10

15

20

25

30

I M PROVED HYDROGENATI ON PROCESS Fi el d of the invention
The present invention provides an inproved

why@voagessat i on process. Mire particularly, in PEEUS2009/035605
hydr ogenati on process of the present invention, a

nonaqueous SO|VethhévéﬂH+6§6ﬁ%ﬁh9mmﬁﬂﬁgf Jeat Wi thin

the reactor. By thus mnimzing water added to the

process, catalyst actlﬁLE&LﬂEd;Emagnlon specificity

are.enhan Desi r r.oduc
Solel'\;\gﬁ){eser&trﬁlentlon prow ﬁs%h im rg\fe 0 dro§d'PoxyPro§érs(s)ué/lsore E)asftlcularly, in

the bifdrdder &tbnSPodekbadf tHeh:ﬁesfeﬁﬁHBdntl@rﬁ] a@bninyps 3duRErs iNAMzddQ0 manage heat
further mnimzed or avoi ded. Background drogenati on
withinsthe rgasies By tous Wb‘l”E%fW Yyatsy @ﬂﬁilegf tcé’i@éﬂ?é?srﬁ @talyghftiygy and reaction
speéﬁ@tv are%ﬁ%cwsﬁespﬁol\; @k@a@tldrpprgd&@ for & Qol\%ggvrtﬁ’la r’rﬁrﬁﬁ\gltdu%er of
tenperatures so that proper reaction conditions are
hydrpptv| gtoaipn éschtidired sd &t thedomegion pOrypmdycie candedurghen miimired or avoided.
On a conmercial scale, thi ypi cally be done by
utilizing a reactor that P§d£E¥¥%tes heat renoval .
Tulbdedge i@ reac8qnsfalelty gt atl@ Highlg dxdteasi sl BRGkch) aek eligde taken in
stirred tanks are all exanEIes of reactors whose

ord%{é%‘:%roéreﬁgwg tgraperatyees &9 Fhe Prp§r SAcHen E%\&tlgm are maintained and
desitSHREERbh Prodlict Rark B6kefed €8h 8 oAl RI &chE, thedkl WpicaWBelo%ne by
effective at heat managenent, each of these requires
utiligipgpa @iﬁernf_dﬁ‘tfafr"éa‘@f hezt einedveh dbyl wseastase §luidzebpatigpagtess and
jackgl%}i ryt el tah RO I'Ir g@h} 9 Qgrlegétg %vh)%etolg g Sln)%s ?&Qﬁ’é (erculatlon f
vent's nay a e utilized 10 man heat generate
coobowt, ammallyem mjackelyxteroglan dtel reattasrea\lmle efﬁ&;tlvtaﬂdwan’nanage ment, each of
hedart cu%ar ter F%ﬁ.b en utilized f ? QEOSF' diti
thesgIGRAVES the ekRendifyF of i itigpe \K%Pf’érfe? 'Hf’bdeéE?c'Ha'Pté‘Qd Ul cgpditions
withdethdglReirr able in that it typically nust be renoved to
provi de commercially acceptabl e end products, adding
costlvartd may aiso boutiliaed ternprnagsshe apgrietatasiy emtheréw hyalfresosion
reacﬁ@ﬁsegn(ﬁﬁga%g@%e@i%r ﬁﬂ%e?ﬁ%ﬂé‘éé& f}élr %ﬁsg)g%)sg glicglxée\@igﬁ agdltlon of water
|ntocso¢1treadn|uhscah be oadeairakdd in dhaag itaytadaiomyst i de mavpd acitraditié yommercially
scc il PR B P Gion A e P pienr) ATVl Pieneous water can
declRORVRE Sdti0iy &fangtaya@f U@slrtaﬂy @fea\(rh e procllissih kbReItdse cafeven
gl ycol s i ncl udi ng g Fro panedi ol ,
contgibgtesp %dﬁ%d?%?dat'fn 2nd gap aﬁéd VSlow regcgion fikes. he
CO"kYr?e%h%?JuallQ frf?&cfr‘tcaﬁt e)Ql’n}ﬁre%'f L ny(ﬁgéingt\{d#\rrggﬁgn fAlolfes the conversion
hydr ogen-contai ni ng gas are heated to a reaction
dieﬂpeoatudeadnvbhempﬁgyeweedgmnae@aﬂahysmmemnsm3pmpmwdwl12

ont al ni,n cat
etha&%%oe%[ (V? the co&??n%ggaﬁlgrocess& B%{l (fhé/%g ger& U PBIId o\geraéontalmng gas
re BAHIQb lar@dctiph @eHpetatturt irythe presence of a catalyst, most typically a copper

containing catalyst. Such conventional processes, unfortunately, can provide suboptimal

productivity.

Firstly, low activity and poor catalyst lifetime can limit the productivity of conventional
catalysts for this particular hydrogenation reaction. Also, and although, e.g., 1,2-propanediol may
be the desired end product, the formation of other glycols, such as 1,3-propanediol, 1,2-ethanediol
and other by-products can increase under certain reaction conditions, such as a wide variation in
temperature, the presence of excess water, the low selectivity of some conventional copper

containing catalysts or the use of lower grade reactants, etc. Reaction selectivity may be influenced
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Firstly, low activity and poor catalyst lifetinme can
limt the productivity of conventional catalysts for
wao biog/1pst i cul ar hydrogenation reaction. Al so,P@ntis2009/035605
al t hough, e.g., 1, 2-propanediol my be the desired end
to fEQE)IOH‘U&JC’tIOItl QI% Fta?trcqﬁap E%u&for%sha%& &L&'&fﬂ)@of rgé{:‘abn Wproducts by
3- pr opanedi ol et hanedi ol ‘and ot her by-products
adJU@mfﬁnrc ptane @6 mocmr@eqtloo ecprtdaathns rala@sh suchadivelimenbtygicallygops not come

. asS w de V iation rat ure e presence of
W|thé))LéE:ex§)gns\<lavat nd Iessﬁeswable ggeci (or t\{plcal ?ea(glon%y &r)or(]:i\tljétrsﬂe %, heranedlol

and @adppiehe Sipdat @b pibMgtes ainaﬂe)dsﬂ‘lﬁjltmf nbﬂ’]&npblﬁﬂble()fo re @B bydisdill&ion

reactants, etc. Reaction selectivity may be
technigpy encedt o favor production of a particul ar product,

or Iﬂz‘si&thﬂEn Rh WG&éd%dr@Eeﬁaﬁ%Ho@&s QMUlQBQgH)QFd%d inQ¥hich heat could

adj ust ment of one or nore reaction conditions,
be agpq%mma@ggmwgl@qumg'te@mno@ 9fipubsipritipl mg\tsmﬁyvatgj miffective heat
manva\ngg&%qgho?ﬁe(dogn\?e%t sub%r} htial g%gc%q%?gn |n%9taﬁ/ﬁei%§\ﬁt§8§ ﬁQecg(/ g/r Further
adv:pitagey:blﬂmee gHeyidfahe p)rbosrss an@teesnondally practibial bi evah bdvahfagevot, by the

ossi b renove by distillatjon tech ues.

pm‘ble’rng er‘ﬁ'ﬂiﬁmf‘ ﬁ{etﬁe camsy %?%\)%fagmwe&gtbﬂéw &PPE?E@M the process to a
varid¥puf fadi@ opLia¥ing RdteriBls WoLIB MurbRAtnIzA #e BEmABRANAIFYnCce thereof, as

managed wi thout the addition of substantial anmounts of
woujthttiliratiorpf eagalysieehamina e loangsTdifrsimerand sirshle@f prhéjidngta higher activity

LVi - . .

andRY PELEON) B RN AR b e EE R oo oy yytzed n s
prog@sncess were econom cally practical, or even

advant ageous, by the productive uti lization of the

energy of reaction generated thereby. Applicability of

the process to a vagiigisymianOdiaRemvétiioht arti ng

mat erial s would further enhance the comerci al

si giiePreseidwentiparseyides 48 inpspyed hyeropenaben eiecess that meets or exceeds
thes%%%p?elb?é?llgﬁsg H’gé{ IUg tgtra Lrg)g%?\%{c{vytegﬁ f'Zﬁvreq'g.g @%&?€+§1;%lthout the addition
of stllyantdd smoents pbadti. Becqusobkat tseffedtaply oah@ey,s:{dgabatlc reactors may be

tlonal uti i,n this proces

oG R i e R b R B OF v el s R e aso
optitriifled, QY @eht Pasdiicrgeteaitl 0dleddiv BLAE Aot ddRprdMeldS BREalRX ERE6knation of

t hese expectations. The inventive Fr ocess provides

bypgodpgeis mpimizrshentriisage AeHbs i tieheruntsRé wakrg st eifedp the present

proéysh§§|ﬁmf|e§| F@Eﬁ%“%s%sa@fn Vahek prcﬁ%@@yé @heh:ﬁ@(ﬁuc{@e utilization of the heat
effectively managed 5| abatic reactors may be

of regciidn geeerateddhy dire ftvheagprableeswcma\yo fortbergeducs ahstatat geaktaged by the

Irc)cceg)ntl nuously. Catalyst productivity is also optim zed,

P that reaction rate and selectivity are not
comam@rsrpaedauyﬁemarus frst hebddoﬁmttﬂeanthefpréayrnnrwdmmnSprb\Sdes an

mni m zed, and the use of substantial anmunts of wate
'mp‘ioé’e‘bl?/yéiir?féﬂat'of‘ l‘?éocﬁ?seg'éerﬂroiﬁsbﬁrég'ge% fertgp ﬁfﬂ fiendq ”OWF?\‘@FO'VGM to

a hyQR)%EnﬁlﬁNFé}gt% C@Fhepﬁldﬂrdgyﬂy%?% c%'r’r@mtah&\ \pﬁl‘?g%EﬂaNtechereof The
utilization f heat of reaction generated by the

nonhqu@puﬁgeehamtid@ﬁrqblvcb@eb@ rexyl fingtiohadity thecgind enitedyangdanase specifically, the
nong(ﬁ}ggﬂs%%ﬁ/gnt@és#algﬁ/ comprises a hydroxyl group weight percent of less than about 45%,

preferably less than about 30%, and more preferably less than about 15% and a hydroxyl equivalent
weight of greater than about 30, preferably greater than about 40 and more preferably, greater than
about 100. Preferred nonaqueous solvents include, but are not limited to, dioxane, propylene

