WO 2010/ 074841PCT/ US2009/ 064688 METHODS FOR CONVERTI NG GLYCERCL TO PROPANCL
BACKGROUND OF THE | NVENTI ON [ 0001] Thi s invention concerns nethods for

manuf act uworegiopr7egayl ene gl ycol through the hydrogenol ysiPSTafS2@op6ce80! .
5DESCRI PTI ON OF THE ART [0002] The production of biodiesel utilizes
vegetable oils, fats and waste restaurant greases while reducing the U. S.
dependence on foreign crude oil. Biodiesel is a renewable, alternative fuel
that reduces particulate matter and hydrocarbon em ssions. However, for

by pr odust 9. 107 or Mia T 056 AN SEREMG i T TR AR BANAE T oy "t s
crude glycerol into refined glycerol is that-the glycerol market cannot

absorb it. Wth plentiful glycerol available, its §$|ce and U. S. exports
have declined. As a result, B#Q&QKQUNHéM%THEéNﬁﬁyg by- pr oduct of

bi odi esel production is currently di sposed of or is sold at a very m ni nal

price. 15[ Qm%Th"ﬁnﬂﬁ%h@“d’ﬁ@é&n§@@ﬂlb&%r S MREIEB pRYGRHS Blytdl@nrbhigh: the
production of biodiesel is expected to continue to grow wth a target of

400 m || i ohYgaEsehsisof elyeddlucti on by the year 2012. At this production
capacity, 3.5 mllion gallons of crude glycerol will be produced every

year. This crude glycerol can bgspripifipgcopyasemer al steps includi ng vacuum
distillation to produce USP grade gl ycerol. However, refining the crude

gl ycer ol and 20ex Y 000 oblen1mnth crude gl ycerol
froma bi J?@?gp g'ﬁ“ﬁrl?f‘)dfl%t“’t“ 251051?55 Bilines & e&ﬂBEﬂl fefp grypsigrepta féfg[hl eve a
techni cal graes \pﬁlek@ﬁ’cﬁg&féw gl deg&idehce o-llf)f&'e@mc}u&ie ol Mediesels apeRddeIer s W | |
aci dul ate the crude gugcerol to renove fatty acids in order to facilitate

met hanol r @{eQaPYy fugh dhat esdyces Bartipdls prabieiand §t/<€p%artrea§fm%§en§ dlesvelofEonvert

the crude glyGenabgrhmt 6f RodtB prBdtickd, Y IRRHaMCEbudS YHRedPb5iBaet: kcer ol .
These addltlonal process steps - whi'ch i ncrease the cost of producing USP

egcer@P forapdi ncl ude i on exchange and/or fractionation. There would be

signific ant[O(ﬁ'@Fr atA ﬁgb@ﬁdthzﬁ %hlttsaijrorﬁ; Qecfﬁlﬂgrlﬁ@ '31tu'd¥ cél I)l lmoqgﬁrf%%% [ iis ved

gl ycerol could be sold at a profit as | ower grade product eedst ock
such as acitehtihgtebgergl yl@écpmanmcmabﬁerb it. Hﬁﬁh plenfifirk §lyagrob avdilable atsi pgige andADS.

2010/ 07484% ﬂ(sﬂ%o&%r%dfgg% resARARIH ¥ BRI Dl de eRbeB@MEJt‘ofﬁkohl@ste prOpy' ene

gl ycol known net hods such as hydrogenol ysi s ropyl ene glycol is a
maj or corrmpchdwnmﬂhemrtratly vknspdse(hofgxrm/ﬂomgatmmtyemanpmet h an annual

pr OdUCtlg On gverThls pr&hé E?S’n‘é to wcrrg e<":Jause the I[P§ dsctl c;[f¥> qd?ef%‘ilzl uses of
propylene ren unsatura ed f esinig, P Tunct ona Ui ds

(antifreezexmmedmmum@nmﬂa@ﬂmMQapatwgmsfQm»mﬂmm@wnmsempxﬁahenb&d&@em

AR L MO ER RS e S el
pl ant s ar e evety e driof crogt Hadso] tan tegakifizéby peeabsed mdnm@ma_tmmfrshlﬂasxoﬁ:r ude
domver ted. FOPBTEyISE B EE Bl Sty SUbRGIPareR HeR iiemPERRRD gy coul ¢
be usegh i Nexpensive.

[0005] A problem with crude glycerol from a biodiesel plant is that it requires costly

upgrading to achieve a technical grade or USP grade glycerol. Typically, biodiesel producers

will acidulate the crude glycerol to remove fatty acids in order to facilitate methanol recovery

and recycle. Additional steps must be taken to convert the crude glycerol into a high purity

25 glycerol such as USP glycerol. These additional process steps — which increase the cost of
producing USP glycerol - may include ion exchange and/or fractionation. There would be
significant operating and capital cost incentives if biodiesel derived glycerol could be sold at a

profit as a lower grade product or feedstock such as acidulated glycerol rather than requiring

purification.



10bi odi esel production plants to increase profitability. There is a need,
therefore, for inprovenents to existing glycerol to propyl ene glycol

hydr ogenovpB/usacesses so that the processes can oper ate/uskdovossast | y and
econom cal ly using glycerol feedstocks and in particular crude glycerol

f eedst ocks that have been mnimally acidul ated. SUMVARY OF THE | NVENTI ON
15[ 0008] Thi s invention includes hydrogenol ysis processes and net hods t hat
are capabl e of processing a variety of glycerol feeds, including mninally

aci dul at ed e ceraol feeds, to forma higher v e propyl ene gl ycol
product ef flﬁf:ﬂ:égnt %li} G Ca R Eisr Ryo prf@ﬂf)@]%%@%’éﬁglignod’& 'P‘igf?(%d%is et i on
are met hodsiy@rogenobmiy.ePiopnigngglyae isal majort compiodpy bigshec by al gr&anp atdenghdt he

steps of: di.recting, a glycerol f .to a pretr nt section; conbining
208 base. with gl Sl phad T Ronoanbingedbl ot Som WhrASDasi o

gl ycerol coripgiché fgcd @Rdn Shiat@imegyed@r Rsid f@fctidihl Ahidg (B8t &5ze, HdiiEiggt i ng the
basi c gl ycerol containing feed stream and a hydrogen containing gas to a
hydr ogehol & 8eaf Eafisterlp hadimagep B5pls FRoftiapsmytist i d deteigris rehaetodimeR@n®nt o
contact W trvars dERF ke POIVERRBIA) p&At By slimhidaded in the at |east one
reactor wherein the reactor operates at glycerol conversion conditions

suf fi ci ent (9497} or rhodays Bigdicsed Arogeetion pnBSET B derd ofimrehadsl favgalise disydagade gl ycol ;
di recting ek R6 thQRnRiE GhibaB RRANG! 1 dedeud] OBV igliyt 0 a
separator to ?brnlg hyaro%@ﬁ ri@% separatof o#%gégé ané’§ﬂ§§%§$§¥%r l'iquid
product i néPmmgitedopramyiene akyce) by huiirogamtysidi thecthe isghrotrgy sepld batiend ih i qui d
product, t opRufkdl I t.l . Si . iquid in the
1 Qui d br odusie ar R @R rHER G M ANPRLAGRES Tl OEnSRRRLELRL i

2010/ 07484 11PE7) w820600 £06G3Byderol repropyddne zlyagl Hybegsrepaisgiroresdes sputhat the oduct
by conbi ni [ - Liquid product. Wth an amu f acid sufficient
U form a ARsre BEBRAL G AYMY BERIMEDHhe? Rl Blosk whEutitlt To
7.5 and i nctudeghygerpirfegigloelsahaylhycobepn minimally acidulatéd. . di recting t he
neutralized separator liquid product to a unit operation to renove 5water
and Cl1-C3 al cohols fromthe o ]%?k&@? Tﬁ%ﬁﬁb%%ﬁﬁo iquid; iii. directing
the essentially water free product i ncluding propylene glycol and
precipitated salts to a solid/liquid separator to forman essentially

sol i ds!¥ r eé0098bdudhissnveaten ingludasdiydrgeqmobply Pensesses apd lethodm that are capable of v,
fractionatli | |41 - - ' t. _one
fracti onat FoacTOEar aney LAty JRLth R AR L R LA Bl £ER o

[ 0010] Anot fem asgec valod propilenei ghxoehprodust efficienttiemdretrtvodsllfyor converti ng

gl ycerol i ro I P IS e steps of: directing a

conbi ned fgfeﬂggfnc%glggri)gcﬁ);%'ﬁ%%égn%gngr ‘a elglg)sdlE (If:]mg(f rilvfe’rnglgfhfcgé):ljm?%%f’ P )iqesneadj ust ed
to a pH of glycdrohfriding b2 swpd ¢f: direcangiegiysrddsd td o patbatoengedtiohySintinigact or

i ncluding at | east. one cat.alyst selected fromth rou onsi.sti of a
158 | 1 cal SRS iR o R ol (L oo Pa B s B s
gl ycerol cemsergiving apbingi 0iop Bk ast ldfreqing e bagic Etdrvleconaatid fosd Seahiafda
product ing¢lydin ropyl ene gl ycol; and di.recti.ng the reaction section
product i nﬁYCE%eﬁgo‘Bt?‘BB*ﬁlgéw@ %1@{9@?“083618&6%%?6&?%mf’Bg’f“% F‘ﬂf’%ft MFIFSESEN ri ch
separ at or gid in@aSn@fdvith SERRFA Okvelsidibadlyor 10§hea tin ihB el skt B PieRWIRRS gl ycol
wherein the concentration of the agueous base is increased to maintain or
i ncrease gHyERCIo20RBHEEH SO fMBILPSEIticanBt st 4308 2 rertiehicgtithyent i on
are meishodgrotift ifeRIAR! FrdfYiknd |g§@§lf @ikectifd Be BTG LARNPrdmel inQRMERE | Si ng the
steps of: directing a conbined feed including hydrogen and a basic gl ycerol
feed havi ngoaRYEM Bcof fosriep@aipptoform yhydregrd risl saparaies o8 seeaidhrorerarpel udi ng at
Lﬁgs; one Pg%éelb%aaa%&m{ge;gogmmgm& HOAHRERR! $HAAGr Afuid pRlul R cat al yst
purification section and processing the separator liquid in the liquid product purification

section by the further steps of:



