |l 30m
fenpélrat ufe flIBOM exceadithg 1700E75 The¢ hydddgen | Ees to 1 10 m
fncr&ent pl | y80ncrease®.q 2, |5, AR5 2%, 509.5400¢) 3Gt i | 30 m
fthe $3ream wa20sol el y 3n@r ogen.0.F f t ¢en 36FIs W33 to 1 10 m
¢onduket ed] whillge vayyi ra2.a he |reaxts onjcond9.s64on$ 10to 1 10 m
t enper at Pir e,2291 yclr ol32td ow |r at®7s hydir ogensd | ol t@icel 10 m

mol ar rati o of hydrogen to glycerol,
tTabke IV Résults FdrelrickECB el ProdiReiva tof Propytnd idiyans for the

PG = propylene glycol, HA = hydroxyacetone, Gly = glycerol

and resi dence

artous rufis are |1 sGED4tby sl & 6. Produ¢t sanpl es

Ry

\er Rumnfll yIedh mn pnvgAl gnt 968 B0N] mat ogr am
wsi ngra DB{T3238m K 0. bgywh LD.528% /00 mskdn col um
aval pabl elTgones| & BRI |ent i4418% |Catlalng |# 1251025) .
The ConpoSIfTBORS, PT L h1e9,Ar OO 2o XT Urzegeh, r each of
ne TuTTeefg 6208 P € 3ORI|ET 18.3% 10.4%
5 72.4% 5.6% 10.3% 11.8%
6 62.4% 9.2% 19.9% 8.5%
7 38.9% 1.6% 40.3% 19.2%
8 35.3% 8.4% 29.6% 26.6%
9 49.6% 6.1% 12.8% 31.5%
10 45.7% 2.9% 22.7% 28.7%
11 13.0% 2.9% 70.1% 13.9%
12 26.5% 6.6% 24.5% 42 .4%
I3 36.8% 5.6% 16.2% 41.3%
14 11.7% 0.8% 76.3% 11.3%
15 36.0% 3.6% 21.9% 38.5%




in Table 7. Table 6. Reaction Conditions Table 7.

Results for Trickle Bed Production of Pro | ene 3 yco
weR o/ 1pdiapyl ene gl ycol, HA = hydroxyacet one, Q@T/8S2007/013539

gl ycerol The di mensi ons and val ues di scl osed herein are

not to be understood as being strictly limted to the

exact nunerical values recited. Instead, unless

ot herwi se specified, each such dinension is intended

to nean both the recited value and a functionally

equi val ent range surroundi ng that val ue. For exanple,

a di mensi on di sclosed as "40 nm' is intended to mean

"about 40 nmi. All docunents cited in the Detail ed

Description of the Invention ar in relevant part,

i ncor pPreatimandiensaind velpes diselpeadcherein hee not tophe wetﬁfoomy being

ds@n‘?é’cﬂﬁl%ltécﬁo'?ﬁé exdalt REN&GRABIAINRde AR dAMAAR] Sl LR tHepRse specified,
prior art_wth respect to the present invention,

T"d‘c’t‘ ﬁ'écheweﬁ*ﬁlow fidptendg tﬁ&ﬁﬁn H@thdhe EFéft?ChY"c‘i‘%‘I‘-f‘doaf fugctionally
| qquiviaient mhgé Etﬁfbtﬂﬂﬁ@ﬁﬁé’ttvaﬁ:@ﬂﬁ?bf Etatnpid, taldi A BYysi STEGBII O d QE “40 mm”
ef%nu} g#@ %3%n1gn a docunent incorporated by
riafErgd & mFWé Shing"br definition assigned to the
t er m i All béigneats ditegrin reddetaiidd Rdsatiptigpofahelnviitidneare, in relevant
N U / [ '
DR Ry SRR 15t RIGTSE o BAERLER e onsr
t #5seadaygsiandhatiihispier at tvithitapegtde ithaurressnhisvertipan Jesthe extent that
adiHy Rkidgl orakhif#ion 2R té}ﬁl HRELS wiftleh GH&urﬁ’&ﬁ 3bAiBE WithoRy meaning or

t he splrlt and scope of the invention. IS therefore

i dpfiemtneetihe tegy dr a Pﬂc‘{“l‘f‘é“ Hﬁﬁm%eé"d’ B réﬁ"rf%““&} the fsaping or definition
Ceﬁﬂi@@&ﬁto&h@teﬁﬁdh fmﬁazhuw dodulfdnt Hafl ngéxhl n the scope of

this i nti aon. CLAI at |

for *colliF prEGHGT oRERIMers offhe Fraiar oyt bt Sfitited and
cdeaerisideit wostll berotivilats 1o Hesprldiesin thoap thas esrtous eder cingges and
%X&i%rc%ton\é\dcgmbeamggé Q)l P&ﬂtagé%/r? ;x% fx%%etgg rﬁp dnd> s%oSeC I)the invention. It
fromthe group consis rom um Fni ckel