glycol, propylene glycol methyl ether, polyethylene glycols, polyethylene glycol methyl ethers,
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process. Mrre specifically, and in a first enbodi nent
then, the present invention provides an inproved
why@pogssat i on process. The process provi des fRCT/UR®09/035605
addi tion of a nonaqueous solvent to a hydrogenation
trlprrosﬁ@rte' gquol ﬁlpwlﬁrené %!ﬂéo‘l/}ngllﬁéll eltIYerq{lprbE\iI&Qwaaé ﬂ)rgB <¥He {Vc@l methyl
react ant t hereof nonaqueous sol vent deS|ra£
ethdwfmemtthﬁMcﬂmmn\d¢>1l<1te3prwmbleatmnls pithesed, and nore
Spqn Fersaénspre%kre(ti e%bg({)aéarﬂgﬁﬁe nonaa%ezé)gpgolveeﬁ?ay n'?f:)éléesa %eﬁ%‘crl‘]ed
readﬂlbﬂ ditod 4& Yore 4% ﬁf\ﬁlﬁ E’d%{/ yorhpﬁSS rdabt@dh prbdudt, a 3&an § R€hctidt I®/products or
preferably | ess than about 15% and a h drox¥ _
CO"@WGY'%F%?O‘CV\BFS@’H?'V dpe @F@éﬁdé?acf'ﬂ%ﬂroﬂbcda cagpM 'ﬁP'@P%ﬁeéﬁPt an about
7%g/UaQé\I &ld r%%v@@)@%atégorﬁ@ﬁ* tROESF FOHES @Jd@@éd)’prlogFcﬁ%tc%hblnatlon with
t han about 100. Preferred nonaqueous sol vents i ncl ude,
the tﬁactaatra@thntWOdmtpemt@ the halfirogemation rpadjppl éhrimplrgred hydrogenatlon
n hyl . et her by o
proé% F)%e\f ei?%a%ea)(\g oyg% |¥) X aﬁc‘? ast atbﬂtét%g t $Iege\r{aé:)g\gﬁqene g?uts7’5/> and in
somtaﬁnsmh(‘xpyét&dﬂﬁt doycgls rﬁmth)tlcore/tahem whilepiiso pydvere fpbheaduct selectivity

o BSB89 COL L L DR AP DOt

allo® raﬁﬁl@ﬁtfcﬁd)f W@Mklﬁ@ﬂﬁﬁlcatfoh%cﬂﬁlaé@sugm&e&ﬂbN BrdbudtA¥actant mix, which
conprise a recycl ed reaction product stream which may

in tusid MY pPdvanteernes!y alfP Wi bacsradepf reagianhiietbe usesip thepventive
fwdgégﬁ9pHﬁ%§59r conmbi nations thereof. Desirably, the
rec ed reaction product streamw || conprise |ess
t ham a Gbvohat erhEdimaxttethe mminonmyovhavm Mpeombmteasmmmmydrogenatuon
f further red its £ th
of gle/ﬁeéol gléecrergfﬁss (é)lxl’rH)/rla?s ia)rff)pgﬂlmg Iyﬁerf % s{o:;irg a nonaqueous solvent to

proVigeti YRR RBdstRRGEVIRess T dbBISONEght ¥ dEGRRatah@then (b)
process provides reactant conversion of at |east about
conggiing thy devate(pd {pedtoqkavidithygiogen in BoRressace af 2 safatst at operating
t 0,
feed A3} Aot anl B Lo A0 ool ACH: 3 B PRER a8 o eaction
prod Lga(gtmpalblogjtess?tﬁ% about 4% WQIeB@P/lpss(Iharelﬁéﬂ'wﬁéﬂ/@r even less than about 6%
Ad onagﬁy the use of a ctlon FrOd%F %Ilo%/ bined
wately ‘ie&téinu SH’“GPFfe%E%aﬁ%? RPét"Hh? ithg EATOB RS S&HN%‘G g apg combine
with, BeutliedCds] th8 n@a0detik s61aRE L [AMes BEMbodMAE®E thdirebétloR pFaRY ct/reactant
advant ageously allow a | ower grade of reactant to be
mix g gesishint HBPq" AYEYON YR VHPHY B ErTater ehihpihe ergatingfergperature does not

varyfl:H/rrﬁcng thafy gp&ﬁi llwetandﬁonﬁeraﬂv @&;s ngpvalpyr th%%h ﬁ%bbﬁ@o%’ ed
process for the hydrogenation of glycerol. The process

Furtbempre Steesredcipn eordtbét/reagard mit Iy@\ebq morfeeeds@hb@to ipgxpénsiye purification
t to rOV|de a eed

eo S S
techﬁmlq\t’]es | eséeﬁckagﬁg\grbeo gt Iowergqﬁ\des O%N%ac%%nqs mta |I| ({S‘ﬁ\d further

percen P and

cost(sb\)mgG@FHv&réH tdghe ifventde wadrogedtidregdadsack wi t h hydr ogen
in the presence of a catalyst at operating feedrates,
tenperature and pressure conditions sufficient to

result in the fornatbggﬁag&ﬁﬁqﬁggﬁmﬂ%gduct conpri si ng

| ess than about 17% water, or Tess an 10% wat er, or

evehhe detaled despringlon @f thgdgvention that follows may be further understood and/or
illustrated when considered along with the attached drawings. In order to simplify the drawings,
conventional details, such as valves, pumps condensers, reboilers, surge tanks, flow and
temperature control devices and others like these may have been omitted in certain instances. The

construction, operation and function of such devices, as well as the appropriate use thereof in

process design, is believed to be known to those of ordinary skill in the chemical engineering art and
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water. In certain enbodi nents, at |east a portion of

the reaction product is recycled and conbined with, or
waikitrss2 as, the nonaqueous sol vent. |n thesePCT/US2009/035605

enbodi nents, the reaction product/reactant mx may
as s@c‘f’lsﬂhggnﬁs@loﬁ Smaﬂﬁgwf%hegggr{vgrlntlo% Itemn%ntshgncrt%gh% beff any

hat the operating tenperature does not vary by nore

paﬂnhhnmEbU@Wflmﬁﬂ@ and preferably does not vary by nore

t han about 50 C. Furthernore, the reaction

Pr qi#étlj% 1 fs%@fb‘bl@@ig rgf‘n)&f Em%pgt%tmrlﬁ n@aV%Q @Qilz@d Ecpcarry out a hydrogenation

i nexpensi ve purlﬁlcatlon techni ques than the reactant
proggbategrdiog ta thaprebewinverficades of reactants nmay be

Utnl/egrﬁ’feeg's %al; %"5%%@[0{ %ngas d}t%)%gellgngar 91\/& %%?be Uotl|lt enftﬁ carry out a
hydﬂgaWUI@Sro'&h@ adetomgltedwedesséhﬂ ipden€ion; of t he | nvent i on

that follo be further understood and

i | TR 3 é&'%@ﬁgre@ﬁémdﬁg@na@aﬂﬁaw that F‘H\ébea‘ﬂtt"é%t@&a”y outa
hdefgéWMtlBlgﬁrocés@ a&’:BQﬁ{g th eheJr&dRhi ihYentiBE wheAWM tR8Bydrogenation process

conventional details, such as val ves, punps
utilizes syl €lgsesin; r eboi | er s, surge tanks, f1 ow and

te 0 -

ha\r;ﬁgg%ge:le E gra%Rilggl I!I”%t%?elrf ;EI'\%I rﬁlg}%sc?)h\hqulén M{jﬁgo&y&%g Elygg?yelectlwty
for mmstdvemhydmgennp:e tp&dce Sracanding ik iembhodimestsd Ithedexanti@sperformed as

sescibed BipoTae Bt PEVRE T B DB hose of or i nary

S k! Ai éu_ré Rish @%_pﬁ’aﬁ rdb@&hon% gie%@éﬁlrf@n@érglom%‘ioﬁ/%g glytd€electivity
om ssion or inclusion of these conventional el enents

for the inRypvedderoseng tiprePrioeesamenpitiad Rykample Axfeam Aiie 800 hours of
opehggﬁeto Figure 1 is a block diagram of an apparatus
may be utilized to carry out a hydrogenation
pr of(m&s6 e gaptiical gepidianivé therghs et convergert ardnprodylege glgcdd selectivity

ror 68 i YR PSR st Ty SRt P B ph B [ niB o

ope€i6@lafling to the present invention; Flgure 3is a
bl ock di agram of an additional apparatus that may be
ut i T8UzREs £ 8RR eRIEHONLT HiFdPBBRAUIISGA] pregitiersdor the improved

hyd ﬂ)%@rgarflglll Btg)césg ei%llﬁémgm%lg\i%l: fh@ Birst \f%rf%hﬁ of Q@eratlon
ydrogenation process utilizes crude glycerin; Figure

4 is a graphical depiction of the glycerin conversion

and propyl ene glyco ectivity far i mproved

hydr ogenat i on pro@§%§4§€?@W§FW§¥FEQ%nQE%%bod|nent of

t herhie PEHtinvaNtRA grOVides @n @Spre\RsIGH dldgehation froadxpl Mok, particularly, the
over the first 200 hours of operation; Figure 5is a

impeprvedypIPeess UiERT ronaAesHs solvengPihest nAnagsmoRly ¥1dsinca g introduction of

watprr@ﬁ%llrﬁl% QAtW&bro%S&ﬁ/ﬁ& fs\l)bilMlzg@gndtdﬂgddcpgg[egﬁm is desirably enhanced.
hydr ogenat i on process exenplified by Exanple 4, from

Thezglﬁ)aquoﬁ(g@vmlﬂdgﬂ@bly@pem@hldrhydroxyl groups are limited and in which the

reactants are sufficiently soluble so that reactant conversion may advantageously be maintained or
even enhanced. Cost savings can thus be provided in equipment expenditure in that a greater
variety of reactors are amenable for use in the process, including those that are easier to use and
less expensive to operate than jacketed or otherwise cooled reactors.

The nonaqueous solvent may be further characterized as one in which the number of
hydroxyl groups is limited, i.e., one with a percent hydroxyl weight of less than about 45%,
preferably less than about 30% and more preferably less than about 15%, and with a hydroxyl

equivalent weight of greater than about 30, preferably greater than about 40, and more preferably,
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Figure 6 is a graphical depiction of the glycerin
conversion and propyl ene glycol selectivity for the
w0 pppoyBs2 hydr ogenat i on process exenplified byPERESPOE035605
4, for the first 1500 hours of operation; and Figure 7
grea{tec'r tﬁangerbgmogah cgﬁgih %Féf&%dcgmlz;olaﬁn&m%rngﬂwu@&s@glgent may be a
pressures for the 1 nproved hydrogenati on process
reactige pod idtj re actiny oEscamhyin agiods offtiase sdhbaf the mrmimoofwodﬁsgabje
byprd%gctsata'f‘ %Qm@% Ptale%q:) %Sgir('jlﬂ%;] oPcl;lcher t ! h%f %o?v\ésgécgﬁgf m|n|m|zed or
evePEIDGIRRSI. AVher ardazﬁrttiag@blhafl:ie)éeer{ |h&1elnb’@d’cmh’@.d spl €t @3Sthe amount of
utilizes a nonaqueous solvent for heat managenent, and

wateitheraindpet tp AHREYRY | orfiegfabiidhelaw AbeuiR WeightPadentcat al yst

Pr aftoké ¥hbobihentOBthding&fioA W eliAd &driod %lo%ggtyr\éh&é/nﬂnﬁx is utilized,

desirably enhanced. The nonaqueous sol vent is
the tegritivebiogesomay previdhifuhehgtirorgds igihatipweraredes phiepdantanm be
Utl|l%eﬁ twhr eactvh'% ong%ﬁ%cg?sg? o-ﬁ]r ﬁlﬁ?H;]&bgtho?\ goe&éu ela(k,'lc%ntq’n& &an be more
amdﬁablatcahmdnme penlfemuernfea}mﬂ@das tHaa stie rsmtamgbne an thiadaascelz®mbined,

rovi ded |? ment expenditure in that a greate

the & Ft||0é1tpyodélft reaga |§ c%n.lzg ﬁ%ﬂg Fogalldcﬂ.m ggon fechin Heues. The relatively
purdfe@&HHIhat résU & ﬁm‘tr@guctea Qﬁ@tﬁe%ce_@i ﬁ'\oe@&'d?fhetex&nb@&_pﬁﬁ%asmg a

| ess expensive to operate tggﬂgjacketed_or ot herw se
refiregd @ragd of waetedr & wetlpe theowalsa e YOS DSvReEgchEURUr t her

ch t I

ar e A3 Ao bl ¢ by Blos b kess and any
hydmgérgalnlbn pfocése ssintpnavad atag ik catBE4 OLplSlG:fseihahily)COd\tHS&uil\l'] ae, so that