25cat al yst, wherein the reactor operates at glycerol conversion conditions
sufficient to forma reaction section product including propylene glycol;
and di recwDnrgioidigs4neacti on secti on product includi ng pr@pyitse@gbiss®l to a
separator to forma hydrogen rich separator off gas and a separator liquid
product including propyl ene glycol wherein the basic glycerol feed includes
at least 50 wt % gl ycerol and wherein the reactor pressure is controlled at
condi tions 30of pressure tenperature and LHSV sufficient to produce a

reacti on section Ppr Od avl a t ane
oDt i o R B e B e i st AP s e DR et of a
process enbodi rTEntw1fhfantah108ntldﬂ‘dﬁﬂ'&mfﬁﬁhelﬁtodi fc@mm\mnframgd epyaer Ghuid ptoduqr opyl ene

glycol; [0013]Figyre 2 i sch tic of a reactlon ect.ion that is useful
in the process 5e:f?ﬂua$ ?rBﬁtO?Bf“trl"—*ﬁg% gea“f InqlestneRreR e ¥s a schematic of a

purification segtid@BctinB@e deStralBed tHpaiafdr li8d PFoAt@%Sa @Irrb@piuﬁieﬂto ©hotd gure 1;
[ 0015] Figures 4A and 4B are plots denonstrat.i n(g process stability

(selectivity and c‘@fﬁfé?ds?bﬁﬁaf‘}f?'e(rlsfrwﬁéhe‘?ﬁ'[‘@@i 1PPGIeF HeUig- 8 are plots of

the inpact over;ia 808 uf eslcRMMBI Al tRE pRidubifdi QAN Iﬂgpﬁé]f’e ff?]eeﬂanlaase
concentration on glycerol conversion and selectivity,; Figure 9 is a

pl ot of the inpactPraceietedpallsiessiddigsid ngayeerrteformre@@@h@fy;ﬁshés fesnver si on

and product sel ecty yiutd GSak HcRDind ph ‘Mer@é g(fly&grol feed; [0018] Figure 10 is
a plot of the inpact varying reacto fee residence time on gl ycer ol

15hydr ogenol ysi & dueeaptigihe essentioy prlidp firepredust steea ig el least P fraptionatidn
[0019] Figure 11 |s mB'tS’fec?JerE?ﬁnﬁJlﬁrpp?%le% ﬁ/?&ﬁ?#‘% .feactor feed residence
e

time on glycerol ro enol ysi ivities. DETAILED
DESCRI PTI O[\O(HF] THEmbtﬂVEMNac@sf t{hGOQ@:}xfrchempluwemﬁtthqdmﬁembm\@mnrg@ll)@;tlesmtco

hydrogenol ysi s, esses and ara el vent erol into
pr opyl ene é’foy% eg‘ﬁ% Process tﬁg& IOItf ga‘iﬁ’é“se i rﬁjtnfc‘%lx%ﬁ%{%e nfderence
to Fi guresabagc gl’f&‘f@ol@be}dﬁbﬁt@d adhl;swri(mgepﬁlo;?ﬁbm lprt@(mwsh afi addequirteseltoiancl udes an

optional st oc re- tre ection endln sectlo
Poactton sETEoLeR R BRaEe B Pt b ele o B b

furthens i nNilRdestaBst a@phr@M&f/Rdﬂ@tﬁlysa,lwm&fn maresetci d);ﬁﬂﬁe%&t glcyéeraeuh\reaﬂubrzr ng the
pH of the re ctl on roduc%}oébefore it enter gggl&p f| cation 25section

40. A pur pSSETHENS B F‘F‘eté‘t’ Pt? '5¥EPR fﬁ‘i“‘i’BPrP %eeeskya? Aogy ude

gl ycerol f apesinpefeaefibhayia godlict En@mﬂiﬁgfpﬁbpfy}%ﬁéjgl?&cﬂ A RPaSREtd fofin 20.
A ycerol containing feeds that include fatt%/ acl ds - such as bi o- based
gl ycerol f d¥giegen e sepagonsifiogas and aeppprgtop Fayiyl arpdpe ficluiing prepyleps glycol

Pretr eat MeRtheRBChé &hcditrati e bUACSue ARBLEY D GicteRRdidtnhimRCordnGORL BiyRAING
glycerol feed 16 with an acid 17, such as sulfuric acid or hydrochloric

aci d, b f6PHFEEPNaci dul ated gl ycerol feed 18. 30The term "aci dul at ed"
refers to piari duhiAbRsnGlY%er Hnit Boehdoiake Mihdds GARM il JWEkd kS - Ot her

propylene glycol comprising the steps of: directing a combined feed including hydrogen and
a basic glycerol feed having a pH of from 10 to 12 to a hydrogenolysis reactor including at
least one catalyst selected from the group consisting of a Ni/Re catalyst and a Co/Pd/Re

25 catalyst, wherein the reactor operates at glycerol conversion conditions sufficient to form a
reaction section product including propylene glycol; and directing the reaction section
product including propylene glycol to a separator to form a hydrogen rich separator off gas
and a separator liquid product including propylene glycol wherein the basic glycerol feed
includes at least 50 wt% glycerol and wherein the reactor pressure is controlled at conditions

30 of pressure, temperature and LHSV sufficient to produce a reaction section product having

less than 1.0 butanediol C mole % selectivity.



than fatty acids - found in conmmon crude glycerol streans derived from

bi o- based and ot her processes. Such inpurities can include one or nore of
nmet hanol ,weadinuntys4pot assi um tranmp inpurities, sulfur, PCORUS20000kesBs and
chloride. Qther glycerol feeds such a technical grade glycerol, USP

gl ycerol, technical glycerol and acidul ated gl ycerol can bypass

pretreat ment 5section 15 because they do not contain fatty acids. [0021] The
pur pose of feed blending section 20 is to conbine the reaction section feed
i ngredi ents including glyceraq| Iﬂﬁt of the glycerol feed to
the desired basic pH before ?ﬁge%§§h§ g i@%&ﬁgﬁggg is directed to reaction
section 30. Several different feeds may be conbined in feed bl ending
section 20[0042F i r $igufecleld atstimmatis ofth precseemtiadimene bf hatimentionlfosesiveoing 20 i s a
gl ycer ol fg gm%bggag1lengnﬁéqr 22. [0022]d ycerol feed stream 22 may be any
type of pr rea e&lb@@beré)’?eed that has a substantially reduced fatty

aci d cont ef@013ahd, Figoerxikarnehendoest awehctior gistive that i isedatimgliprdcasspr et r eat ment
sectio% 15. Eq{t afh% free glycerol is generally readily available in
several’ gr & %}méﬁg 8¢dei cal “ (USP), food additive grade, and techni cal
grade (i ndgoid) al FiguBi Dis a t&kasedod pegic@lontsbaion s isnedfuligar Povekd i ed is
known as cruge,%lycgrjn. It is conmbn to renove inpurities from crude

gl ycerol by™tueHhoaretekati on to forma vacuum distilled crude glycerol .
However, t [@18F OCeRSRS 4Afant BBSd SIS a&m&mr@l@lgwceg&%nwg&l@&mmaﬁa stilled
crude glycerol. Instead, splitter's crude glycerol, an 85% gl ycerin grade
recovered SHYCHOALYYE FReed fromthe water of hydrolysis; al so known as
hydrol yzer [gpigde 8lghfe85idhre Abis2PaRiiAPARL Y 2 GAnke 6F RnpabfirdiSeiideafifells. Soap

| ye crude coul d also be used as long as the fatty acids are renoved; and an
est er crudécd bisegonsentpsion opalyedrol econprguasldseleedyt he transesterification of

veget abl e gjghsr [ BRIAZISG YSEK OF ink t.ncl ude

met hanol ag]a:%yprgﬁuct o? b?&i Eﬁggg%%%% é?éggspgg§%g2§FK%%§$€§ present in
gl ycerol fewdersion@aahprod®t sphebtiiRics wsingra/loanutingl y@stl tieed; does not interfere
with the h en 11 i . ically. gl rol.. .stre 8 and 22
may i el udle et o TP EREHARE: mpR ARt kR B R SE AR L o
gl ycerol . hpbcsthdnos trevekiosdnd drapropyltre gheoblieteettingatd feed bl endi ng section
20 is an a us base feed 33...Any base that woul e under st ood .by one

oki | Teq i n0FES, PAFE 1d®Gumren e a3t b0k IRty fee? Bt s

gl ycerol f bgllogeoolydiebypesivredicb@diics. pH may be used. The aqueous bases w ||
typically be selected fromthose that neet one or nore criteria of ready

ana that avoid  wo 2010 bYABHEREPRAGIGRI THE MDA | Yo oo Bl ot

of some useful bases are aqueous sol utions of NaOH, KOH, ammonium

hydr oxi de, [082¥er Ehkpikiennpyationyethtesxd Hredogeablyoix prpesssermdd sppafapesehfoni t h NaOH
and KO bej . ] o] ' . f.e il typically
range ron?ggggﬁgégg%&afggggggﬁggﬁ%ﬂug%%&§§§&%§§Q%%ﬁ%@gﬁﬁ?ﬁgmﬁh@ﬂbH IS

adj ust ed wetdnensa @Higtrhel -3¢ dhe gntarathydogofolsa@rbdesy df Resuaquiecludessaal ut i on wi | |
be from®O. 1.t w.% an referably fr 0.5t0.1.5 W% .1f KOH..s the
chosen agq u&e-péﬁ’galggegg?di ’8’%egﬁ'2emc580nhoéjﬂt5 r%{efgﬁl]e%qm%seﬁ?%nf Zz)r ?’gﬁctéod’tfg%l%l?é’ 8ol uti on
of KOH wi | andpeodurgrarificGionaediod 404 Thd (0&s] Argtricetdet al egionhleestalamn25 from

product purification section 4 also be directed to feed bl ending

Dot i on boeelsi ol iyl ke ot obBE i ot i g e RS RUYIEBHOT 10
added 250 t §eetidneRC t20purp@e df pidtréLaeht BEEBAl NG 6 prtrbQRer?ln tr08d l&rolBtdds ar e not
limted to, mater?ﬁgﬁﬁéggg{cohols, salts, polyols and any other feed

i ngr edi ent EIRAGRY fesdeliendipg spgtion, 0. qlisswbrontiwiae eendrtigeledct i on 20

i ncl udes aﬁaa% 8A& - AcPhl ReibHEH PBREBER -WIARK B rigeaRASE plBEAMSR sk&iof95DI Ned
with glycerol feed stream 18 and/or 22 to forma basic glycerol feed stream

35 havi ng TRECY By EtctipH]S PRudepombinglgbe fagy agid sentaigingjglyeerohierditewith ain 20 to
80 wt % 15gyeer lchalehiRriehehaPhyarddhMc4Cial 8 &% W M YL RkroftdeR 18 he

remai nder being mainly water. '
30 The term “acidulated” refers to an acidulated glycerol feed that will contain impurities — other

4.