zis thereforsgatendediaregserds éhe mprsmd:edwlanab a%m!mhacgﬁpped modifications
CIRACIR: WWthinRP B&Jpe 2 Bfis iR¥hiRS thereof, and

conbi nations of any thereof, to obt ai n hydr oxyacet one,
preferably reacting the glycerol with the netal

catal yst at a tenperature of from 1600C to 3000C and
preferably reacting the



glycerol with the netal catalyst at a pressure of from
0.1 bar to 10 bar; reacting the hydroxyacetone with an
waninadqaspound, preferably selected fromthe BPEDUR2007/013539
consi sting of ammoni a, amoni um hydr oxi de, hydroxyl am
ine, primary am nes, secondary am ne, al kanol am nes
and conbi nati ons of any thereof, to obtain an adduct;
and reduci ng the adduct using a reducing agent to
obtain an am no al cohol product, preferably wherein
adduct is reduced at a tenperature of from200C to
25Q0C. 2. The process of Claiml1l, wherein reacting the
glycerol with the netal catalys 4 occurs under gas
Sﬁarlgifng. 3. The process of either daiml or Caim 2,
$ the reduci ng agent conprises hydrogen in the
wWeaenceingdd iz hydr ogenati on catal yst selected fromthe
group consisting of nickel, cobalt, RANEY(r) nickel,
RANEY cobalt, RANEY nickel or RANEY cobalt doped with
dt her A pranesstforotonvatial glycetol kedn aind@lcofi®PfBduct characterized in that
W%’ﬁ%sh‘@% EJi?etsj num rhodium ruthenium chrom um
iridium rhenium nmanganese, nolybdenum iron,
ti t anirepsting i glyemolumithnagmeil uesalysti gegertbler sddéctedarftbm the group

conbi RghdiQhe U ef. N %fu%?rri%\mp rrgr:]?e?_

ahly. wherein the or
hydrogen i s at a pressure of from I bérc’t%oebfgo gafpeanese, silicon,

and pPEFEPYB} SORRRESIIPRIte HeoPRyTFiDg avrides drerecdt ald/enmibigations of any
SUPPOkHeRELIORd bttt dxyafdiRs bR dchRe %@%chr 1 with the metal
consi st | pg of alum na, titania, zirconia, cha Zoal, )

chr onP&2lY8} pY 8 otemperguire &f from ol QOFrtiP 0 6 rrgd gprefergply reacting the
t her egfycdrol Wit the @ems Satallystany pafssurb of ﬂbxlﬁ\d.pldéi-l t618iba%,

wher ej A i lycerol with the metal catal yst to

obt ai k&ﬁg}'g?glﬁ(eygcégxc%get%% G4 4 aming; qompopg c‘?r8¥e,rab'y selected from
pr ef ethebirpup consitikofheunongcinononiamchydhedidy, hydfogylamine, primary
hydr oX¥afe! 00l téxﬁirﬁﬁ,f Gl DamBe® NG aCLor b GicRk N ~any_ thereof, to

reactors.to conplete the reaction to the amno a
pr odu@btainan afducthansbess of G aim 1, wherein reducing

the ackiueingUufié RAdet W8RECd RAuSEE HeeRCtoUWhiaih Ananhinb HidcRol product,
bed rea to‘;. 8’8]2 The ‘f)r ocess of aim1l, whereln .
r eact PTRETGPY ehestin adust isHedyred a1 2 emparae ob fremr29°F fo 850°C.

first trickle bed reactor and reducing the adduct
YS! N9rfe rp?gc%gsl %9 (ﬂgirenml, %v%%yerig réarc]:tigg the glycerol with the metal catalyst

occurs under gas sparging.

3. The process of either Claim 1 or Claim 2, wherein the reducing agent comprises
hydrogen in the presence of a hydrogenation catalyst selected from the group consisting of
nickel, cobalt, RANEY® nickel, RANEY® cobalt, RANEY® nickel or RANEY® cobalt
doped with other transition metals, nickel oxide, copper, palladium, platinum, rhodium,
ruthenium, chromium, iridium, rhenium, manganese, molybdenum, iron, titanium,
zirconium, magnesium, oxides thereof, and combinations of any thereof; preferably
wherein the hydrogen is at a pressure of from 1 bar to 350 bar; and preferably wherein the
hydrogenation catalyst is supported on a material selected from the group consisting of
alumina, titania, zirconia, charcoal, chromia, silica, zeolites, and combinations of any
thereof.