0 o

reac\mnlt Eeteggcggﬁafarg)&?vujéegd?&]}{rg{f?okg%?s&eﬁlglggcgg‘t?réjgtj \kjgr}dﬁg ion Er%ducts are
remaRQUton3Pe r@icek ef ahte/suficrRat ®mihiade o@BQU&nt‘fIQs acauHAu I8N f reaction

pref erably, greater than about 100. In certain
ProfrcewiEhin B rerbrsd Reaskarsthat He sHishigdereonisnuoss fpattionnirg kpevrin the art

t
ond e R o P P A e o E PR 80+5 88 B LABOR 78 ractve
d|stlllja|qhaol|uh1nt alimd theprotess efdbk priecemt mf/eral_oherovtdypeselfaéllant means of heat
vents, cgn.be mnimzed ﬁ{ egen eg qlnated Fq b

ma”a?%?i*éerﬂt 084 Rl BE Ledn O'F "PHE YRGS (1! ke Eoé‘§ce maybe
utilifdae anount of water therein kept to a m ni mum i.e.

desi rably bel ow about 5 weight percent. In thos

entftydragemation sractions dpsipbhiviitzineatatlstiing pagisules '?ﬂ‘?ef't in that catalyst
actl\p{y%bqlwlzreﬁ%te@Mrlamﬁ% ||11 r?EaUt‘dn cbgcﬁgonstarbemfnwmt én\ﬁeche addition of

process may provide further advantages I n that |ower
solvgmtagbg@ngcﬁusrt@gt@trgmtlomyvctmeduﬂn partebhr treetionsty esirably utilizing catalysts
whose ac |V|t ?n%ncg‘rlcs Ign{v%ﬁ?re%gfrlmeg?tlI%mﬁacteﬁgllﬁgfgﬁagdtd{tlon of aqueous solvents are
benéfi’céd(ﬂﬂﬁ&‘rioﬁﬁquﬂbl[sl sbiverat hreldedi@bRntilide s thbpresddigrdceact ant

al one, so that once conbi ned, the reaction

pr md:laytfcgla@t |g}pprtﬁri\t)@pelgﬁtlcb'bof§mr@@ts%%f theypresgnginvention is found in the

hyde)%Erﬂaftlbﬁ: @ﬁ%lﬁ@ro‘ eﬂﬂﬂ@béﬂlﬁﬁwe cgh\?‘enﬂ@aaﬁr'&’&.k ¥f o@HH&tlﬁgﬁﬁ%tf@@rtogenatlon
that results is introduced into the process, and

reacgigoiselsctiviie camspierdeonplessgharcdrdigiahigpagmanagement and/or the addition of

excess water, the present process is not so compromised. Rather, the process of the present
invention avoids the introduction of excess water and yet manages heat effectively via the
introduction of a nonaqueous solvent. Also, the heat of reaction generated may actually be used to
remove at least a portion of any water generated. As such, temperature variation within the reactor

is minimized and catalyst activity and selectivity are at least maintained, and desirably improved.
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refined grade of reactant, as well as the application

of nore expensive techniques. The present process may
wa@dwantdgeousl y be applied to any hydrogenati oPCPUSIHEEE35605

and any hydrogenation process so inproved nay be

car 'tl'%q'werlé%er%'ﬂpﬁ‘]bt%@ésk Qéchbeur%QQEHegd#&Qﬁﬂ Mvenhor? giycéﬂ id Jz)ﬁ{blned with a

reactant féedstocks are provided to the reactor
nongqusgusesrtvieati ang hmmgqnmutb\@@wermq@f ? edaysit end grfedudes oparating
temﬁ,?r%yeegndfprtaos%rtre cc\?/nedﬁlt{eo%%%uq{luentt to reFu {In 6?}816%8¥er I]é)gé)f a %)e%ctlon product with
a mipmosdl weter Wnttehit NAltHu gl 8aGolunt JReAGH gérfrdtbdby the Prosels nalblaey

for continuous reactions are known in the art and

depenfingiden pi Isastithssepctaahicedrates MAUEAPSalr oY AessWe dfitsin the reactor,
as oﬁ@@ahﬁi&ob‘ﬁa éJclerrlrf REd LMakn tF88¢ boJ0Ss A QSsruﬁﬁngtﬂOU‘% conversion, the
distillation colums. Since the process of the present
resyltipg serctiomprpdusy isgurectedde Fdmprisk iea:htﬂwalmggngb@ft 1A% atater, less than about
10%naa gg)?m\‘? I?ss%'\nan%go&%avsél g gntgvaterI . €., one not heated
o1 €00l €d Trom an ext ernars source, may be utilized.
HydTeage:na)trookunts hedtd sucnslodegdterabhtgn UdroVidezdighfican taetaitagst at least in
f.l,loartl cul ar_benefit, in that catal %st act i El(}é i S
are 1{-&9 204" YEPT IR TGS AT RAE MRt RGRI'E FBRATIGFRS however,
watéd BhiEhZ&dhe r@@(.dloh rﬁﬁ‘od@&g dal B8 e Fe@ley Rl S oY tulti MM FeabtQs portion of
the reaction is avoided. In particular, reactions
the bieag Pt rgpytipn generateq biythe awpgﬂ@@%orvm@fé@n &waipwwr amgywe remove at
Ieas‘?‘:ﬂ)&g&ﬁ X#a%ng{e?frgr%ttﬁé JEF&FOQ L&ﬁul:tqp‘rf})gg & ly rﬁcmﬁt of water will be
tion of ‘aqueous sol vents are bene
remnmdaqttlﬁmﬂls% solleszseamsmamehedesqtloabfoﬁucts Ir’hOrE eeklrlalviy tlh% or less, and

roces One particul grly i rtant .

ontifg iy Fleefecin b disiempieboets e Tondoo BockRen AusirIcH of water s
expéc@édjrtd absit hh@ahﬁﬂfa@@ﬁ&ﬁﬁﬂnﬁlh thd re@&t}éﬁ af Wbl ashb 'h@@blﬁh\téilﬁ]the catalyst

the conventional process of conducting this
actifiy@pd siersivion reaction, selectivity can suffer from

l e and/ 0

of STZ\)%E:@?@N\%E% r@naﬁﬁ%ﬂﬁﬁgﬁgﬁ%ﬁ%ss Iog\';erq%glr% o‘?ggggs't bt 50%, or
at leegrapp Nt e dr atReetstaboyt T3 apt ©ee slsoud BS % hkeapti@sselettivities are likewise

invention, a i ntroduction of excess water and
ovt e s e ot Rr <L PR RLaf b FOREAER Bt peagtir
confiBER0 GefdtsllySpéak B for thbSamboamndaealf thfinve@asd Widitein the hydrogenation
generated may actually be used to renove at |east a
Progseit fesiially uBRYC RaY e slyeria Furary eNaSVsplctPPr BRSSP tipR eonditions
may M&did d%toI er:’;tlm ttempgram?gs Jf@r%mé%guﬂ 1%0"6 @'a%&eﬁ,o%“gr ﬁ:@htn Qﬂ)&ﬁ%ﬁso Cto
acti vi {)y and selectivity are at |east nmintained, and
abowlre?QDTCainH}bpwn'pTgme&surlenoftfrmn #hedt bly@add dlont pMbe essven from about 1.5
weEG B Redea f’ 0% BRETER e BPURRR osflat RSk s e
invepti &SR Bde6s cﬁfw p&)vﬁiatp&ipy&he gingd| alecti@aeirolbesast sk 28, loR€ven 85, or up to
tenperature and pressure conditions sufficient to
aboytAsylt in the formation of a reaction product with a
m nﬂhmﬂbn%{@&ﬁfs s&l@éﬁt ﬁﬁty be éirﬁm%%tﬁthg I@E@Pl\ﬂl'ﬂhoroct) M@'Ige/\'flth or after the
generated by the process will vary 5epen di ng upon at
hydfogersis intieduged 4 thgmeactaseld th%@mbwn@ntﬁm@mﬂﬂe nenagunepus solvent
t
mgf §e§§lfl£a%tl¥ﬂe|ger b%&ﬁ@g rrelee’?l Jomb?mséggf}oﬁélﬁg( SSUE)TEIqu.tto %d% oduction of
hydimgen endéven motrehﬁreferably, the nonaqueous solvent comprising a reaction product is

combined with the glycerin feedstock prior to its introduction into the reactor. In such
embodiments, the nonaqueous solvent/reaction product may act as a diluent to the hydrogenation

reaction, absorbing excess heat, and assisting in minimization of temperature variation within the
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resulting reaction product is expected to conprise

| ess than, e.g., about 17% water, |ess than about 10%
wowrien11362 even | ess than about 6 wei ght perceneCTESM®N/035605

Reaction products having such a | ow water content
reao‘?cgroveI qg tﬁa‘t %' tghﬁé%r@mg@m&g?§ot@arylb€%§e fhgn QbJu‘?%’&E 'a‘HG

in any need for further processing to renove water.
prefs@blvaipﬂs retrisad byrentestharh@iiewé the opertating teoweetitre.of t he

ut i e5|ra%nr¥gﬁ'1atorg<il'\l/(c:lte {ega}/on&)rr tevr\}lll%g\{etanewggr%gj ofSEOé%%boghMOT to
abogeanercatredtshiyiliiakien kytté aganaddud olveaadd MiRing @itk 8Qdlyc@en feédstock

_otherwi se renove at |east a qution of any water fraom

will thyaraissdbg R Ga atthe slvessigisy é'E)'F'@/t'V s i3 FRSURTP P Ui iEhin the reactor
will B4 WlthiR@ni§ ﬁﬂ&v%%e%@ss;rvaﬁ de%@e@ @)(terlngﬁ'%a{rﬁmg]a%phéa th tﬂﬁe recycled

reaction products, nore desirably, 10%or |ess,
reachip predbdtythe ragecledargadtion prodeadainsern seinmbinationprthe eear@s's\ order to
maife gk BREkhe BRI B e PNy e B e o s

welh thase érobduirhentstalithé @aiventibhevhe@irethy sénagadduy sdlyenacuinprises a

sel ectivit The | ventlve h drogenation pProces
reaqipRpioged: ogﬁ/;?& Breed BHO@PQ?%?H oysrolyEntt Bakh ngaﬁjitasg\@&/ In these
emblinddntd ﬂ@%ultﬁh’@hﬂna@tﬁe&s Qlvedts nhdy DS LtiRRO Ydpara2d, oRMhnG¥&Hbination

about 85% Reaction selectivities are Iikew se
configyratienzed twszmrwewws tHeensanayi e abine ety tdredgpesafirst while another
o [ r [
s KBRS, B, 15 b B ERICY SRRl A AN GATRGh, W
cor’r'ianF.e atréaotionbred et nhd freectrmymbr@igemaayl bertombiped ®#h b seactant, and may or

sed to convert rin to. propylene .
may S RS i S s Bk e e hiahe 1 Bist By oo gt the reactor
and Qﬁ@&&hbr@ AddiesmeRaayicss diveht B @éomted dibRtiftth@hatkor, BR6 to, along
C, or from about 160C to about 220 Cand operati ng
withy presibsedaent 6@ thergradaeiismtof thewpastion PreB Ut e aPEPor  even
f r Qé‘mb%g%ﬁwts]vf IYIE\% {(9'] \ﬁlpé?'glr’l t|':f)’l=_‘ rl\épgqueggsrsokghtstom rlses areaction
conver si on, CT Her hese oper atl ng condi ti t he
procprceae nartltmzvre/mdvmag@pmes‘et ti&meqytloxvprldeucp,fremydnem rng}kIE(}hbjected to
pun? ectivities of a