A recycle water stream 34 from purification section 50 may al so be conbi ned
with the glycerol and base in feed bl ending section 20. Water is produced
in the hywoagmmohsssi s reaction and is also part of the Ppasius2gopcssdl
reactor feed streans 18 and 22. Water is blended into the feed in feed

bl endi ng section 20 to adjust the glycerol content of the basic 20gl ycerol
feed to the desired |level. By using recycled process water stream 34 for
any water adjustnent needs, the only water that is added to the reactor is
the initia ter .and.t he.overall 0Gess ter use i.s neutral. [0027]Feed
bl endi ng. olel PO =B C TS SHE R RIS Pi Gl o bl 78R L ep.

I n this enpodéssanSutthempadiidathainehdgbysce malre ofandthated swditih, fpasduanthngny sal ts
that precipitate are 25renmoved in a.soljid/liquid separation.step.

Ther eat ¢ or Mg igs SUfRe a Soico i Cripad ishbereh Ay LRGeS PMuEE%s 1 wat er
(or al t er natyeerSIOUSR Blyerb) teb el @B érelchng layia @kl gBof6RIAh babdsOprerd00a8] Feed
bl endi ng section 20 may be any type of unit operation that effectively
admi xes t weFCHPn hbhesaust By B BOYSORGNSALY &5 exanpl e of a feed bl endi ng

section 20[gog1an Th ptfosBoKicBIbRPRAS &kiish 10Ns WhioaibideBe leh&idh decki6® thed _
ingredients are directed and adm xed with one 30another to formthe basic
gl ycerol f &@eepdzsts inglydanermyqeind pyd toradimet thy efhaf the everel foef toaharsyirgddagic sur ge
tank in whighefRent BRE JNGFE UM dircfl® (CRIRbASLibN3@ §QBLS Qtleg BBAner in
order to carefully conttol the pH of basic glycerol feed 35. The basic

gl ycerol f®&aybgenehinediinfped bleading\cnon 2f). 0 figd fepdihaUs 2000t DE46882tHilcaindi ng
secti of) 20 \M: ; i ferably the basic glycerol feed
Wil hg)ve f’;le\é%él)-lll %%gggg%@gé%%m%}nal%{]%gfpreferabl y a pH of 12. H gh feed
pH i s one [0632r t aftyceral feabiteamtPatmdydiepsy rmx phprzeeamdagydeh éeed thatids a
selectivit Next i CEI ( 35 1s. directed to reaction
section 30%ﬁbﬁ[glgtgat%?%%%%eéicf%@g%&)@%’(ﬁeng%%vﬁ e@#%?g%rnﬁ?ﬂgﬁr%%rftﬁe }a@en(t);n a fixed
bed cat al ypetreaaeattoectid | 5.hFayly apiddss ghyeerskip gerataly rdadijly andlably dr @genl r ecycl e
| oop. Reactor 42 is i nt Al a e desired reactio ressure wth

nydr ogen- Kt M aLEIT PR R Ladis SR8 6T Kb s s PEEREVDC B W o
mak eupishy dbaeeslycosipliae satot bekntparifial iksovanasphes $edertim Kie isupmgas t¢fehae 55
which in turn.i.s tgoorrbi gegwwi tlrh basi c 91' é@erol feed 35 and W%h ctiecycl e
hydrogen stPRERFSET {U8¢ &Y FEOMyXAr e BR80T 82 KB HEd 'PLetlst r eam 58.
Conbi ned f gigeckrsit HRABVHShé probdyedy di@ad @dention Uk Botdefilie &dcuugaditilea cluggper at ur e
in heater 59 arld then it is directed into reactor 42. [0030] The nmake-up
hydrogen c®¥tSP niHiagaBiEr s SHe s CrRl a8 48D e 8deiic e Bhs st ream t hat

is avail abmcaitratehemmtﬁ@%@r&Hﬂroéﬁnealgm&%w&s h%'&}b@g&r&r&@@h@érﬁ}i, Bg gas
shoul d include at |east 70 wt % hydrogen and preferably at least 85 wt%

hydr og@n affdduhiet elisspy arearefBl fpediosean e rudscam dalin e e lonpisdbfaity t he

meke- up hygy RoererQM@hAY Hks@RS S ERRMBARFIMCPR RotTBed¥sh agen. Finally,
t he make up hydrogen containing gas should be essentially free of conpounds

and i npur i rnesstariiigetionliveserlleells det ri mental inpact on catalyst activity
and/ or reagpbfn SElRGH 4kd éfrealn?%}J%%ﬁal&qmﬁh&e{getﬂﬁ%gaﬁ%%ﬁhﬁ%fBf?)m acts

at |east one catalyst in reactor 42 which 20operates at cerol conversion
condi t i onsbaséd pressspar Methapehyeaydie praserd gl ad deodetroang W8 and 22 gy myamount
hydr oggnol ysi C1 hat R [ ycol .
React op pr i et B Rl R DI B 0B B e O Tl S P B B Y O
hi gh pr essarde2segyandtdsrupltd ¢ wd7 pettchuclt and sowhiypikali ysnadinore eliaed .3 wt%ur i f i cat i on
section 50.1 A_t]i gh pressure separator gas product stream66 is al so forned
. . CEerol. H
in high pr% Sure separator 44. The high pressure separator

[0024] Another feed that will be directed to feed blending section 20 is an aqueous base

feed 33. Any base that would be understood by one skilled in the art to be useful for
30 adjusting the pH of the chosen glycerol feed to the desired basic pH may be used. The
aqueous bases will typically be selected from those that meet one or more criteria of ready

availability; little detrimental impact on catalyst activity; inexpensive; and that avoid

-5-



25gas product stream 66 is directed at least in part to recycle conpressor
68 where it is conpressed, and then adm xed, either before or after

conpr essiw020w/a7i84make- up hydrogen. [0032] I n a pref err e#Cerndsoaiome4sss
reactor 42 includes one or nore quench streans 72 and 72' for quenching the
exot hermal hydrogenol ysis reaction. Quench streans 72 and 72' are shown as
bei ng hydrogen but they may be any liquid or gas that is available within

t he 30process. The quench stream 72 will be provided in a sufficient nunber

and will include one nore quench reams operati at ficient
to prevent CPﬁgsl?r}aﬂsr%‘g?"g}fEqué8g%’§§e ‘{Sﬁé}bﬁsﬁsaaé‘f o W@i@ﬁ@bﬁf@ g nore
than from hehnidiBOhydrexi@Cother 26G)manthysokRed) aRbaa@&nY s FeRiMwiths4tg aRr e t han
10 to 40F (-(éé to 4C). 50033] Reaction section 30 may include one or nore
reactors | dHdRGeRE Prfieared ol Pimovny efrRagsein S s leedival fymigallygapgedyast & ¢
reaction seqdwonddRndhg hpdnikd BidEcRds&i. NPIKE pHAR&dj e ddA MWD 3R f i Xed bed of
solid catalyst with optional quench zones. Undér hydrogenol ysis reaction

condi t i dns COREBEHR oh Na@H)ip thegaregpesoiiion Wil be ke (okle Sbwdt.ond pleGoly Any
catal yst thaf, 6.5 kNOWint 9r IDEHUSEE UhoskNadu@Se@hld Mi9n HeXERERatloR 0P} OPYI ene
glycol in the presence of hydrogen may be used in reaction section 30 of

t hi s i nventradeiredrgasayh exdutiph of KEFH, wilklet fadny 8540 2Acttéide copper/chromite;
copper zin c i j a0 . . itives for
ot vi 1y on 2o iy pytorfiik Rtk F7 kb MpicheckiiaChio Al IR Fa T b

mol ybdenumdirptiedetofeadfdending sectibn P§.sOtheningretiehie -dgthrsebdi snddafual yetisnsueh as
CoPdRe,or N | i C S r ho erein,.the tals are

r educeclj(? Eggér?gltggl eg?a%g)élﬁ%d E@%gﬁlgr&%@{%@% e{PCeuci(??i l\é\é(.:{laf)esneo(tjhfnﬂe .OS\.N%ﬁat ent
Nos. 6, 479 {133 algqhdBs5al8.401y0|sA82 uBP@herGecd0Ngra8bdrts o84 008killd, it #é,aR85,

6, 570, 043; specifi.cations. of, each, of which_ are incorporate erein 15by
ref er ence. [(Iwz%rg{ i c%fé%‘l pigdinesreiongg “&Ci‘fdgf ?tsll?asg{ %1’?13 afljﬂ%tg’gntcffegc"fh(?geetgep °u.s.