second trickle bed reactor. 7. The process of Claim1,
wherein reacting glycerol with the netal catalyst to
w@bdoaitm 1y dr oxyacet one occurs in a first reactBCT/US2007/013539
preferably a trickle bed reactor, and the
hydr oxyacetone is converted to the am no al cohol
product in the first reactor. 8. A process for
converting glycerol to an am no al cohol product
characterized in that the process conprises: reacting
glycerol with a netal catalyst, preferably sel ected
fromthe group consisting of copper, chrom um nickel,
zinc, cobalt, manganese, sili co% al um num copper
chrom te, copper zinc, oxides thereof, and
conbi nations of any thereof, at a tenperature of from

r]fﬁgoc THe p%&t %ﬁ@gqﬂ’&m ;ﬁems@kr amca'h&eﬁ\ re&&a.gtgnmrdl Wgth the metal

ydr ox et.one W an am ne_conpound e

c‘ﬁﬁb@b%oocb&‘f‘ é‘é’f"é’a‘y‘?‘i%‘?ﬂet‘}‘f&‘“@ b g‘% et I?’ﬁ{j‘ %’?y a trickle bed reactor,

aiNdOvhedein ahiemyuru;ayalayqdnm@ tikinsfefied 16Xyt afnives ofher PRAGNrs to complete
NeS: S ﬁlgn arné "flcmlb g?r %I kanol am nes and

g]eaﬁ(%&'ﬁ{} A PREOI at a tenperature of from

-200C to 1500C to obtain an adduct; and reduci ng t he

agdductyiging.s@of el n@h@r@?x%d%%t%@@%%t GARRE F3}u88hg agent occurs

hydrogen “in the presehce o ogenat i on

saaddelde bed wwastPhe group consisting of nickel, cobalt
RANEY(r) nickel, RANEY(r) cobalt, RANEY(r) nlckel or
RANEY(r) cobalt doped with other transition net

M- ckel TiGAraeess ebplpap 1 parraeertreglyerd o he memhcatalyst oceurs in

raifibse ek bell rredbteliand Fdddéigthe Aedict NisingBd) galleing, agent occurs in a
ron, titanium zirconium mnagnesium
AP bt 9 ¢ ortoi et

id conbi nati ons of any thereof, at a
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the process comprises:

reacting glycerol with a metal catalyst, preferably selected from the group
consisting of copper, chromium, nickel, zinc, cobalt, manganese, silicon,
aluminum, copper chromite, copper zinc, oxides thereof, and combinations of any
thereof, at a temperature of from 160°C to 300°C to obtain hydroxyacetone;
reacting the hydroxyacetone with an amine compound, preferably a compound
selected from the group consisting of ammonia, ammonium hydroxide,
hydroxylamine, primary amines, secondary amine, alkanolamines and
combinations of any thereof, at a temperature of from -20°C to 150°C to obtain an
adduct; and

reducing the adduct using a reducing agent preferably comprising hydrogen in the
presence of a hydrogenation catalyst selected from the group consisting of nickel,
cobalt, RANEY?® nickel, RANEY® cobalt, RANEY® nickel or RANEY® cobalt

doped with other transition metals, nicke! oxide, copper, palladium, platinum,



thereof, at a tenperature of from 1600C to 3000C to

obt ai n hydroxy acetone; reacting the hydroxyacetone
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to 150C to obtain an adduct; and reduci ng the adduct

using a reduci ng agent, preferably conprising hydrogen

in the presence of a hydrogenation catal yst sel ected

fromthe group consisting of nickel, cobalt, RANEY (r)
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characterized in that the process comprises:
reacting glycerol with a metal catalyst, preferably selected from the group
consisting of copper, chromium, nickel, zinc, cobalt, manganese, silicon,
aluminum, copper chromite, copper zinc, oxides thereof and combinations of any
thereof, at a temperature of from 160°C to 300°C to obtain hydroxyacetone;
reacting the hydroxyacetone with an amine compound at a temperature of from -
20°C to 150°C to obtain an adduct; and
reducing the adduct using a reducing agent, preferably comprising hydrogen in the
presence of a hydrogenation catalyst selected from the group consisting of njckel,
cobalt, RANEY® nickel, RANEY® cobalt, RANEY® nickel or RANEY® cobalt
doped with other transition metals, nickel oxide, copper, palladium, platinum,
rhodium, ruthenium, chromium, iridium, rhenium, manganese, molybdenum, iron,
titanium, zirconium, magnesium, oxides thereof, and combinations of any thereof,
at a temperature of from 20°C to 250°C to obtain an amino alcohol product;
wherein R, and R, are independent of one another and are selected from the group
consisting of H, C;-Cyo alkyl, C3-Czo cycloalkyl, C;-Czp hydroxyalkyl, aryl, C7-Cyo alkyl-
aryl, C7-Cyo aryl-alkyl, and mixtures thereof or R) and Rz come together with the nitrogen

to form a heterocyclic ring having from 5 to 7 ring atoms.