5 b S T o b s ot aniRis el fisg R or

reIaWe‘I\hné)@@ns@Ie)éG&frhrﬁaréﬂtb@ﬂiosta Gonvahtagliyistdito paFifyadi t&fne ks ame
hydrogen is introduced to the reactor. In those

reacafso FPhEAMelewRARSE sMPPRIMARE Abitie B1YENtion WheFRin the Ryirpesatien process

is orfe%é%k ﬂwdrgéqu%tof g'yEerfn%o mrﬁ}lfp‘%@t%lny gﬁm&n@\%e% T’ngy B@&)mblned with
glycerin prior to the introduction of hydrogen, and

a poemcerpfrﬂmmomfdeerketvab Pyodutetend drraguigeusd wmuvbmwn/ reflnement

r SN Ct on [ cO
techn'cycsetrhat ar aeff cbrrco%P%Fe % |n<Ef%‘ect|\{1 :TEe u%:ipllu\a,}q fo. gﬁ/{:erlnﬁqone As such,

crude@Beériv mayl b’ia e@’fttﬁdi/e&l'ﬂa@ﬁh e duB staithi®cdI0Aif favdSthe use of refined glycerin
sol vent/reactl on product may act as a diluent to the

as aglafinggemieid-on reacti on, absorbi ng excess heat, and

as SAo@ttioﬂQly' the Bhﬂicmlc?rﬁtte'f@é}n@ft técﬁﬂH@Js%WTcﬁed’iﬂrth@HnQ&|ment of the
wthin thereactor, i.e., hat 't etenperature

invep e mynalsbdredess gqstlvgray cWen’@m@l tetraynugbiton the podfiqatiomefdgrude glycerin,
providing further cost savings. More particularly, whereas pure crude glycerin is not particularly
amenable to distillation, typically requiring the use of wiped film or thin film evaporators in order to
be purified, crude glycerin mixed with propylene glycol can be distilled to remove lightweight
contaminants therefrom. Distillation columns can be less costly both to purchase and to operate

than either wiped or thin film evaporators.
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preferably does not vary by nore than 50 C, of the
operating tenperature. Desirably, the recycled
wo e@etiien product will have a tenperature of fPORUSIHOU035605
140C to about 200 C, and its utilization as the
noﬂﬁgﬁ{&‘ayé arﬁp\!\lwﬁg\kr ﬁ{é%ﬂéd&'eg& szErbt uti hz%d gajo}ﬁ%%megcted amount of the
feedstock wi Il thus raise the tenperature of
nongdweesrﬂoherstuﬁa‘wbclpemmtyn the redetion priedudt etngrer rapdwced \hw tfhlpnocess and if
S0, raaey desw% be rFéMP\ﬁeg[ tAHE‘,ﬁnaﬂ,aeouE)solven{ e&altt%:g?lﬁggcea% € u |I|z§d for this
purpeachd ﬂjﬁatﬁlrt()dﬂ@hlch \tvh'leleﬁﬁﬂ)bmtlﬁﬁjbdﬂ&@@)blno& the nonaqueous solvent relative
product/ gl ycerin conmbination or the reactor in order

to thegepdicAPLAdHCt s T £ HO6S ?/fé’rQiB%Y glill] 9 &hg C@ﬁﬁ‘é?'&ﬁ”ﬁ'f‘%”i“@ Arigfrawell
versaY i QeeRati V\ﬁj@s HdQGaFabte oflsaeétm‘Q%ﬁd %Mnﬂﬁ@&r% a(ﬁ)rc;pngte based upon
i nvention erei n the nonaqueous sol vent conprises a
the prat ¢ayn sqiventivtdized I@W@oaal ofithesamel idesisd @F reqoinesgueous
:g,los\éegergl ca rT§/¥ts Qﬁ kHEr)TJUV khlag rgeslﬁlga\r%'gedcareh ugog% ?ﬁq%ﬁ {ocesses T ese include
catalyktslat e r’rﬁrﬁmall‘\atseﬂuyfpr fatilitatingatihy bakibg sfackibon-oxygen or carbon carbon
onfiguration, i non eoys sol vent
mon A TRA: HRGHSEToE 2950 o DG HP e B an SHoBieLPS rom Group
GrohpWIl SRS eHo SRRALRIHRGeriSdiCtabltS MK p PH&IPRS U Ité]dﬂé @ftalysts for
exanpl e, when the nonaqueous sol vent conprises a
hvdfO@ﬁ@tﬂP@ﬁfOp?swuwudetﬂwée FRERISINGM st lodgl bs REgMiB@, ¢bAlbicARREr nickel,
palWidrl) SRchEACHBAE m, ARLATRY v stE}W.nE‘Qﬁd é%%b%ﬁbr%%grgoft 0
one "Or  mor e purlflcatlon t échni ques pri or
i ntuaahle tatdystd dah diffehie thadaeboion teamjarnmre requumfmeets aswell as the
e Ry SO B RS Sl o
catalyB® ekiibitiQihCIple A Btr@turt NAtH £aBIhOA niﬂ:rr&did@\tdldrﬁcﬁﬁﬁ(ﬁﬁfelaﬂﬁiv&y large
Enbodi nents of the invention wherei n the nonaqueous _
surfaes|aRarme C%Wﬁﬁq @égn\e?nﬂw&ﬁtﬁvftﬁo Pavibeparteutarly apefilde pidpasypartially
h ti
ovo BN R N AIRP ol 1R by on b SARoI0: B Al GBI reactions
In tl‘@ee b@%reeﬁeﬁ\bcdlmets whithe pazysmtllre/dnmcm wheeein glactiaistdesitablydhydrogenated

but, are reI | nexpensi ve as_conpa ed to
PR ah 1 BRI SS PPN 87 Pl R OL AL QAR Y utlzed, and o
these @ 8sde BRrSmiulrDdat s &Epdvie doBd Em&ﬁtyﬁﬂhﬁkﬁlpmteﬁe @ifcdl M&uch processes.
i nvention wherein the hydrogenati on process is one for

t hePAPRIPgRRRIS GHIVST iRflufe 819°h cA62IRiBE FAPBPIGIS YT @Ffde component, such
as tmsysgbarea HGmQIOM&e@rmhpalwy cg’pﬁ)ep QHPMB%Q (d\ﬂ/inta)) Qopﬁgrtahm’]mprﬁ oxides

t he propyl ene glycol produced and then subjected
(CU/ﬁum)fqoemrlzmMNef wv@n’@ntZr@f),CMPctflmms:atbhal(Cta@)@nH e@l@er SIIIcon dioxide
(Cu/gfof e%tth %’apscl)trloncr’rqntgls inc LhdYn brgﬁtfjr;e%tr! gr?ése%rceonmuns cerlum angthe like, in

cer one sUch e udd Gireer

the &malooy@d ,oxmésﬁﬁayddertgmamswhr&h anthicappeebsded sVl tYH sﬂM EE mounts if
the use of refined glycerin as a startln? mat er i

doing §eliS(RFITEd 1 Provide "mqud. ARV RPN o StEARle PR mme&%o include

rea&ep|o rlch- nteliu@ e §TRRE RN ottt atn!a'%n& rr\fﬁ@;alnﬁens azexctai e
be |l ess costly t han conventional tech ni ques for

bengfigfal.f i cati on of crude gl ycerin,

One preferred class of copper-containing catalysts is that comprising the copper chromite
catalyst (CuO),(Cr,03),, generally commercially available. The nominal compositions of copper
expressed as CuO and chromium expressed as Cr,O; may vary from about 60-99 wt % of CuO and 1-

40 weight percent of Cr,03. Preferred compositions are those containing about 85-99 copper and
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providing further cost savings. Mre particularly,

whereas pure crude glycerin is not particularly
w@emnabi3s2 to distillation, typically requiri ngP€TES208%035605

of wiped filmor thin filmevaporators in order to be
abo@tl“!lr-iSf\Mggnt pg{cyﬁ%h&ln}f&rﬁr '\'ﬁ)icgi'l\f,(_ﬁ*\@ st:!c!a aFga%PWeg@&_tmsYs%Ay be greater

can be d;stllled to renove 't ght wei ght contam nants
thart dbep €0 oife, sBiatdrithdnzabp@reOcwl dinneves an thabobedksmEost | y

both to rchase. and to operate than either w ped or.

i PR aE R0 oo B8 S MG Bh RSPy R
embda GG e 8lbhs st viedpord tvbllimg estaly S OBy dlar ad et fd owsienttilifedd in the

t he nonaqueous solvent may be present in the reaction
presﬁPUHYFé‘f'VesﬁrP‘é?é?n %?rs@a%waw*teﬁ@e ﬁfrCBE%e§§'“5W<‘j“‘i‘ fatdgts, ﬁ‘é{ﬁ' >0-
55%¢ﬁ§4§9@\b’tlylo@?orrsgg§?¥rﬁgHy Mie%‘ﬁ%%ﬁ;%?ha%%& 8&dn fB@rmB%Lovide the

techni que can be utilized for this purpose, the
presef pragsisy Witlyshekripkanybrsiang ¢f afllepanbow R0t har elseri Yn tagbprdicAt, and

f .t he nonague | vent relativ he tion 0

selefiunleafa SIOPAHLERIR R G HE g B of By Mt BB 00% o ever
greatérahanCaboutedsg. e erretatalyistsameng\eebe ivdudratlodermagitgdtotal surface area

techni ques and capabl e of sel ecting and inplenmentin
of alfAEt APt S )ét%f abgéséab‘i}ﬁ&ﬁ M hHe" H%F?aaﬁﬂé%]éénr@%?rféﬁrf gredter. Many
sucHJJalta{l\!s%%ﬁje ¢Imrh SEBK N aiRble! 1M ohABRIMpRe S@SdsEk BQoRkmercially available from
requi red. Several catalysts are known that are
W.Rs@iacamider thetrapgmsd@nent’t on processes. These i ncl ude
cat t o ni fule . [ 1] '
e by kA sfRch vk It b Bioh B3 b Blfghat can be
utilizegqol careycbuit thetphese prioee 8 sdydragerciioagrokésos Bydrogeharitinrag paratus 100

incllg%gFE ct)%\g{ﬁgg hqﬁ ]IS,lrJbgtragﬁggifféqtc?g]d%c?%%o%e’é)agﬁﬁr gcowdénser 5, and

prodRt lek&ididg. | y, suitable catalysts for hydrogenation
processes include those conprising netals such as

chrlpHieufydresspand feegsessere Prayieqddp reaster P d@minirogeraterdtes 1 and
r , : .
reo PR et ook DT, wh R0 AR oA FAEPEL B Pcatalyst o
forn eactton @noduetypteat ateltiseharggifrane reerios 3 Bsvapel liquidseddnagor 4 through line
ectivity for particular hydrogenatign products, and. .