pat ent applféed @8 iioronshimedatithidycerb? {08 2rth718 dnkier 3pecibin 6 disiodyafolvdidch i s

al so incor por at herejn by reference. [00 ctaor 42 js er gt ed at
reacti on cohd™ ?Sglﬂ“f’é’”igﬁféet ta#%ﬁ%tﬁheﬁ?‘? C@%V@Eé}:‘gﬁsaﬁél ‘Q‘FI?/@EHF%? 8‘?5’ 82%‘%% ene

gl ycol 15 Thelycaarindqrefe@nilifiohosiso i60 Glt @@y e a6/t thetreiigda bein e hatlly Watmeen
300F (148C), and, 500F 260§%froand preferably between 325F (162C) and 20400F

(204C). Thé FOKL BHSHEYP yS {oRANTHEANRN PFCUBR S8 Ry plse Bhéomtinedoniitgbe a | qui d

hourl'y spagpcyel f@ivhik i6 Ed@Wen@hg $i6es@! wafer B-plodacdl iR ehyBRBEMbIY4RON the
sel ected glycerol feed rate. The reaction conditions further include a

reactor pr EEHANANGHS Fuririad Gretbgsio glyeerplspestqiecratreans) B amd 2kpWaigaifge) . The

hydrogen 1 8f8dddndolige fEfG QI bile?xdﬁxt\éﬁé&i%h byt 4P dhie 20c8] &nMOsQREHREr nol e
glycerol feed into reactor 42. 25[0036] The high préssure separator |iquid

product? st ekvasPbEed @ th desiseddavel oByuving feeyalddamoosescydtersagn 34 s avewiigh of
purificati WuSFCA R0 bty SERPIAPALARA b {1 rBdIok 10 hnitkal GBS gﬁﬁgﬂlee&%ra%' ycol
product produced in the reactor section. The first step of product

puri fi cati oywcess water pgenpoaitiiethe wat er and the Cl-C3 al cohols. The al cohol s

are recove ro . m., . . d .al coh stream
is recover [e@gg;ld %%ﬁ?n@gﬁégggtzﬁg%ﬁ%%%tIggh(geoaagr?aggguel 8%(1%0 Uf/n Fa '(s)fnt han 3%
wat er . Thethesagrdinadnk thewaitielntefl glyeerplrio chiratd vaithr lmsandsing sale cliag gretipitae second

ool U L PRl B RER S TRORTET AL Rl B b Rt
as the oveishidlagd with water (or alternate solvent) to the desired glycerol concentration.
[0028] Feed blending section 20 may be any type of unit operation that effectively
admixes two or more miscible liquids. One example of a feed blending section 20 is an inline
mixing apparatus in which the liquid feed ingredients are directed and admixed with one
30 another to form the basic glycerol feed 35. Alternatively, feed blending section 20 may be a
surge tank in which the feed ingredients are combined in a controlled manner in order to

carefully control the pH of basic glycerol feed 35. The basic glycerol feed 35 exiting feed
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WD 2010/ 074841PCT/ US2009/ 064688 product fromthe second colum. The second
col um bottom product contains ethylene glycol, unconverted glycerol,

sodi um sawo=0emd4satt her heavy products such as di propyl emeTgiSg@olocsngl i s
directed to a solid/liquid separator to renove solids. [0037] A detailed
purification section enbodinment is showm in Figure 3 which includes 5an
acidification section 70 where an acid stream 72 such as sulfuric acid or
hydrochloric acid is conmbined with [iquid product stream64 to forma pH
adj ust i quy n l'iquid
pr oduct Stﬁég$ﬁgggﬂ8$%i&ﬁ?%?%é§?$§ﬁ% Hmﬁvﬂgk8£w?%§&mwﬁﬁFm%H&%?ugg% ?tlons
suff|C|entpﬁdﬁﬁ@nnﬂanﬁﬂmmpmeﬁpuﬁeamEa@HsﬁﬂéHMgH&mdthudwn@pwamewm&m& | i ght
(C1-&3) alg ﬁl Que 1 ﬂ St amis then directed to al coho

col unm 80 t epﬁﬁw8 FgFggen?gg A7 t5'0h% sufficient to forman overhead

product st &9 82_Ne®nm Basicngyess @zt i3ahd direokd td ighttioakeGbDB& Rdeudiidn dacidnons

stream 84 nsi st i of essentl I ter at may_he recycl ed back to feed
bl endi ny s@@ﬁ%ﬁ” 12WR At nelgdggio g 6%/ d(‘}?ta{%'f)ttrﬁa.‘c“[réégg%@r? SBiserPaoa s o has
a stripper ab@hidﬁ@n$&c&ﬁamo§7REib&irm@ﬂm&d@ﬁled R taPYdsROEre@dtivd PlessuddwvR@ct ed

gl ycerol, § rogenol ysSi s %rproducts such as et hylene glycol, and butanols
as wel | 15&¥dregi; fsmakrup hydrogen coatainipgisan slesamp 2 b emRseited Wity mekr¥Pst r i pper

bottonms st n@awg@q&ow@e%m 55 1 RIRYe6mpreQel Ritkas Hst@shnl $0Whith Br@dUst stream
74 in stripper 76 he stripper bottons streamis directed to a

solid/li quucaméléﬁhwal@ B%Sl%%w@@béﬁeé@é apdhwitls gy s hydrogen strepft i statip Btes Ak

streamy7 fig %tanmbfng&‘feg§ stredRYs 8 @Vhibhel ARl shdandbd 8 el h%@c@@{o%éade%ﬁ’éd ds from
| i quids many be used. Non-limting exanpl es of useful solid/li

separ at or s FfEEOTHEMBSTAItet i heptex 38 2hd Bep i liditested THereagsndd ds 88, rem)ved from
solidl| 1 auighapeparrdt fluBhy Ridfodef EMARRY oY st dLRBISEY Bhny fifodch fh fasP! OdUC

90 from soll iquid sepa Isn 92. (One
pur pose of swyeouthanicatadaie @tht HO@@@S s@p&hamk%%b’wrmﬂeontah@ggem&’(hm@lg

unr eact ed v aguY m stream 94
fromthe p%&%&?éﬂgasg?@ggﬁﬁ (ylo eqﬁoé}t) %g%a\éum c{g)f ﬁiﬁyﬁg ?251% stream 96.

It is & sopm@a@lbh&rdtbam&kﬁew% hayd\vmuuMoo@Ivumhe%kemp Bﬁdmg;amwentmtﬂg;@aene

| ycol in coI u acuum
Qo i over Rt B L AFB BRI APL RRSI Fo B0 BT 1T ™ e
gl ycerol i msshatalgfige st doppwdih ahdinipmriies thﬁ@:y@lﬂadvel}adbkmhmélexephcbbxedsuﬂalyug zone
20, then bottons is directed to wped filmevaporator 98 or to a
simlar soffff¥@ %?rdegcgﬁléf’eé CSP’lt)f o renove any final unwanted salts from
bottons st [@BM 94 Heebot@nbihed BedkBiRtin 88 cont@ £ 0840l dhe BRLIGS iRteacthOD4O]idine
vacuum col um overg1 ead stream 96 Jmay aﬁasol d as a commercial product the
pol ypr 8hy| 8RE2ET I &HICTBLTIYSSIPR CHidgione plgRigsures EMpLatyreand spase V‘ilﬂ%ﬁy ®he final
propyl ene  grprCiydrodh AL 2648 fbBtct s 2d DOPh REAGER s pF goggllu@é glb@$. Redotdri ty

greater than 99% and nore prefer abI greater than 5% purity. In

addi tion, PHEVESEEY Ehis dgpgeliP spy bt teParanT IfEE™ bélgh@wswe %,e@ar@@r n

hydr ogenol Yighid pRYBE G WS- is diR XS pRERABIYRLSonH00 eSS PreQUHCLSrREV Sk al
by-products in detectable anounts.” Mbst troubl esonme are byproducts with
boi | i ng poPTedsCtsiredn &f is glso fimeth gt highpresaiersepastorsiio gir &igd PRIbYE ePARIBSC) .
Such siqm | k %QPS et hyl ene
gl ycol (19%5151%%!8'& ﬂ%ﬁg%? 1%&1%5%3%%1%&0%%:@0 %Cp&é %isg(lt)ﬂ 6(gn]vgﬁlécgzlg%alE)leSnd| ng upon
how vacuunroupresied, 92d fhen afreired; etuheré@fnysloeﬁéergby’wlssmayvmbenqkp@sémrogw t he
propyl ene VE r i |.e ol is
toxic, it ﬂ(}??]oneedy’%@e g@fgrg?r%@é ’?rg%ciﬁgrc‘)t?%ﬁné%g %({}g&rgé&%c}l %l'%a% Z\E/el in
pr opyl ene grhq&%tforp;mcmthmg tlseterxeamnai hatrogeaglysis &:al:tmzv tQenai sitryamsllﬂ[zﬁlﬁﬂl] I n nost

i nst ances, rodu strea m vacuum.col unm 92
will incl u?fe gonvpunac@§%ty%%gé/n i ﬂ%yg}?’ﬁ nfm%lf'qutlcg]l gjaglrs(%adl%t;% W ‘”E? opyl ene
producto st peasks 9Bhd q:mhambasamrz anm baprotided nta%uffivihenyitet etdRilyin@ude onk % and

nost preferablly .2 W%
or more quench streams operating at rates sufficient to prevent the temperature across the



of these products then the propyl ene glycol product may require further
processing in a polishing colum. If polishing is required, then

pol ypr opywerrelopr7esduct stream 96 is directed 15to a fi nalPCpaiSee@iiongsEol um
100 to renove the unwanted byproducts in overhead stream 102 and to forma
final propylene glycol product stream 104. [0042]Simlarly, if the final
propyl ene glycol product streamincludes unacceptable | evels of ethylene

gl ycol, then a propyl ene glycol/ethylene glycol splitter colum (not shown)

ill b d f tiall t hyl | .5 | abl opyl ene
ol yeol - prodiiste sUSEam S Berti® Rl EPTdl F dhar K R PSSP pa e
cat al yst i M@kriidkingmare Shamt19t600°FQ-14 st ¥%)Pd, and 2.4 wt% Re on Norit ROX 0.8

- an acid d truded steam activated carbon - was prepared using the
cat al yst B epgéé‘fq%ﬁec&?& Ma¥ “TCL’&WU? %.mcﬁéfeé‘?ff’rsé‘f?&ﬁﬁjgéfgiaéﬂh%eri al no.