12. $hstah asbah S Bt St Sheskip BrEgHan gveoRul e fiedin B Giscussion
of FigXlai1birkiidventive peqeest iSHdt UE lirditd), avd 4n) hdd rBLdhatidHProtess @R ®e onducted

volunme, and a relatively large surface area as
by 3peatpif & t o conventional catal ysts, may be

parl—‘y‘d%hr‘rflrs !pyqvw%g?ﬂdl’n htyerogén i]egtﬁ%ck R&g Felaalo} yvi@“%rggemﬁec’ 10 ata

transfer limtations that may otherw se plague
presareatfiigers toapmgide disipued bgdrngeniimtherligeid Pharde repet withadgerol, or at a
e B Ao B TR0 R R BB SO LG o
exced3k OfKateairgll Yot Gthe hydrdgopydion rexotidrabinih BeoGat af fysh altoan 1 R&imes to

advanta?eously utilized, and of these copper chrom um
abo@é%éWV%_@3%W@VFﬂémﬁﬁﬁH“§EFéW?W@@F?OQﬁﬂﬁPﬁ-propylene

_9' y(ﬂ@erill\ 1 p?d«‘/md PoRGERSSM feeBXEHD) Bl YackH |3tvf3_bleaQta¢1@r-ir%l MSES rate of

i ncl ude those containing copper as an active
frone eppbhehweighihobrinsathisdasityiNeiodF tedbeytdrh WHpYhetra teinperature of from

I 0 o~Z] NC ' [ -al ugi
o3 AR 855 (N TS LT o
app&@afp eiowdiin Eigiire ANthe Glyte@n pasvit ed fppetkacartif@dtock Dehiodld desirably be
somewhat purified, i.e., will desirably not contain more than about 0.1% of any substance that

cannot be vaporized.
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(Cu/SiR). Oher transition nmetals, including barium
manganese, zirconium cerium and the like, in the
wo eooanof3s: hei r oxi des nmay be conbi ned wi t h sucPCT/US2009/035605
copper - based catal ysts in snmall amounts if doing so is
ex%ﬁ@t@tdii LR bRr: theg&orl JTREtQé/%‘# c:ﬁﬂﬂr%%%%g h\p)rrgé%ﬁgtﬁdn%?ocess and
Suitable catalysts may al so include reaction pronoter
advagegeet il becaeseghe hezgihplothe mmntwgb@lcessmdfﬁzmﬁ,v marfag¢dyean be an

adla%%atlc reac%orem%he ngetc%n(??or?sev{]l%lr} reac?or 3tVH var I(‘:ieefe%ﬁlj;mggn ﬁ}eqépe of

f-contai ni n
rea(ﬁd}prli)&i‘e ﬂl’dli‘f@rlﬂhdr QarClad @er/c&éfu(l@b@)ed((cfﬂ’r?lm'\eyqyd@gé}eitlah Echard formation
commerci ally avail able. The nom nal conpositions of

da@éﬁb@?”@%ﬁ?%?@@ﬂ“éﬁt@ﬁEWBﬂHmEWﬁﬁﬁﬁdWFER%T%@§@Btﬁﬁeaao”sa”
adlaggh%%ac@@)/an\ﬂaéiﬂerfrﬁ@m|@%Hﬁereﬁlgalﬁ/9:oWerté@fto @d@l@ﬁ%ly%ol u@ng a copper
wei ght percent of Preferred conpositions are

chrqmmgeatekmt the mmfgar%tbr@umtmegtgorc?dppép frapndiebeiuit 0°C-tg Bbout 250°C. The

| he sur f r :
pre:§e e BT W BRI Tun bR G R eviayc kNP PG et BRoauctin the
Ilqugrpeasteeiut ﬂid’tam high eat c&ﬂem‘ﬁh Gate aid/enselectiyity baffealand ts tH@ desirably from

has no%ébeen surprisingly discovered that the

athﬁFaPP¥éﬁi%ﬁaEﬁ Y% % and in certain enbodi ments,

al "RsttoMdmE |ﬁEI@Mn%n\&hmaﬁ®§taﬂ)%$lﬁed iABYy RkH& wherein contact

advant ageously be utilized in the present inventive
betwrepdeskeactpypss andiae catelyit érfpajlitatedio apsxtent sacibpigle caplvatisblato at

I % 5%
easERRBPURE Bapr v rBien el bR it Ofcton temperangre
increatsingltfmmdﬁloh hﬂe ptoes‘l’emtallp,ramzeassyaMstphoxgieydmepaiched or fIU|d|zed beds and
onversj ons about 50% or

in ”t%’é%/em%?‘?lél“%f %fctP‘? \9 ?Wt'8§ Wbsrewrrsifﬁrérfsmar §F88P %gbaé'F éea?ft(?F any
catalyBBra\3efdFabfB¥prddideB WEfiked bER! AbvanbiaBoBROtHE r 89%6dultion of recycled

even greater than about 95% Preferred catal ysts anong
reactine B@dV H dpvideomhse Wb glvergeld axpechtd e grelirateapehishy fenperatures
thatI rﬁa%%tthea\pgggccgjp i[ﬁ?{hg *flx&)rprg\glsd)r?@f%tdta@?@Withﬁl\% &y, OF Up

about V or even greater. Many such catal ysts

ar e\/aoorn‘rqeldcsemrétyr tamas ﬂoabrbaeate a’redeanulen eoodnqjlf@nufeacttbrelsleto liquid and

IS co nner(ﬁg a%a le from nder % liauid
"ap?rrpa?atéoﬁ‘éﬁ%é" ‘h‘é%//'(‘ ) ”C“PGH?]Prﬁ@S”h oW %reﬁftgolﬁ‘rpé° <t St”f‘?é'ﬂ‘e pRPriqul
sepdrhiobis Isidasiedlyeperatant idhditiahd Bat wifl dave Bp pesirad WGodrat we@Rand

be utilized to carry out the present inventive

Propyede 8l e Hte Bhs reacHeBRIedugtynop gechihet BRI mits Yt el iy theeytion product
I|qU|'dn@Lr\'{=gﬁ§/ sBé’aQTnQQ%'ﬂ Jh@%%%gu‘?@lﬂltl:hn vgr%@ﬁatﬁdqgepgﬁ?cgﬁtr%lﬁe%om about 0.1

reactor '3, separator 4, condenser 5, and product
MP tegbewi@irMBa orleyerusem ahgtdﬁ@géaﬂi’aandbcméds\ﬂlim kDegirably, vapor liquid
aetor 3.fr

s R ot Rl Rl AL 25 hl FEFE Rt cfon o e

hydiogértatie® Rtaat@dn dam adsREIn ﬁflﬁﬁ@ﬂh@@e&fatan Ca?thalhghst mmoefrcercmsary to add heat
reacti on products that are di scharged fromreactor 3
to of 'E?"\Pé‘f)B‘?at If'ioﬁ‘t}f‘?j"aé’éb'écl“éi’t%l"’arﬁtof Fﬂ%‘@'ﬁthe dﬁgrefzepaA‘Fttoﬁ@Uﬂﬁ?r to ensure

thattth@arﬁ&ﬁ\@p# @5 orQ@@%ﬁfdﬁ&t@rﬂstFﬁanﬂi%%Hé@ wit® tid Qﬁﬁéh@ﬂz@dstock Typically,
gl ycol wi | e used in the discussion
the temperature W|th|n vapor liquid separator 4 will be from about 120°C to about 200°C, or from

about 140°C to about 170°C.

The reaction product liquid may then be preferentially recycled to reactor 3 through stream
16 or optionally discharged from vapor liquid separator 4, via line 17 to product reservoir 6. In
preferred embodiments of the invention, substantially all the liquid from the vapor-liquid separator

4 is recycled to the reactor 3 through line 16, and the flow through line 17 is low, and may even be
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of Figure 1, the inventive process is not so limted,
and any hydrogenati on process can be conducted by
wappanasss 100. Hydrogen is provided from hydrBgBEnS2009/035605
feedstock 1 to reactor 3 via hydrogen line 10 at a
zeroD rVﬁﬁ?’t‘Hrs%orﬁ%tJIalUGh ﬁrgtpogﬁolep{ %Vb\ﬂr?e gqchr%p(!ovﬁgﬂg%cgfgg%laﬂont 95%, even
I qui d phase to react wth cerol, or at
if thpgbsﬁsdrcenvfersmmoaer the gattonby e, eE ﬁSWPathm 2@Pb tabo8 V6. In either case,
smc?ﬁl <ier 7 gsnr’ﬂlhcr ééj?solat LhYan ﬁro&ylene CPPBhﬁa Ilﬁglg?&omotﬁgs%%r %md separator 4
(streafUuBtand Of) cdrit@ins amosttall %e?glﬁcér%Bﬁotk&wvah@dUh tRSrebitBeS ahdiMay also
mol ar requirenent for the hydrogenation reaction.
CO"*@T'WPF?VHF e §'Vb9"d’\’/"lt6‘e?d“dfbﬁ/8'iﬂdF‘é%tc'i/'%rﬁtpaftl;‘f%'ag\t acesstipg product liquid
maflﬁé?%&ﬁpr%e Yo A dbB@HoqHighk b(ﬂ"@en:uo alidt & \K/@%I’ﬁ @ﬂ‘certtrd%'ﬁylene glycol,
about 0.04 wei ght hourly space velocity V¢%ﬁ0 to about
fron1a®umvigbﬂtpea:entaﬁméplatti‘ér\@lgbf péreanitgl¢snins by MadCssudips atetol,
a fr . :
prop gglggd §ﬁ}eﬁ, qagl I|n anp%ugﬁaogérgrr’ngtba%t 12 elaﬁ%g}ce%itgal:l)r\égj%itiN%{gREpercent and
no rgd)ryclﬁ!hlaBOlﬂl’SOMdIgﬂ“ederﬁérQMateeaCt ant feedst ock 2 shoul d

deS| rably be sonewhat purified, i Wi | rably

not eBGRRr 9 oot h‘gﬁhg[%‘t{m'ﬁ vaRgy B‘F”"éf‘ﬁPa@EﬂSstt rﬁ&%’ e to
con@@m@&@twlﬁee Y@Q%Ié@@dorﬁ?ﬁ&in@éns@d %&l&\%rwt the&€ li9dharged through line

suitable for carrying out a hydrogenation process, and
15 taawdmta@eé%rglb‘y Anpearaersientahles Hg%lv cqmtprisivg Moshevelfogen and potentially
el RSB iy PR T Rl el R GRRgl i P B AIEH R pgevcea v
line \I&Br)d ehéred iwmg h@d’rogd‘IBn hytpegenfling @@ Clthe reactiorugreducanabor is expected to

er., can euII varied to driye the .
coni i RENLTr U PR SFEeBT Mg U fpe reaction produc
vapsreailik@ncd e fbm abbutiomlecigitipedemmatbif 3tRght pur&nt h@Rogen, from
wherein the reactor is an adi abatic reactor, and

abogq ]Bﬁ(y@fighlt] pgreeryy & wubﬁ%wggl'glﬁ)@qcamquat%roﬁ% pbaiyd 6 weight percent to about
75 v&rgwpxér%’h% ij\fl% %gl%‘ 0% InfiIQRRERt:sS voq) M%P:ﬁjh&k ytﬁ:"\gs %g?ol and

enperatu e W thin reactor can rom about 14
progpolit 250 C. The pressure in the reactor wi | |

desirably be suffjgient. to ke cer t

oot TRAour Gatite 2 fherria beriTem Aadats all it megngysed tocarry
out b Pdlce € @RV AT tO fthd @k Rn BIREHNBbN. S PG \I0b Yin Sdifiticarto titdmipSnents of

thus desirably fromat |east about 1.5 MPa to _about 8

apppiy's 18 iclugdes an aggijional kangg lauithseR ABEAR B 2BY QR4 4] Jlag components that

aprrEQM bg@ﬁas |mcoWorf\piEH%§:)ar\Mlgr18b Elre(‘eQ&tc%gtto P@r‘f%ﬁﬁﬁ‘ stlgﬁntlally the same
reactants and the catalyst is facilitated to an extent

marger dridat subki@ntaly &lesstnejcgnditiing as disautssddedqigte inagryiest@in|with Figure 1,

and MFAct be dlncutsshe% Ay pgenaton reaction, as by |owering
PR e TS WHBL P EE P Wi ner easi ng the react i on