12/ 082, 997 hydibgenspei ichtaigat 1A0pteRfredRh&idn is&ctibh GO LRPMAESla iRgIEkdAcRY4T Rfter ence.
The catal yst, was reduced at 320C under H2 prior_ to use. B. Pilot Plant

Oper atidn [POBA%P §f celidiatahypiryh apiingiugnchaenss. \Wade hydrogenokse estiply t he

catal ysts ppeR@igdeRRVE wiBpdite 8 PirlcRt bRd RAdior. The pil ot plant included a
single reactor. The catal yst (150cc) was | oaded into the reactor with an

inert sol i dO8# uertnyralyst thit iflgpe@)o bpusgful in enydréngeyceratiepiony!pissadycef t he

diluent is; i : ri stics
Through t na PepRREESM e B aby Bed B RO R YTl IR i Ak TGS 2

heat of rea&tvichm cathlygninalyde properéchednaite; cppop@ncand coppeeoiidowlie Bagl MgO, The
octi oy [ G095 Tl FEEMME! (e dRE oB AT bR Bl QuRE) nReelail o
gl ycerol f ewdybdemine Obierpecfervidt datahs@reHetedegendops rogests ambl asEoRdReor Nilke
reactor. THE.QLEShRl (RIS HRED il AE mpt oM A ERAS e A R0 R bech N 11
catalysts are disclosed in U.S. Patent Nos. 6,479,713, 7,038,094; 6,982,328; 6,900,361;
6,841,085; 6,677,385, 6,570,043; the specifications of each of which are incorporated herein

15 by reference. Particularly preferred catalysts are those disclosed in U.S. patent application
serial no. 12/082,997, the specification of which is also incorporated herein by reference.
[0035] Reactor 42 is operated at reaction conditions that promote the conversion of
glycerol to propylene glycol. The reaction conditions include reactor temperatures of
between 300°F (148°C) and 500°F (260°C), and preferably between 325°F (162°C) and

20 400°F (204°C). The reactor catalyst volume will be sufficient to achieve a liquid hourly
space velocity (LHSV) of glycerol of 0.1-5.0 hr-1 based upon the selected glycerol feed rate.
The reaction conditions further include a reactor pressure of from 400 to 2400 psig (2.76 to
16.55 MPa gauge). The hydrogen rate to the reactor is typically from 2-20 mole hydrogen
per mole glycerol feed into reactor 42. ‘

25 [0036] The high pressure separator liquid product stream 64 is directed to purification
section 40. The design of purification section 40 is dependent on the purity of the propylene
glycol product produced in the reactor section. The first step of product purification is to
remove the water and the C1-C3 alcohols. The alcohols are recovered from the water in an
alcohol column. The mixed alcohol stream is recovered and contains less than 10% water

30 and preferably less than 3% water. The essentially water free product stream is directed to a
second column. If the butane diol by-product concentration in the liquid product is

sufficiently low, the propylene glycol product can be recovered directly as the overhead
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Feedst ock Conposition USP dycerol Comrercial Acidualated Gycerin

Commer ci al

Aci dual ated d ycerin USP d ycerol Sodi um Sul fate w % 0. 00

3. 35 3. 35w0.2000/0n8t4¢r by KF wt % 58. 89 54.53 52. 80 40. 26 RaCRiS2a0Y0846881 0. 77
1.14 0.97 dycerol w%40.07 37.67 38.92

10

15

20

25

30

product from the second column. The second column bottom product contains ethylene
glycol, unconverted glycerol, sodium salts and other heavy products such as dipropylene
glycol and is directed to a solid/liquid separator to remove solids.

[0037] A detailed purification section embodiment is shown in Figure 3 which includes
an acidification section 70 where an acid stream 72 such as sulfuric acid or hydrochloric acid
is combined with liquid product stream 64 to form a pH adjust liquid product stream 74
having a pH of 7 to 7.5. pH adjusted liquid product stream 74 is then directed to stripper 76
operating at conditions sufficient to form a stripper overhead stream 78 including water and
light (C-C3) alcohols. Stripper overhead stream is then directed to alcohol column 80 that
operates at conditions sufficient to form an overhead product stream 82 consisting essentially
of light alcohols and a bottoms stream 84 consisting of essentially water that may be recycled
back to feed blending section 20, sent to disposal, or both.

[0038] Stripper 76 also has a stripper bottoms stream 77 that includes, propylene glycol,
unreacted glycerol, hydrogenolysis byproducts such as ethylene glycol, and butanols as well
as solids such as salts that precipitate out into the stripper bottoms stream as water is removed
from pH adjusted liquid product stream 74 in stripper 76. The stripper bottoms stream is
directed to a solid/liquid separator to separate the solids in the stripper bottoms stream 77
from the liquids. Any device that is able to separate solids from liquids many be used. Non-
limiting examples of useful solid/liquid separators are drum filters and hydroclones. The
solids 88, removed from solid/liquid separator 86 are recovered or disposed of. The liquid
product 90 from solid/liquid separator 86 is next directed to vacuum column 92. One purpose
of vacuum column 92 is to separate heavy materials such as unreacted glycerol and heavy
polyols as the vacuum column bottom stream 94 from the propylene glycol product as the
vacuum column overhead stream 96. It is also possible to operate vacuum column 92 to
recover ethylene glycol in column bottoms stream 94 as well in order to produce a vacuum
column overhead stream 96 that is a salable propylene glycol.

[0039] If the glycerol in bottoms stream 94 is to be recycled back to feed blending zone
20, then bottoms stream 94 is directed to wiped film evaporator 98 or to a similar solid/liquid
separator to remove any final unwanted salts from bottoms stream 94 before it is used as a
recycle material.

[0040] The vacuum column overhead stream 96 may be sold as a commercial product the

polypropylene glycol purity is high enough. It is preferred that the final propylene glycol

-9.



58.26 Ethylene dycol w%0.00 0.00 0.00 0.11 Propylene dycol w% 0.00
0.00 0.00 0.00 Methanol wt%0.00 3.63 3.79 0.37 Acetic Acid wt% 0.00 0.05
0. 00 0. 04wvdavwl/o7¥#4% 100. 00 100. 00100. 00 PCT/US2009/064688

product has a purity greater than 99%, and more preferably greater than 99.5% purity. In
addition, the propylene glycol product steam must be low in certain hydrogenolysis by-
products. The hydrogenolysis process produces several by-products in detectable amounts.
Most troublesome are byproducts with boiling points similar to the boiling point of propylene
5 glycol (188°C). Such similar boiling byproducts include 2,3-butanediol (184°C), ethylene
glycol (196-198°C), and 1,2-butanediol (192°C). In addition, depending upon how vacuum
column 92 is operated, ethylene glycol may be present in the propylene glycol containing
overhead stream 96. Since ethylene glycol is toxic, it will need to be removed from or
reduced to a very low level in propylene glycol product streams that require low toxicity.

10 [0041] In most instances, the propylene glycol product stream 96 from vacuum column
92 will include an unacceptably high amount of these byproducts. If propylene product
stream 96 includes more that 1.0 wt%, more preferably 0.5 wt% and most preferably 0.2 wt%
of these products then the propylene glycol product may require further processing in a
polishing column. If polishing is required, then polypropylene product stream 96 is directed

15 to a final polishing column 100 to remove the unwanted byproducts in overhead stream 102
and to form a final propylene glycol product stream 104.

[0042] Similarly, if the final propylene glycol product stream includes unacceptable
levels of ethylene glycol, then a propylene glycol/ethylene glycol splitter column (not shown)
will be used to form an essentially ethylene glycol free salable propylene glycol product

20 stream.
EXAMPLE 1

A. Catalyst Preparation

[0043] A Co/Pd/Re catalyst including 2.5 wt% Co, 0.4 wt% Pd, and 2.4 wt% Re on Norit

ROX 0.8 - an acid washed extruded steam activated carbon - was prepared using the catalyst
25 preparation examples from U.S. patent application serial no. 12/082,997, the specification of

which is incorporated herein by reference. The catalyst was reduced at 320°C under H2 prior

to use.

B. Pilot Plant Operation

[0044] Glycerol hydrogenolysis tests were performed using the catalysts prepared above
30 in a pilot plant. The pilot plant included a single reactor. The catalyst (150cc) was loaded

into the reactor with an inert solid diluent material (95cc) to dilute the bed. The purpose of

the diluent is to lengthen the catalyst bed to improve the flow characteristics through the bed
-10-



100.00 All feeds were adjusted to a pH of 12 using NaCH prior to use.

[ 0046] The pil ot plant reactor tenperature was controlled by subnerging the
react or iwoaonaTggsmuously stirred bath. The reactor effPogruS200964$8% ect ed
to a high pressure separator 10operating at the reactor pressure which
separated the un-dissolved gas fromthe |Iiquid phase. The rate of the gas
streamexiting the high pressure separator was neasured with a wet test
nmeter. The liquid |eaving the HPS was col |l ected as the |iquid product for
anal ysis. [0047]1n i rs ilot plat run, the stability of the catalyst
perfornanc%n€5§$@9$?ﬁ%?%8¥ﬁ%?ﬁﬁ3586W§g55zF“P@%@*W?%WPﬁf%@F@?@B“C ver si on

t ha'éI i ncl udadlyﬁ?)éﬂlaﬁﬂﬂoppl)e-ﬁhﬁtlﬂm ®tof Meﬂmﬁatelﬁpfoclﬁe@}“a ménaiskitons were: G y((:er ol
Feed 1,2 & cerol mmb5.0 Pressure Sj MPa_gauge 200 psi (8.27
MPa gauge) [@égr%er BIFeACIgTY s QPEEEE)n @V@dﬁlfoﬁﬁ?sé@ggim 96 hihe ilyg%)@hf%fﬂmslz d ycol
Feed W % 39oMBinedMRHkOhE048ALRIIA MAZQNI) BR468%:[ ORAS] Eha feddabieliid ther esul t's
over time are shown in Figure 4

: ] and B. The catal yst
5 various examples are sef forth in Table 1 below:

TABLE 1
Feedstock 1 2 3 4
Commercial [Commercial
Feedstock Acidualated |Acidualated
Composition USP Glycerol {Glycerin Glycerin USP Glycerol
Sodium
Sulfate wt% 0.00 3.35 3.35 0.00
Water by KF wt% 58.89 54.53 52.80 40.26
NaOH wt% 1.04 0.77 1.14 0.97
Glycerol wt% 40.07 37.67 38.92 58.26
Ethylene Glycol wt% 0.00 0.00 0.00 0.11
Propylene Glycol wt% 0.00 0.00 0.00 0.00
Methanol wt% 0.00 3.63 3.79 0.37
Acetic
Acid wt% 0.00 0.05 0.00 0.04
Total wt% 100.00 100.00 100.00 100.00
All feeds were adjusted to a pH of 12 using NaOH prior to use.
[0046] The pilot plant reactor temperature was controlled by submerging the reactor in a

continuously stirred bath. The reactor effluent was directed to a high pressure separator

10 operating at the reactor pressure which separated the un-dissolved gas from the liquid phase.
The rate of the gas stream exiting the high pressure separator was measured with a wet test
meter. The liquid leaving the HPS was collected as the liquid product for analysis.
[0047]

using a glycerol feed from biodiesel conversion that included methanol. The pilot plant

In a first pilot plat run, the stability of the catalyst performance was evaluated

15 process conditions were:

Glycerol Feed 1,2&3
H2/Glycerol m:m 5.0
Pressure (psig)/(MPa gauge) 1200 psi
(8.27 MPa gauge)
Temperature 374°F
(190°C)
Glycol LHSV 1.17 hr-!
Feed pH ~12
Glycol Feed Wt% 39-40

- 11 -



denonstrat ed stable performance for >4000 hours processing comerci al

aci dul ated gl ycerol while processing both USP gl ycerol feedstock and
comer ci aWwbyosgi7essli at ed feedstock with high salt cont entcofustéve/obmegist ock
(>3 W % sodi um sul fate) and cont ai ni ng >3% net hanol . 5St abl e performance
has al so been denonstrated wth HCl aci dul ated feedstock. However, sulfuric
acid acidul ated feedstock is preferable due to netallurgy issues related to
hi gh concentrati ons of chloride in aqueous systens. EXAMPLE 2 [0049]1t is

routlneln d £S .18 ise the.r t ature as the
catal yst 18 dg‘;‘gﬁ t'R° tgli)ﬁ'é’r?)sr’i‘ %?Veéé‘ﬁ%eﬁﬁedsh%&bﬂi%“fﬁ angg)gr C¥&%' order to
mai ntai n CaélabrySﬁ'bteCt@tBMep&f(ﬁmamd&OﬂlOD@ peli€proydssihgsommérciah@idudgal dfcerol
converting glycerol Iene col, increasi r tenperature
to corrpensé{‘giéIX {S’Fesé‘éggi"géf ogéécéfql\%ﬁﬁ?t% aﬂSé%‘“Wﬁ’ic}?ﬂglaﬁgﬂPtﬁggF%ﬁm&d‘ﬂ rsion.
However, t Rghisflgt@aseef theRedd@R (wm&@dlm&um afd Q&Rﬁmlﬁ%m@meﬁaﬁ@lct upon
gl ycerol sel ectivity. Most inportantl he amount of ethyl ene glycol and

but ane Yi ol tablerpéafewaa?ﬁ ftaffﬁlﬁw&etdngHSE@F%wléagégm%at?ﬁ fprisock dasyeyer

t enper at ur guinhicla8id biBulERRERFocR]s %Qéfkr%ﬂ@ d&d eéql@étalﬁlegﬁ%esvﬂetayedd@&g@as es with
i ncreasi ng reactor ten‘gerature his is problematic not only froma

propyl ene §PyeBratippei¢hloEds pegrspesysims- it al so i npacts product
purification. The purification section nust separate ethylene glycol,

propyl ene glycol and 2, 3-but anedi ol gxsouppone another to achi eve a high
purity propylene glycol product. This separation is very challenging due to
20the rela y rrall dlfferences in the bojling points (<10C) of the
three conpi)‘i%gL S%’“P’éﬁs‘ﬂif‘f‘e RO RFRESES 1A 1495 dnG 18R] BrPept BT ace ARYH rati os
of theid hr ggesMiBdiEtch sQYAE ald R cEME! 1655l EBAHB inbrlidr th dhtan SdcQ: tdsaRioni Npact
on the design of the product purification section and the operation of the

fracti onat PEHOGRPrst %‘d% dpthie 51 of prRVEIUgs glypdP) tp REPPYlepe syl ipaesIEIthe t hi s

exanpl e, Weeastdf RidpSiatgd % chRp&iat mtcat\ﬁ@st(a@wndat%'dBés%ﬁntgiB%B@&Qll cof &L ST on
25while at _the sanme tinme mnimzing the increase in the reactor tenperature

required t blovsyRidhziacieasedreagtion mpstatye hasta dptitmeanl pidepy bpanradycers! palectiviy.
product yi ghfds gewl@iiyofe axl}(gﬁrﬁ of:)@tE}l'eﬂé’%l?Jol ynd%tﬁ@\ﬂr%l Svgaeﬁdnsaygwdxctgl scover ed

that snall changes in the base concentration have a signifi'cant inpact on
t he catfal ygicropeas fblrighen cracto] GOBURNe Voaitedbelrendter prapyddngslycofseEr@nipl e | A into

h il SS6F
(1800) to TR tggai R B g oGOl Shasb i hEAEh oot oo
hydr ogen t elygblyodd pdrspeoivar but dtalso lmsaqtfgarbdwdpmdwbtmn Xhapurifyafioosectiabl e VO
2010/ 07484%}ng6€§th Qt%glgl% e$2 0% ]pr(%)?i) Igf ancrl1 %%%u?ang 1 ltflr Ongﬂe MBhEY %l uated the

process conversion an Basé& concent I ons used to adj ust
t he gl ycer athidveadhighhputity pldpyﬂmm@y@ol?p?o&tc%']‘lhﬂdpﬁr@tloh 1i4e1m%lleﬂ'gmg {ieltot  pl ant

(SRS P S I AT BBk 25 o
result, changes in the reaction product yield ratios of the three products over the cycle length
will have a significant impact on the design of the product purification section and the
operation of the fractionation steps to separate the close boiling glycols.

[0050] In this example, we surprisingly found that we could maintain glycerol conversion
25 while at the same time minimizing the increase in the reactor temperature required to

compensate for catalyst deactivation resulting in little product yield deviation. More

particularly we have surprisingly discovered that small changes in the base concentration

have a significant impact on the catalyst performance.

[0051] We loaded the catalyst of Example 1A into the pilot plant of Example 1B and we
30 operated the reactor at from 356°F (180°C) to 375°F (190°C), 1.17 LHSV, 1200 psig (8.27

MPa gauge), and 5:1 hydrogen to glycerol molar ratio using feed number 2 and 3 from Table
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Tenperature 356 356 d ycerol Conversion 75% 84% Propyl ene G ycol
Selectivity 93.15 92.8 Ethylene dycol Selectivity 2.4 2.35 Butanedi ol

Sel ecti viwg 201097@84% 5[ 0052] | ncreasi ng the NaOH concent PaTiusa00006468% ed i n
the gl ycerol conversion increasing nore than 9% from 74.8% to 84.0% The
changes in the product selectivity due to the change in the base
concentration were small. Wth 1.14 w % base the propyl ene gl ycol
selectivity was 92.8 C nol % conpared to 93.15 C nol % at 0.77 wt % NaOH. |f

t he tenper ncreased (to 365 185C) - See ure 5). tag achieve
Simi§ar gl ot M ImErLABR kT wbiksshaerne B Sigrhe Gigeo

slel ecti ?/i t Yomitkddioheust®weidjusethe @g&?al(f&m to}mtﬂfbn@? a7 wlt%%a:om@ 1288t WINaiOH tgtza 0
gl ycero ver si n was 86. 4% and_t he propyl ene gl ycol se ect|V|ty was

C nol % [0%3%134%@ Wt KYTEAE RiPtre FigpFactiap £4F sammaEee ip T8dey bilaY- 2. 40 and
2.32 Cnol%at 0.77 wt% NaOH and 1. 14 wt % NaOH respectively, operating at
365F (185C) to achieve 1586. 4% gl ycermiBIgopversion resulted in the ethyl ene
gl ycol selectivity increasing to 2.73 C nD1% Adj ustl ng t he base

concentration rather—than=th meact or—t{enperature—tg—achi-eve—t+he desired
conversi on has appreneyne pact—oen—ethylere—gl "cc! ang--but-at \,dl ol
selectivity. [0054] Theg jﬂﬁ*‘sfg "5 yeol and0B#5he” dilol 1882 i v ties are
nmore sensitive to r‘hr—\nﬂJ@rquaWEQr‘fl an pmﬁpr3f\5r6||rr:\ t Han_t &% han es i n base

concentration. We_havEcepEamesian di stover d@%0t hat| i nc¥4%asing t he base
concentration in|tReopykeagSixselSdastivihmensat @3fldr catlal ys$2-3eactli vati on with
age is preferabl ¢_tBhylaissGlyepl Selapentit ure t o eénpensat e 285 cat al yst agi ng
and deactivati on| As Butanedol Selectrdiynt ai ni ng a0bower end oP.5run rljeact or
tenperature by increasing the base concentration to conpensate for the

cat al yst déMSE] vaticonsing dylNa®OH gongeritrotig repdist irptﬂl@elyc«tlolpxgn"vefrsiiwambmsi@ct i on

and/or a h'rr%peeljhalp% Iflto¥n . W'tlocéél Wefhe%hﬁ&gs nq}{\e@ﬁro&l%l?ge?&h 1?3; Jlu%qg th% change

in the base concentration were small. With 1.14 wt% base the propylene glycol selectivity

was 92.8 Cmol% compared to 93.15 C mol% at 0.77 wt% NaOH. If the temperature was
increased (to 365°F (185°C) — See Figure 5) to achieve similar glycerol conversion with 0.77