I at\&poigQid sa"yamataadz HQé;ral:ﬂ‘ylattﬁtataﬁleyﬁfpaﬂtisIlypieﬁa/rb’d&ﬁe dafﬂuent from reactor
packed or fluidized beds, and in those enbodi nent

3 in{oyf pRIVHRTT 87 B TRe MOREAQSH c@né'aﬁﬁwmgeéguraﬁubawaﬁ%ufm@ the

presrs@r@%tﬂrn’ re&Hf 3¢ EFF\@lld@t‘on'mydu@tr\f%E@rrs@eryteggy Wp‘a}/l'lddﬁpsebﬂator 8is
fi xed beds. Advantageously, e reintroduction of
dlsch@gWhMgh line 23 to cooler 9 and is expected to contain propylene glycol, water, hydrogen,

and byproducts. More particularly, the reaction product liquid may likely comprise at least about 40
weight percent propylene glycol, from about 1 weight percent to about 10 weight percent hydrogen,
from about 50 weight percent to about 60 weight percent water, and the remainder made up of

byproducts. The temperature within cooler 9 preferably is such that substantially all of the reaction

product vapor is condensed, e.g., at a temperature of less than about 100°C. The liquid condensed
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reaction product liquid, conmbined with glycerol is

expected to aneliorate any high tenperatures that may
w@eienwsse occur with the fixed provision of CBECHUYRDS035605

within a reactor. Vapor |iquid separator 4 acts to
in c&@@@r%:ﬁ'\sfen@d E@tﬂ@k*ognctpéQq}éﬁtG tfwroggﬂ I{n%&}gft Mlle%yarla&é?l freed of

d vapor portions, I ca via a reduction
condqms'phégslm @nbn rechided waeiciaw3 tmogglulmte 1§1Qf@bﬂ1ﬁat\ﬂab@w5posed of through
“neltz' qui d separator 4 is desirably operated at conditions
)at will drive the desired anount of water and

pr oppbei@idgkyeabr 8 BfI0idlylkeugeasiti wipoicadeparapovia amcl22, and the

that mnimze water in the reaction product |iquid,
reac@%ﬂBWOQF‘Ftyq@fBéeé‘Rfatﬁijj P MRRRT |l¢[|%éseﬁﬁr@§g éﬁ%trwfteHF%tc\/‘ﬁ‘B%rr"q“'d separator
4th!3r'eg\}“'l¢1e$§&fi“| i@%e g:)ﬂram?‘yl a@@ t(ﬁ f&%a@@l‘ﬂlﬂea@t oh M(ﬁjcﬁ ﬁ’orﬁb&'ﬁor 3into

MPa or even from about 0.05 MPa to about 1.

Ilqw@@mi vapior gortigrep\ie a rqdyetion Irsermﬁummtharmtjpnmoctquﬁmml §/s described in
congecyg \ﬁ‘?h gp \r/gtl]s{‘qoheact or 3 so that that the heat of

reacti on the "hydrogenation reaction can assist in

dr i Rraltg Fighe mwmdmlratmlmmmgh fdrpetf@ynirngethe Byesgeastjon process of

to add heat to or renoye at fr e ,vapor h i quid _
the REEHA SV Bt oP PrEREEicH 2t Bér g E%&Fé’i‘ 26imSRE S ?'g?’e”tt'B” wherein
crudREBMES it E@;‘raﬂl‘;ﬂ@tlIﬁé'ﬂ)é%rbtsté?flngerﬁﬁ@@:fl ab@dr PEQAERL dripuBitiéLMPerin

13 bal ances with the glycerin feedstock. Typically,
addifine tq bassepmPonen tsdicclesed andsiercribedinicennseliarvihdrisuesd ant 2, apparatus
300 ?%@8%@ é)#éga%%%t%ﬁlﬁ%o%ea%%ggﬁsg?%l ﬁg@%ﬁ??g!) that crude reactant
(in thib gatabee qf glyteingerintadnihgtypiealy dl4eckatty inreldiiboto ﬁiethlancvj agmwater) can

ve e Gotrliman o falery ety PR bl =P LR DER o wich yferwise woud
desifib®fcBMmbAS |esTRaionBNicHtfindnlae | Nnvention, substantially

all the liquid fromthe vapor-liquid separator 4 is
r ecy epelianef eprarrtentilor PBtiehefdlrypropylene sis! 'raﬁr@dvqﬁéece'ver 6is

W|thdeaQ\yx t"\mugrvm ﬂ7l ang m:I??ed hFth c%Weg@E{#mWwo%\ﬁ%o %a&an%&&tock 40.

I's configuration It I's possible to provide glycerin
The gbmrﬁr/$ro:méne)glqupmtxoalabwutalr@@@ate\ﬂen otHer tighes fgdny beth dthe crude
conversi on over the reac
SV EE SOBOE S THUBHEP CREIBoH Eo o oy TRRET SPother ah
comuiidhtd fREH botalsédrhsard AaRdrpie PYEreae, Wik e bottoiR pkdpgiéhéglycol/
fromthe vapor-liquid separator 4 (streans 16 and 17% |
geously,

glycgrimmiiisfischargessthroaeh lineys agr sy 19 frrgtof watsy et lightsi Adyar

the Fe@a‘filgtt.lg’ rovﬁboﬂﬂg goﬂpé(f tﬁé ﬁgRgmﬁc&?l@b)qpéﬁe?ﬁ So&’b)éctg Iremove the water
wat er, and byproducts re particularly, the reaction

and pJgPUdm@thelad guith dutrergosing e gwcerwn@rqxsa@ﬂfqi\o‘ngfatbmerawes
R ot LR T

eva;ﬁtﬁﬁtﬁﬁfﬁnd@hs}éﬁﬂ Mmerekay/aanmdamm as10c30 as ngaﬁ 2l qbtemeapmb the
and et hanedi ol in amunts of from about

absegee elarpter s OHisp i L&htfsTwewrawcepfgrp&w{enaﬁ'mc%@Wé‘gw&% to evaporate
the @pﬁ}fﬂatl@ g‘fﬁér@’hﬁh@@&éf'mﬁ v%r%f the ﬁg@gvbﬁﬁ?atef\gﬁiéh%nél'@@&fls

di scharged from vapor |iquid separator 4 through
substwﬁ'@“\afﬁeetqﬁ sylsnae abher ndvolhtde eandican ke fed diteckattor 3 trmplace some or all

of aﬁxp&qlfa’né &gcel; § %Pot\/ldggl b\P rre(a)gc%lr?ttfeet h%tck 3 SSaﬂé g’nc(nj']oqgg%gn\; artﬁ)elégﬂ well as

some portion of glycerin, may be discharged through line 31 and disposed of.
The reaction product composition present in product reservoir 6, in the case of either
apparatus 100, 200 or 300, will desirably comprise propylene glycol (from about 70 weight percent

to about 80 weight percent) and water (from about 18% to about 23%), and may also comprise trace
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15 to product reservoir 6. Any noncondensables, likely
conprising nostly hydrogen and potentially including
worzewonidapunt s of water vapor, are di scharged par/osmn9/ 035605
line 14 for disposal, or recycled via line 18 and
amo%ﬂg%lf Uﬂga&\éoté]ycg%‘fji QQQQné&othQhQQ@&h'ak Qﬁ\athandTQGpanol and acetol,
reaction product vapor is expected to contain
and prhermﬂapﬂlqn bartodwcts grimipyhesirge sglAy ewstiomprpdhgt drayiglesh by Merpeocess of the
pres%nt |nve%%lon I],Srs%tr%b E%ru |ref)cugtla gsnanp%\?%lflogjtrugt\e/lrﬁ %%%apg%catlgnsgkgwever and if
desivei] @htredﬁ&dir(:[ﬁﬁﬂudﬂyﬂv bgeimovéd mm@b@hﬁ 19l dVidrit iR bropess€dktdtmake
to about 25 wei ght percent water, from about 60 wei ght
addifignal gpd Preduihout 75 wei ght percent propyl ene gl yco
,and smal|l amounts of volatile byproducts such as
acetol and propanol. Turning now to Figure 2, there is
Conjppiative bxatpl¢ lan appar at us 200 that may al so be used to
car. r n :
I r]V'Ireh?‘]/str(anc%lo|'ﬁa\%‘p qoo%?%o |II@5§%8e tgm &j ttépg\ c%fI onrpc%rgﬁl%Hét, e.g., 5 weight percent
wateofptha esriverswh ratp pant aileu:ﬁwﬂs,(lﬁ),a convehtitoh@khyarogattdlioh reaniddn wherein
uid separator 8 and cooler 9. The conponents

l i

glycer I‘{gf d%fﬂﬁtg}‘ sye™ pﬁ?fg'ef‘ﬁg&‘iﬁ’llnmn wi th apparatus 100

ar e00%RestPel QtdMet BREABU 1235, URST4aRsh dab Wadd¥8nBAABI jacketed reactor

manner and at substantially the sane conditions, as
(2.58Fre @d & S2 a8V e he Ratelptimee pityatediy PUrBing thegreactorayith nifragen, and

| i I Vapgr

whill ghgp‘gt%aﬁﬁggﬁcéﬁ yahtgbtpgr%‘gtg!e gl?a%log%\fgto %a&ttlﬂ |L lt(iq};j:le%ture, hydrogen
(abcmeb%wm @ad Meefdﬂhaemtogérrmmgerzmacheowreaﬁon tanper@tuvapied to about 185°C.

eam a stream. out changi ng the

i b B8 & e B Sy FEBlin e A BURE NIy nereased t sbout
109 v@@Cthereafler thé1RattBREHIpOR ik AEUGbInteARA at SRNELEL BU AN another 24

vapor liquid separator 8 is discharged through [ine 23
hougsgandgBenegeolgd 4mEP0's expect ed to contai n propyl ene

gly, , o

B 18]S M 950,00 SRR Srod iy g
gradepPH36) |\Asxe|natatdd€a$|1e rafipertat 4 Oatevedt phint el @@ tninp nfow, érvencert with a