10 wt% NaOH the propylene glycol selectivity would be lower, at 365°F (185°C) with 0.77 wt%
base as NaOH the glycerol conversion was 86.4% and the propylene glycol selectivity was
92.0C mol%.
[0053] The ethylene glycol selectivity at 356°F (180°C) was 2.40 and 2.32 C mol% at
0.77 wt% NaOH and 1.14 wt% NaOH respectively, operating at 365°F (185°C) to achieve

15 86.4% glycerol conversion resulted in the ethylene glycol selectivity increasing to 2.73 C
mol%. Adjusting the base concentration rather than the reactor temperature to achieve the
desired conversion has a pronounced impact on ethylene glycol and butanediol selectivity.
[0054] The ethylene glycol and butane diol selectivities are more sensitive to changes in
reaction temperature than to changes in base concentration. We have, therefore, discovered

20 that increasing the base concentration in the feedstock to compensate for catalyst deactivation
with age is preferable to raising temperature to compensate for catalyst aging and
deactivation. As a result, maintaining a lower end of run reactor temperature by increasing
the base concentration to compensate for the catalyst deactivation results in a lower cost
product purification section and/or a higher purity product due to the lower concentrations of

25 ethylene glycol and butanediols in the reaction product.
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25et hyl ene gl ycol and butanediols in the reaction product. WO

2010/ 074841PCT/ US2009/ 064688 [ 0055] The i ncreased base level will result in
addi ti onawoO=odvarms4sal ts. However, these byproducts are eagiusgomspssat ed
fromthe propyl ene glycol product in conparison to the difficulties
involved in separating ethylene glycol and butane diol byproducts which
have boiling points close to the boiling point of the propyl ene glycol
product. 5EXAMPLE 3 [0056] This exanpl e i nvestigates methods for achieving

hi gh gl ycer, onversi ons .and hi gh.propyl ene .gl ycol selectivity' s for

react or fegggsgont FHFH@“@%%%?ﬁV%3@F§ﬂ§%8EQ§P§@£$@Pm¥§@Smﬁ@¥C%%t@ﬁ%

h?/dr olgen P Ib@ S thices wz’i;;ﬂfdshﬁshdpelal&ﬁtﬁforﬂ tiEle propyledsggtol prbeucs &l @ﬁtpiaﬂédﬁyo the propyl ene
gl ycol increases ile the cerol conversion passes through a nmaxi mum

For a feed dfgﬁ‘gﬂ‘isdi“fﬂl‘f?ﬂ I%qugﬁﬂ?{%%émerg&tcpgaﬂdgﬂta@? Jeepproduet dhichdavey wt o

thi s maxi masiligh $6ials@los€ @MNEB &I hoRionihe pfopdeAdifdcol BRAN&E200 psig (6.89 to
8.27 MPa gauge). (See Figure 9, Feed 1) However, for a 60 w% gl ycerol feed

(Feed 4), the glycerol conversion aqﬁgﬁgggélene gl ycol selectivity both
i ncrease when pressure i s increased 800 psig (12.41 MPa gauge).

[ 0057] Cat al yst from Exanple | A was | oaded into the reactor of the pilot
pl ant desci0d5él 1Hihiz ckxapiplireedtBated methbésaot @hicwiag hizhed el catvets@apaidat ur es

of 356F (1%%%? ang 374F12%90C agd at(Pre sur es .of 1200aFSi 8, 27 MPa
gauge) and “ESEEPRYEC gyse ie%ﬁéyﬁ UJECIor 1458s LG CREHIREPSINE EXRIOY esul t s
are repor t edo wiz Tablieshydrogatiprdssbrlif e rdabBlfs ifcrédsial tHeRetedivil) tSfoPyl&k Tenp
356F 356F 189(?@%180C g%gssure (psig)/(MPa gauge) 1200 (8.27) 1800
(12.41) @G § EPlncreases ke thgglygerol conversion passes through a maximum. For a feed
10 containing a low concentration of glycerol, such as 40 wt%, this maximum glycerol
conversion point is around 1000-1200 psig (6.89 to 8.27 MPa gauge). (See Figure 9, Feed 1)
However, for a 60 wt% glycerol feed (Feed 4), the glycerol conversion and propylene glycol
selectivity both increase when pressure is increased up to 1800 psig (12.41 MPa gauge).
[0057] Catalyst from Example 1A was loaded into the reactor of the pilot plant described
15 in Example 1B. The reactor was operated at temperatures of 356°F (180°C) and 374°F
(190°C) and at pressures of 1200 psi (8.27 MPa gauge) and 1800 psi (12.41 MPa gauge).

The reactor conditions and results are reported in Tables 3 and 4 below.

TABLE 3

LHSV (hr1) 0.50 0.50
Temp 356°F 356°F

(180°C) (180°C)
Pressure (psig)/(MPa gauge) (ééq](; a 213,01())
Glycerol Conversion % 98.03 95.55
PG C Mole% Sel 89.65 94.04
EG C Mole% Sel 2.73 2.64
Lactic C Mole% Sel 2.12 0.86
Butanediols C Mole% Sel 1.60 0.27
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98.03 95.55 PG C Mol e% Sel 89.65 94.04 EG C Mol e% Sel 2.73 2.64 Lactic C
Mol e% Sel 2.12 0.86 Butanediols C Ml e% Sel 1.60 0.27 TABLE 4 EM=U1 0. 50
0. 50 TenpwoO 28i04F484190C) 374F (190C) 1200 1800 Pr essuPeT(Us300g)s46hea
gauge) (8.27) (12.41) dycerol Conversion %

TABLE 4

LHSV (hr-1) 0.50 0.50
Temp 374°F 374°F

(190°C) (190°C)
Pressure (psig)/(MPa gauge) (éé%(; a ;%8())
Glycerol Conversion % 98.02 99.73
PG C Mole% Sel 84.74 91.18
EG C Mole% Sel 3.18 3.34
Lactic C Mole% Sel 3.27 1.51
Butanediols C Mole% Sel 2.18 0.80

[0058] The results reported in Tables 3 and 4 demonstrate that operating the reactor at a
temperature of 374°F (190°C) and 1800 psig (12.41 MPa gauge), will achieve a glycerol
5 conversion of >99.6% glycerol while maintaining a propylene glycol selectivity of >91%. In

addition, at this pressure the reactor temperature can be lowered to 356°F (180°C) to achieve
a glycerol conversion of 95% and propylene glycol selectivity of 94%.
[0059] Both of these conditions are independently advantageous. First, the condition at
356°F (180°C) and 1800 psig (12.41 MPa gauge)leads to a very low selectivity to byproducts

10 such as butanediols which can greatly lower the costs of the product purification scheme.
These conversions and selectivities are very similar to those that can be achieved with lower
glycerol feed concentrations at the same LHSV and same temperature. Next, the condition at
374°F (190°C) and 1800 psig leads to near 100% conversion of glycerol. At such a high
conversion of glycerol, a glycerol recycle may no longer be required which eliminates the

15 need for a costly glycerol purification section needed for a glycerol recycle stream.
[0060] To make use of this surprising finding, the reactor must be designed to withstand
reactor pressures up to and exceeding 1800 psig (12.41 MPa gauge) at elevated temperatures.
By designing for this pressure, the process will have tremendous flexibility in being able to
handle higher glycerol feed concentrations up to 60% by operating at 1800 psig (12.41 MPa

20  gauge). By operating at 374°F (190°C), 1800 psig (12.41 MPa gauge), and 0.5 LHSV with a
60% glycerol feed, a glycerol recycle may no longer be needed and any glycerol recycle built

into the process could be taken offline to save operating expenses.
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98.02 99.73 PG C Mol e% Sel 84.74 91.18 EG C Mol e% Sel 3.18 3.34 Lactic C
Mol e% Sel 1.51 Butanediols C Mol e% Sel 2.18 0.80 [0058] The results
reported wo 20e00l7¢8#13 and 4 denonstrate that operating tRETIS2@0O6468%8 a

tenperature of 374F (190C) and 1800 psig (12.41 MPa gauge), wll achieve a

gl ycerol 5 conversion of >99.6% gl ycerol while maintaining a propyl ene
gl ycol selectivity of >91% In addition, at this pressure the reactor

tenperature can be | owered to 356F (180C) to achieve a glycerol conversion

of 95% and propyl ene gl ycol sel ectiﬁgé%wg{ﬁ 4% [0059] Both of these
condi tions are independently advant -“First, the condition at 356F
(180C) and 1800 psig (12.41 MPa gauge)l eads to a very low selectivity to

bypr oduct s[MihchIIaSIistmarapﬂedxiedh\s:smedrwfemnr g’rr@agllyglerdnl@mmremidnecooblsies of the
sel. ec[%ll Vit are very

product putifi ¢

P oer Do ihhbEal VR BERRT e KAREy SRV R R B G SRRkt FaliyFot

concentr at iTaa Satapst bﬁteplsaagami.dﬂwaxapld 1s»aamsetdeﬁrﬁﬁg ahpr. Thiexactot & dperdidt i on

Cuch a i gt EURIBYErOR U Telyebr o 0. A PRyt P ol Op Bug L & Mg e anger be |

required V%n@i@re@irbmmt’le@ {N( (] aww&ﬁ@yﬁ:@bl Red@sk Urogd Vo8 0l THRRUHIV ¢ad | on
section needed faor a %ycer ol elcycl e stream [0060] To nmake use of this
sur pri si ng VTS9P A TP MY BB must be designed to withstand reactor

pressures {mmtp ange %%&%H@:rﬁ&pﬁdﬁﬁép@l&égly@ SME’@wﬂgue;g&)meatan%%l Y Msed

t enperatures. By designi n% for th pressure, the process will have
t r enendous lsmi%tsﬁdm Fﬁgt“‘;?‘ 10 Byaijodgst éfB‘FCéWt“éS MEA wec,LHﬁVgWége 3t plokedin Hgey!1-

concentq at KRRSisiHRy R l@t‘ﬂ! ¥ B@éré&g rf%lt %&@é?x 8 seibivi Figgauge) .
By oper at i nglrﬂ)a?1 §¥ t %% ergl% s g (1 %%g gsalu 16)%&(51%%_ ltLHSV

a 60% gl ycé?%%slliléééﬂSVaﬁltéﬁ@/ éi%ﬂ"C) (1?9@ rﬁé§¢0tﬁ@8 b@ngiémowaﬁéé@fé@OﬁHéﬁpany

oporat ing nansal el 080 B RRER VDb e b et e [ B Y T
t hi s exanpbetaggdidl pefestivityitlederwhatchby oprratingtat pwpckeHV agdwwprivors botuhd be

glycerol conversion and propylene glycol selectivity can be maximized while minimizing the

15 two critical byproducts (ethylene glycol and butanediol).
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i nproved while operating the reactor at a | ow tenperature by increasing the
catal yst volune. The catalyst and pilot plant of Exanple 1 was used in this
exanpl e. Wbheorogges4or was operated 5at an H2/ gl ycerol nolrar/udse@d/ o588 0 of
5.0, a pressure of 1200 psig (8.27 MPa gauge), a tenperature of 356F (1800
and with glycerol feedstock 4 from Table |I. The LHSV was varied in this run
from0.5 to 3 hr-1. [0062] The gl ycerol conversion and propyl ene gl ycol
selectivity over the range of LHSVs is plotted in Figure 10. Byproduct

sel ecti vi tFﬁgIﬁger the LHSV range are plotted in Figure 11. 10Surprisingly,
both the gl'ycerol conversion and propyl ene glycol selectivity inproved with
decreasing LHSV at 356F (180C). The LHSV effect has been denonstrated with
both USP gl ycer bl Aandhabienemeertihg glygaerinb pfaelist glokd comprisng thpeiepsanit | y, at

| onger residence ting iy Ol vity.is |ower. Hence by
operating at |ower ﬁ@@“ﬁ%&%‘éﬁggﬁgg Ouarég(l@gédﬁngtsr%m&l’ycer ol conversion and
propyl ene gl ycol selcembinuigtabacawitipthe ghyxemd fzedlinwin feed bieniing sectig to fiemlbt wo

i | b d hy| I db il). CLAIMS: 1. A hod
errtical byproduer s (I ene B G DU BETIEH e s, L o

directing a gl ycerolditagd tiebasic feBeetobfeedicag aféahydibgen containing gas to a
conmbining a base with ﬁygeoégl(ﬁcer ol feed .in. tGﬁf feed bl endi ng sgcti on to
forma 5Sbasic gl ycer ol WS LY LEHUIARSTCHEG Relping At legst gpe 1gpcidfand Nty ¢ ect i ng
the basic glycerol feegngtreianm aAnekra By agedtBRNoadddiifhe@BRadt Ond

hydr ogenol ysis reaction section 1 ncluding at | east one reactor_and into
contact with a gl ycer olFadyhsredl Bf resenpRrsttes 3 gyedol sonysigontondgiors one

react ofp wherein the rea¢in: @PBFRhLESc®in SR QRlucCRRpALiEE 91ra)p91@mi%'19d'o@,ns
10sufficient to forma reaction section product conprising propyl ene
glycol ; directing t g @A BIigREIHOMPIAAIRT SCPBAQT Sdpar ab o rcbr m a
hydrogen rich separat of gt 882308 a@e;ﬁ%@&rlﬁhﬁrprédugﬂHo%pggigg?beyl@ﬁ’émr I 'sing
propyl ene gl ycol; and directing the separator"liquid
product to a purificatglpelgeéti on and processing 15the separator |iquid by
the further steps ofgenoMRULEAhbAkdie hibfucE BRARAKRLtohlsCitiofl -1 AIUSLinPY
conbi ni ng the separangmﬁiqui%ﬁﬁro ct&wgfh a aﬁDJﬁ}Sofoag?dﬁggﬁ%F ient to
form alsneutral i zed sephe stpavator liquiil 8y gredutet stepsmdr i si ng propyl ene gl ycol and
having a pH of neutral, t . L [ ' i epar at or
liquid product to a uﬁit9%%%?%?%%%&?39%%ﬁ%bgq%%%gﬁwgﬁg%kﬁkﬁég%?%%ﬁgIs from
the neutralized separ at ofiquid gridactanidl an @moontof adid egSenttitaldrn avetieslizéd ee
product conprising propylene. gl.ycol an reci.pitated salts; and
G rect Tng the eseentirarie R P sBE R B LB GiReb P ing g gptine
25gl ycol and precipitat edf satrilso?6;a solid/liquid separator to form an
essentjally solids free product conpt.i sjn ropyl ene gl ycol . 2. The method
of cla’m | wherein théLeEE%ﬂP$QFW?ﬂg%F?%§g¥&ggﬁéF§H8@%t BT ¥R b Popy! ene
glycol is further processgthvbwaler arltcpUaticsipld fidn asseintdliatd yepsalot Hguid r ee
product streamin at |east ogg fractionation colum to recover a purified
propyl ene 30gl ycol produdtd ©3ormmenesseatiydv s frop JIodret cRmBrEngPRYene
essentially solids free presiugd pStipRA& GAYRAKESI ng propyl ene gl ycol and
further conprising ethylene glycol, glycerol and - 17 - butanediols is
directed to a first fri¥ctieHaE hsRsserffallnyaics IFePRIE: COTRIHERIODIBEuct
conprising propyl ene gl yglgéoxamipllaa})ﬁa@é@aﬁé & A0HdAGRALERRFRE REMGH
conpri sing ethylene glycol.
essentially solids free product comprising propylene glycol.
2. The method of claim 1 wherein the essentially solids free product comprising
propylene glycol is further processed by fractionating the essentially solids free
product stream in at least one fractionation column to recover a purified propylene
30 glycol product.
3. The method of claim 1 wherein the essentially solids free product stream

comprising propylene glycol and further comprising ethylene glycol, glycerol and
-17 -



4. The method of claim3 wherein the overhead product includes at |east
99.5 wt % 5propyl ene glycol. 5. The nethod of claiml wherein the

essent i alwQ 200la7¢st1f r ee product stream conpri si ng propylPemasgiopooiessand
further conprising ethylene glycol, butanediols and glycerol is directed to
a first fractionation colum to form an overhead product conprising

propyl ene glycol, butanediols and ethylene glycol and a 10bottons product
conprising glycerol. 6. The nethod of claim5 wherein the first

fractionation col ym, ousrnead. ol 8dysh SifSAM LR 20 B aRULENg Bl ool
but anedi ol s and etHy?ene glycol Ts dirécted to a secon ract I onatt on

col umm t o separ at eomprisiret grypydane ghlcylcal biitandtidlhandpr mpyne pedglt yaopridig f or m an
essentially ethyle&& 8|é00| free propyl ene glycol product stream 157. The
met hod of clai m 1 hREPeE¥Yhe gl ycerol conversion catalyst is selected from
sol i d suppor t ed4.Cake RethoNoRgaia®lwhardih tHees ethb&r goduct Hcludéert vastbod vabs cl aim 1
wherein the glycerol conversion conditions include reactor feed
tenperatures of bEIAREERS F¥E (148C) and 500F (260C), glycerol liquid hourly

space vel ocities qhe fne®BY 0f dait0l Whleihreksseh8ABLQd PR SsHuESuedm f rom 400 to
202400 psig (2.76 to 16.55 MPa gauge) and a hydrogen to glycerol nolar feed
ratio of from 2 t&CPRISing pPramydengeyplding furthensanprisipgstyicne geolfiuediols f eed

includes fatty achglpganeW@reicd d Nrsf Ridi¥nAoh dolaRRLE ML oGdigar ol feed is
aci dul ated before directing the glycerol feed to the feed bl endi ng section.

2510. The net hod @&fodestapmpOsingrpry¢netgheolybyeradisls andethyiane Blyeelngd Rat ty aci ds
i's a bip- based gi)bftﬁﬁﬁsq}roéu%?&mprising glycerol.

6. The method of claim 5 wherein the first fractionation column overhead product
stream comprising propylene glycol, butanediols and ethylene glycol is directed to
a second fractionation column to separate the ethylene glycol from the propylene
glycol to form an essentially ethylene giycol free propylene glycol product stream.

15 7. The method of claim 1 wherein the glycerol conversion catalyst is selected from
solid supported CoPdRe, NiRe and mixtures thereof.

8. The method of claim 1 wherein the glycerol conversion conditions include reactor
feed temperatures of between 300°F (148°C) and 500°F (260°C), glycerol liquid
hourly space velocities of from 0.1 to 5.0 hr-1, reactor pressures of from 400 to

20 2400 psig (2.76 to 16.55 MPa gauge) and a hydrogen to glycerol molar feed ratio
of from 2 to 20.

9. The method of claim 1 wherein the glycerol feed includes fatty acids and wherein
the fatty acid containing glycerol feed is acidulated before directing the glycerol
feed to the feed blending section.

25 10. The method of claim 9 wherein the glycerol feed including fatty acids is a bio-

based glycerol feed.
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