100%13}’%%%@ rrvggtbqgr%%efq}amuéggis{ceer R rttBr%? hg@?gé%feaf%r tegnperature
wasafedtto 6&)mggbthe9ﬁés@@ebdm&w{o abatich. 154 P4, @RBtHR QL id FeRd @ate

up of béqroducts The tenperature wthin cooler 9
'OW?TF%fOearré sgt paintfjgpput AatmI&Bst antial 'y al |l of the

r e‘r%‘ffelr 213 Wuppd‘f%f)er\éﬁcﬂp?anélyéls%f)ﬂ\g?&% ﬁ?g'lt pﬁ)dgct’strggm @howed an average

tenperature of less than about 100 C. The Tiquid
glycetmapevesech of @cine lavegageanlarranlscftm’cv Eobrom/lqnhelvprloﬂmt 89% over a
100{5@%3%}4@ rb|A§tet IIH(S)S\U rSs "f:néjﬁr tggfé o \M«]:\tlp%%o ?X%Esgg'\ct Uld eed cor’nposmon
waslabjuere@to Be avoutld, 5904lycakdl, Gﬂﬂ%tpréfpﬁ/le)ﬂe dly&dd arsesds wﬁtet harrabyghof the

| ine 24. Vapor liquid separator 8 is flu idly coupled
res‘%?Tti?r?f%ﬁﬁbsr”ela‘i“db‘i’"&edsaé‘pi’éi?ré@%%'ycﬁr"?/?%“’?"s'ﬁ% obgy% %{Hd”taheéage molar
seIeEt@/ﬂ?Ed ﬂBp\n’é‘n@%lyU&tof bé%b‘\}ed a 3@ F)é\h%%ﬁéh 'T‘ﬂe V@rﬁﬂéte résAIl @r this exa mple

separator 8 is transferred to vapor liqu id separator
are showher Eable. 1, Felewvapor |iqu id separator 4 acts to

separate the reaction product fromreactor 3 into
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liqu id and vapor portions,

via a reduction in

pressure on the reaction product stream as described

WO poogom3srti on with apparatus 100. Finally,
shows an apparatus 300 usef ul

Fi PXCT/D82089/035605
for performng the

hydrogenation process of thergpjepent invention, and

particu | afobyeycbRi/aB8PEGEdH N0 That 93’9@9' %l/@? 5?6!3’%/5°0H20
feednventlon mhereln crude g ycerln i's eS|r y utilize

as—a st f t 4 er—than
Houliur i f | e?55| \ g%drl fb 82\ aqslionAf"o t*ﬁ‘Z fonlpé(?r%entggg a5 | Av.
Tenfpl (TG ose@gandgﬁesrgm begl7 I lmogonnect|i Mlgeh Fogur @s7 1| 198
Pres3ild(kPa) [ad321 2SS 28| 69@PII.§€$ Crudess €agkanieo | 2.79 | 2.73
H, flof€dST aCke 403514 TNE72T 3gnd disstT TTag ;oM s¢oNUTg 4334 S0315
(“xhyat crlude leactantlllndtgLe |pstanee otdglycerln,
qudﬁr‘a "Ué%ﬁ b%g'“déf"bsé'”dgf”“ Fo déh “B%h"d%h 10.63 |0.63

andl and tler) c¢can be Used to )plemen or

(g/ ! nl ace 1 ct antl pbrovided h\/ reactla nnf feedsitock 2
Glveafl ch dtdoer WY& [WHth d 7?1°/esu7re{°o| §9%o0 nﬁM 387 els¥/% n&fe | 67% | 67%
CONYEISiOA cant a I nant s n ratilon pparatius 300, a
PG sgleetiMitsr &fe 1 B% pr By | @ﬁé #VcoB%n %%%d@%% r&&eil V¥ B687% | 89%

is mﬁthd rawn through line 27 and m xed with crude
nt fee st.ock ,40.

er|n

eg gffﬂ“

7 s s e e

The
|t&)ﬁ1%5§/a‘gfﬂ§6reé%hqdén declr]egase in glycerln

conVedi®H to dRshyRh& gl cdl, la@BRdush k& eutivilolehalnbB@ csiistadle gl ycerin
is fractionated in distillation

and propyl ene glycol,

colum 41. The water and other |ight conponents from

ExthkB streans are w thdrawn over head, whi
0

| e the

ons propyl ene glycol/ glycerin mx is discharged

t hrT(b1i$ghamﬂ>|ﬂef32®néMed © i|UJISSVatam|1¢‘ freduestiGiy, gimee‘n Ct’&wdrSion and PG

WRLH AER0

Se|eCtIV%Ht‘i(§']I%VG We b5 )

y ro%e¥1ht|

the r el

?ESi (?I. é@%’lnv

|on wa
es I

conmﬁmnemﬁmesWhedMﬂhehsandmhmgh&sseweﬂhead wi t hout
exposi ng the qucerln t o excessive

t erdy

rCAP GPRRST ©

|umc6a)/|sbllfgm§qw6qthqy 68(35;3
oil Jéik@t@@?era&%g TF\@EaQM\gsrt‘wlai ﬁ%v:&gd hS186980 t%ltjhl?:% I'Tyhﬁr%gh in nitrogen. The
where a vacuum as

evapor at or/ condenser 1
reactqy V@@OIWP@d eh3e2 B¢ enOh?e%ﬁ -3.84UMPe with héeedlob B9 glyesfin in PG at arate

tyg{%sll%g E?( ca%éﬁgsg?@ tseQ{

onduct
POSSI

| ow as

ersa

Iategéeé glycerin

g@yqs fpaged into a fixed bed

conmshtat andl\AﬂthQSIS%d’GrslehctlvTch eTf(E\fee‘d\mdw\t&M fto 01% P(B],@Gf/lga/séhn and 62%

h
of O\y?tmq_éwl r gua:H\g
t wh
dioxpReangihe fRmere

dhuilrs

densed i s subatantlal

raPrY 8BS/ Bhd"e

YL reaase

free

of

FHEVOPERET

@FI catalyst-

hr) a? atgﬁ?/cérﬁﬂloﬁ\%@s@'pcﬁ%S%%n@Mth bc AYctmy bfdogd 8L VGBI dF this experiment
provi ded by reactant feedstock 2. Salts and ot her

are siomoasized in Teldls 2, hedowaend shay taaifee yweof digxpne s Beyeradqupous solventin

the P%ye nl? ﬁrogeé ?&glrcgﬁg SJI:Q{agHQ tILé Q%e&&cgmdcoqve‘?ﬁ@r?‘ Sgt W T:h SUEH% tial

on product composi

ion pr

In pro uct

increadsein bothrpré@juciivity ahé PG sdextiofy. ei t her apparatus 100, 200
(from
about 70 wei ght percent to about 80 wei ght percent)

or 300, wll

and wat er

desirably conprise propyl ene glyco

(from about 18% to about 23%,

conprise traceanmounts of unreacted

gl ycer ol
pr opanol ,

, 2- et hanedi ol ,
and acetol ,

14

al cohol s such as et hano

and may al so
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and ot her reaction byproducts or internedi ates. A
reacti on product provided by the process of the

w@e@eant3si nvention is suitable for direct use BSI/HI200910B5605
product in many applications, however, and if desired,
the reaction product may begapgwved through |ine 19

and furt her ;g acasSIRghod & fBKE 20sliol 1Rl 199PEPEREMELe feed

npar gt ) f QLA on O
o et He 2 add £1 A o7 2o o Brpuat | g, | Z8° | 299

TempdiGht |92 J6rit02:\8qt292.9 |0A9219h€202.9Nn\284 Ji |0P418at @5and204-9 205

Pressa@k (k)i [VA.83y |af.88 |co8tvgrtdoonal.olthydrg&igenngd on3.okacl.8®mn| 2.89

H, fieler ei n Blgy dexsim |iss. ddsg3ralisg.scdmaar tlesk. 1 o] sy.®@pytEene| 53.7
(scc@) ycol .| 400 [g of |a cogper qatalyst, BASF Qu-1234,

Liquidhob# ”Qﬁﬁo‘"@ﬁzdﬂ&ﬂ@% Td%68 [R50l |T0.918CKEEAT[ § 6B&FT®E33 | 0.530
(g/n(ir?)- 54 gm cmldgng). [The gatal yst was act| vat ed

Prod{%t[i&ft\*/'n 'd'(ﬁiea'ﬂsog'l H%S%:r d’.\bst%'crd.tisg' ;@?éhp(gir'faét u‘fg'%de“f 1],9148

trng |t
e hvdrloaaen QI"\!'\II :OAII \1\ ¥

GivcSiicd |0 hd 74 r|oBn |dlod Ak (R 1 R of 70K | T5% " Tk

conye(gmr ture lraisdd to laboutl 185C Aftler 20l hourls at

PG SEGS‘EYWVt He%hydfO%garf8¢ont®ift |i99%t nel3piet i Wden| P giel00% | 99%

st rream WASseiMsestEeRSRIGWETS tAHBTAVngthefesd tansitignethe Ak asaiemerigat 215.2,
218.p @26 P are EaRpRET ARG & SYRREY StrigicAtddioned at about 185- 190
Cfor another 24 hours, and then cooled to 150 C. A

Exas l @lsli d feed conposition of 60% gl ycerin(USP G ade) and
ropyl ene glycol (crude grade, 95% was initiated

t o] 'Iﬂwhexa‘repieﬁvef coatiu@ed tatilbissat tmlﬁbrlmcfonieréiom’arﬁd‘lﬁmseIelamflty achieved
concert with a 100% hydro
whep ORI aT PpEE el ARSI B oK 8 e STt ipyaiou

nonb@RBES BIvHKe Was rai sed to about 195C the pressure
adj usted to about 2.75 MPa, and the liquid feed rate
| oviieobisop ¢agthegPricaely 3 g RRer Ghrogtisy £ataysh Wit AqHivated If passing a 5%

hydr;cégnc{n?r%gél gQafs stPEY ﬂtlbe&/mmeyﬁlle eIQefts :}tq§5 E?&rl‘élb&?cri% 7 hours, and

uct “stteam showed an average glycerin conversion
theroffor EB%raat(jZOQKﬁen agerizoolabglass albeciﬂna/qobyzd ts@alpn‘ gip)eyltldq'ee:ontamlng the
g(l %c of ab Ut % over ﬁl % Deri od % 1|OO
AU, traaﬁar& P heBY ?)’ie"’r“gtt g V&H’cﬁ”ts rr?g '”t?ﬁémﬁg& Py
f eﬂ%e@&ﬂ%@ﬁhltzb@ﬂaé"ﬁﬁar@dhﬁb%ﬂ. stdnl&e s@BIPEE hish. fpddsure reactor
gl ycerol, 57.5% propyl ene ycol and 5% wat er.
equiRpgq yigh an ?j'fd'%H‘?é“qné%‘d%t"’éhfft)ﬁf%tﬁ‘ﬂf@t stiger, @ iR SABliRetulm a catalyst

basl@ygr{daﬂﬁntgl%f:t%[érln%csmé/elrhg 'ngﬁlaqgrem@Zo/R/é'm%a?ﬂux@MWtﬁg@cerm ata
nolar selectivity to propyl ene glycol of 89% over a 70

solvt1m1@wprm weight ratireof@6/3dlaet epnredmbtely 12O mL phihés reixtargriddedaroghe
reac?eed %r.?g%tg}oagﬁ\sg%aédlbdoyvﬁgggv%%%é%g%}g %g%)sgbrydperelrngltlaﬁnqgéopﬁ ere. The sealed
reactor was removed to the laboratory and flushed (pressure/vent) four times with 50 psig nitrogen,
then once with 400 psig hydrogen. The stirrer was started, the reactor was pressurized with
hydrogen to 400 psig at room temperature and heated to 200°C. The pressure was maintained at
400-500 psig for the 10 hours run time.

Analysis of the resulting reaction product was conducted with a gas chromatograph (HP
6890) equipped with a flame ionization detector. Conversion was calculated as follows: Conversion
= 1-(moles glycerin charged/moles glycerin remaining). Selectivity was calculated as follows: (final
moles PG — initial moles PG)/(initial moles glycerin—final moles glycerol). The results for each of the

nonaqueous solvents tested are shown below in Table 3.
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p§fCSPtrﬁ I-é@golvent, and
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compaep e prgrylenseslveal. Ehis axapiple also shows that ethers provided better conversion and

selectivities than the corresponding glycols, i.e., triethylene glycol methyl ether provided better

conversion and selectivity than triethylene glycol.

Example 4

This example was conducted to illustrate the glycerin conversion and PG selectivity achieved

when the hydrogenation process of the invention was conducted with a catalyst having little or no

micropore volume and a surface area of greater than or equal to about 10 m?/g.

A fixed bed reactor (1/2” diameter stainless steel tubular reactor) was loaded with 15 g of

Raney® copper (W.R. Grace) 8-12 mesh, and having a total surface area of about 12 m?/g. The area

above and below the catalyst bed was filled with sand and the reactor was heated to 185°C under a

nitrogen flow to thoroughly dry the catalyst.
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basket and an internal thernocouple. The nonaqueous
sol vent was m xed with glycerin at a solvent/glycerin
wowdoght13sati o of 70/ 30 and approxi mately 120 neCD1S1009/635605
m xture added t o the reactor. The reactor was | oaded
Wi tﬁe?‘écﬁ)r Q/fas @G%V‘ﬁ%f%%erﬁﬁkﬁ#o)éé# at%@ggcrcmlfgfeﬁthours at whlch time the
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feed \abowatfmdyo 400 ivderhe dt o fismerstanf @P vemt %ndﬁhnma@omgssmizeh to about
400.?|§]| %)gtjrt?g#rl\&gagllgfﬁ n?eur}s %rlllgﬁd ¥\<4ed coT%rlswP%Ogﬁryé%rén |9Pr0é)&lene glycol
and\at 4 oy, 3gaNiminay A QOtigdsd. QAfet 76 baim tua mpertbé tehedtdte was raised to
heated to 200 C. The_ pressure was nmi ntai ned at _
190‘2?@@d gﬁ@r ]ﬂgih@l‘rﬁ &Jsefi ﬁ%z A r@xﬁegn th,YertsioH@nd ﬁ@]%ﬁl‘vg}“g/ f8’f this flow rate
are &Qﬁmﬁr@ﬁé{lrg hWNg sﬁm%ly&meBMWn |¥\@§m%9&ﬁiq§%@<§jaw& f‘7°/§71 with a PG
gas chromat ograph (HP 6890) equipped with a flane
seleftiyity ghabiogO5det t%t or Conver sion was cal cul ated as
f o'/-{tq\f@hou?om ed_r v&ampeq%§ ogtlo)()czgrr’rh Zm%h%(oqg\gérng) Ea‘?n to 0.10
glycerin réma 5" 8e1'eetivi T y was ¢ "t
mL/fnir dtQﬂEhOL(rf maBl mnlresheHGflovw \malstretﬂjlced]ﬁOIZBSccﬁG)dl\(clenm tdn@érsion and
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50% tB a3k b66% %ﬁltEAB&Ees%ondlmG’seﬂe%tnﬁty%f asduk y@t edycat al yst
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t

L g,
t heAtddhheyrsi tha ligtidired e c o730% By FHp & ERmeRpERE giYrgk The data
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for §1Q%ﬁ%%%db§guﬂn&§g%§ﬁ ofStRls\é A $ar¥\'gFoE(lasg|1]sgﬁ |I; |nr 0%(9%1 5-7. As shown in
FlguequI,I\MIHi @npylevel giedl, asabe sqivedy trebeglycadn eawerduon ammse;i ©mebout 60%. As

shoggd euléee }\Igl\éel tlﬁs\i@vetn(ﬁ)%aré\?ﬂcg% frgp glﬂ?%olgfa%/evyas an |n|t|§1 increase in

glyc@mo&g.aptoadwum%emwéobt ihe §lyt dimitoh V2esidhafet IR Rt to about 65%.
A g ycols, i.e., triethylene glycol nethyl ether
SS 9

Wyindigdredle theay cerdripeyestigw asiaer sasp @t bgH8P% With no significant change

I
A L SN O BTN TR R g o e
lncr%b ern:giywmycoamdwevaﬂ alydue 195 % heashactiicogebvataising the geasisn aémperature

n s conducted with a catalyst havin o
rreherde @Y A B0 B sbne et Pl Guipt $Rs dFd Mg 03w, ety
and @ 818d @owh ang e 78QiRhing the aaub 309 gdrB-in Rafel Xtexbolm@sulted in lower

reactor (1/2" dianmeter stainless steel tubular o _
glycprimeanyeyiofiis> %0 28& 1P WRT PIePTIsNesliP! REGSEYYH§4%Dopiise reTimliRstrating the

al surface area of

negﬁlgﬁﬁaaf%f%tg%%%%@gg%gl%gé%%g@%&@} bel ow t he cat al yst

bed was filled with sand and the reactor was heated to

185C under a nitrogen flow to thoroughly dry the

catal yst. The reactor was fed 5% hydrogen in nitrogen

at 255 seemfor 12 hours, at which tine the feed was

swtched to 100% hydrogen at a flow rate of 79 seem

and the reactor pressurized to about
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400 psi, or about 2.75 MPa. At 47 hours, a liquid feed
conprising 30%glycerin in propylene glycol and at a
WO b@w1of35D. 35 M/ mn was initiated. After 76 hPCF/ES20091035605
tinme the tenperature was raised to 190 Cand after 100
Wwe A944.s raised to 200 C. dycerin conversion and PG
selectivity for this flowrate are shown in Figure 4.
1 Aqsimsriwmmhvdgigy@aéiohmrccgﬁvemsﬂim is fromabout 18%to
abgm 270?71b nin argac%%‘ §v Lecgnav t<¥us Ivean*%?uftor 9gon/oon 1%) s
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G yRkr i rfORBRRNSITRS BANIAHGUBTSIERY ERRF TRt PRTUFith Pisiqgen in the presence
of aCRAGitltd RIS alrSacBibOYIAL, dnygure 4. As shown, glycerin
conversion is from about 50%to about 60%with a
Cor(ii)es poREPYies @Gasiea rectionaftagy whtealyesant HEhS reagion Arodpwith a
[ %
watta” rgwg\ba)llﬁré)geess g]rlq\i'l/ecr:\g gs??nep“ “d?fsalz{y%n(fgg%??ﬂegcft%gs t(ﬂ ég (o} ega%rlon reaction.
of operati on of th| S exerrpl ary process is shown in

2. T 138@6?558 clel rlrllel yBTSFQIEV\gl rteﬁcéara {J,é’ivgﬁr"hafg&h%@,ggt%aﬁroﬁct preferentially
compR&k BApOEnd gyabout 60% As shown in Figure 6, when the

sol vent was switched from PG to DPG there was an

initial increase in glycerin conversion to about 80%

s I i \ [ t o

3. nggﬁ);é%égt%?ﬁﬂg, Mﬁ%\%\HQTeﬁP@\A Lﬁeﬁgg%’l\fgﬁﬁéong)?seégar ?K/erttv\m hygroxyl wt %
of legOthvie Alsiud A5 gvalsa Hydoixgasdgiht tquivalzo ol gB&%6r thdntdbowmics 0.

significant change in selectivity (96% by raising the

reaction tenperature to 210C. As al so shown in Figure
4. TRe pdcésdbf Ofin 3, WEErEATR: hdha@lhebGE{diven ERMPBES It rebiod PAidluct.

95% was achi eved by raising the reaction tenperature

further to 220 C At 220C there was a decline in
5. TRE BR%J&S@B cl:gh)éc\gherﬁﬁltﬁpélyc\gﬁ%cFu(ae @99&' | 93% Finally,

and as a hown i n ure 7, swtching the feed to

30% gl ycerin in water at 220C resulted in | ower

l i d .| I I I
T PN S B g L T g S

(a) ORBRINg\6ElyicbIe édsedck Wath emomu@m@yﬂ/@m% ©royi8®h nonaqueous
productivity. W claim 1. nproved hydrogenati on

SO'VW&\&@” RFHR havingdess thay aE%lWﬁ'&‘i‘@p%fc?“éé’@feé'rﬂ“dw th a

(b) &9&%9@§0r§;\8u%‘39golJeﬁt/Eleerr‘%%lﬂ@t@%fﬁ%u%gen in the presence of a catalyst
sol vent/reactant m xture; (b) contacting the

to prederanfisdplssmaehepy fengé glgent teartionrpirodtuat @maritihg lessdhaygaoui 1% water.
the presence of a catalyst to forma reaction product;
and (c) renoving at least a portion of any water
7. TRE PERELS of cﬂalh@wh&aﬁtﬂh@ﬂomﬂ@ﬂ@ﬁkoI\Aéatchorapr‘ﬁaﬁceEorﬁ@l’f@éllais than about
process driven at least in part by the heat of
GW?'%&’F“@J‘?P’%?FGW he hydrogenation reaction.

8. The process of claim 6, wherein the nonaqueous solvent comprises a solvent with a hydroxyl wt %

of less than about 45 and a hydroxyl weight equivalent of greater than about 30.

9. The process of claim 6, nonaqueous solvent comprises a reaction product, and prior to the

contacting step, the reaction product/glycerin mixture is subjected to a distillation step.
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2. The process of claim1, wherein the reactant is
gl ycerin and the reaction product preferentially
weowpnises propyl ene glycol. 3. The process of PCI/ab2o09035605
wher ei n t he nonaqueous sol vent conprises a sol vent
10. \’Nu; ﬂo@espgma%w ngrelor(ocl%fperﬁj%tsofttn@(ﬂstﬁIQQw sté‘]:ﬁs ?tﬂ)‘fjec&d to a flash
hydr oxyl wei ght equivalent of greater than about .
evappratgheorpeoirsstepairioctogherr@tachihestend.n t he nonaqueous
sol vent conprises the reaction product. 5. The process
of claim2, wherein the glycerin is crude glycerol 6.
An inproved glycerin hydrogenati on process conpri sing:
(a) conmbining a glycerin feedstock with a nonaqueous
sol vent to provide a nonaqueous sol vent/glycerin
m xture having | ess than about 5 wei ght percent water;
and (b) contacting the nonagueous sol vent/glycerin
m xture with hydrogen in the presence of a catalyst to
preferentially forma propyl ene glycol reaction
product conprising |less than about 17% water. 7. The
process of claim®6, wherein the propyl ene glyco
reacti on product conprises |ess than about 6 wei ght
percent water. 8. The process of claim®6, wherein the
nonaqueous sol vent conprises a solvent with a hydroxyl
w % of | ess than about 45 and a hydroxyl wei ght
equi val ent of greater than about 30. 9. The process of
cl aim 6, nonaqueous sol vent conprises a reaction
product, and prior t o the contacting step, the
reacti on product/glycerin mxture is subjected to a
distillation step.10. The process of claim9, wherein
the product of the distillation step is subjected to a
fl ash evaporator/condensing step prior to the
contacting step.
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