METHODS FOR CONVERTI NG GLYCEROL TO PROPANCL BACKGROUND OF THE | NVENTI ON

[ 0001] Thi s .i nvention concerns nethods for nmanufacturing propyl ene glycol

t hrough t he hydrogenol ysis of glycerol. 5DESCRI PTION 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

hydr ocar bon en ssi ons. However, for every 9 kil ograns of biodiesel

produced, 1 kilogramof_a cr ude cero roduct rmed. [0003] A
probl emthat results fYBRCRTFOR ng%Yﬁri{Emgr E&P&J@r%ﬁo})ﬁ%@ refined

glycerol is that the glycerol market cannot absorb it. Wth plentiful

gl ycerol available, its price and U declined. As a result,
much of the crude gl ycerol byB%QW‘ﬁq%géﬁgghﬁg\éggﬁgﬁr oduction is currently
di sposed of or is sold at a very mninmal price. 15[0004] This probl em may
continue to wdP¥Bh bebiairsetiertrendgnsmethods fucrrdiruons BPRYMesCl ihwughiffect ed to
continue to grgownbifsidorlbBtagt of 400 million gallons of production by the
year 2012. At this production capamty, 3.5 mllion gallons of crude

glycerol w1 be produced everyﬁ@% T@Q%F%E%%Tgl ycerol can be purified
by several steps i ncl udi ng vacuum |st| lation to produce USP gr ade

| ycerol . refining the crude i.s_conpl ex and 20expensi ve.
?0%05] A probl éﬁ? hT%erHﬁi‘ég@P ?&é@&lﬁeqf’?‘%ﬁ/ Vﬁg%ﬁ%&i 1% & an g A e P at p| t
requi res cost |yeau:pg'hﬂ9£dbdugmg e BShdeprrderge drefolvipncalle gk Bddiesor is UsRevgiblade
gl ycerol. Typigall¥e s 4 kﬁ%@! pamcagly ot o hk!iroé%ﬁ)'o]qak s Gkt Yde gl ycerol

to renove fatty acids in net hanol recovery and recycl e.
Addi tional st eeﬁ@fy Priidaerdme Ofla%@ﬁe‘ﬁ?@d'tcefh\}éﬂ?g*%“h@ aé’r“é‘ﬁ@y‘?@‘loi/‘é‘/el?l%quc‘i‘ht o a high
purity 25gloyceb@feqsuch as USP gI ycerol . These addi tional pr ocess steps -

whi ch t SP

exlc(k:lanlggcgﬁgls EP(} ?faggspﬁ)ﬁgf“l ’gaﬁres"%ﬁé?'g e\%ﬁ‘fﬁ St?e“ %gécﬁ\ 1"5’&?&“3 8%06510% isng and
capi tal cost itimeeénpiywees mafketvhrodi abe it. ¥6thi pleatfulgdl yeerel aghilablelils gritpandBiSd at a
profit as a lq ertsgzrv@quhperdogygxtesuﬂrmlflc‘ﬁ%fit%eB]Eé%gﬂﬂ&gl ?emfagatgfﬂléoﬁe@gi gl ycerol

rat her than req urif cerol can be converted into
propyl ene gl yd¥§tdugsipn WéP’FenRh‘@vmseﬁﬁf%éﬁd@ld§m‘fﬁ’fye{§‘nlﬁ‘9kﬂ"ﬁ“genoI ysis. Propyl ene
glycol is g napoes commp&bme,fn @Wm&towotsbn Bec@kOmé 0G. Iiwdukt&in oBBIEiskIiN an

annual ‘productl on (g{o§§%1|%£e tPérovar{I]raiéa eh&lﬁ&laﬂpo&gaﬁm oductmng thSOFrE typi cal

uses of propyl®&h&e FESPhE PE it i onal
fluids (anti fr2eezeé; thderodaitipggapdsand.smaldon gatlamsf @nde glyphdmr&bau@duml s, foods,

cosnetics, li %9419 ecLetTﬁqé &tﬁycelglﬁgl? %é&nhéarﬁg%é\@ﬂfs%ps %él@d{&rv%c@%)sfuﬁﬁigﬁ ances,

personal care, it s a ani ma odaé bi odi esel production
plants are in t%@é‘ﬂ’%%%ﬂ%@&éer?]d{?“@é‘m rg “?gn‘b"rcé‘é’éé cTSERBPIFF ¥h t hi s crude
gl ycerol bypredasdive. | T crude natural glycerol could be efficiently

[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.



converted to propylene glycol by hydrogenolysis, then the technol ogy could
be used in 10bi odi esel production plants to increase profitability. There
is a need, therefore, for inprovenents to existing glycerol to propyl ene

gl ycol hydrogenol ysis processes so that the processes can operate
efficiently and econom cally using glycerol feedstocks and in particular
crude glycerol feedstocks that have been mninmally acidul ated. SUVWARY OF
THE | NVENTI ON 15[ 0008] Thi s i nvention includes hydrogenol ysis processes and
met hods that are capable of processing a variety of glyceraqgl feeds,

i ncl udi ng mi nilAYO] v SEFERICaHe GO PrFd iRy IS POF YR d‘ée}]%fcﬁmf“&ﬁ“‘r?fj%f“m Pher val ue
propyl ene gl ydglrognelghisC tPropitreqiyesitid aymaadl doratc@iitg chemhl with a[gB0.0 ] nianet agpect of
this invention,ar.g . JEhBQISEL SEMYTdLNROhNE RO hobE Rl ARYIENE Ol ycol
conprising the steps of: d?rectlng a glfycero ged to a pretreatmnent
section; conbinpsignedgolisrese unshipiated prbyegfpryesing.giinclieelfluidy @tﬂgﬁlﬁ@néﬁ-iﬁigg,secti on to
forma basisc Ohy el @hsfG)Phadhfbdigalf @RE, Shh&RINRAY dddSgefts B2 hdBecRhis Ir €at er ;
directing the a3|0d%§%cerol contalnLng feed stream and a hydrogen

cont ai ni ng gas Y8 & ST eRfEPYA Faee: PANEf BH™EdE i on i ncl uding at | east one
reactor and i rfo@7ronTaey, bistitdal odybtio elamb are dimeeiro$ inethods &t radligsincrksaided i n t he
at | east one r. s I r o ' |.. nver si on
condi tions suf Q?@% glr;{? Y}{&%Fﬁ%glﬁ%eg@?ygg%? (itt'o{fl crggeg{aﬁ%ﬁgﬁ%%} %&ﬁ%? %’;ﬁﬁlg‘ fl%di ng
propyl ene gl ycetvertedite ererylengyslydebbyrhyaiegandlisiss ken thotrchpelogrisetld brisedigli ng

propyl ene gl yadietPpradus@Rdladts @ indréhsd RN VIBEL BRMedd BbtesRPRF at or of f gas
and a separataor |iquid pr,oduc{ i ncl udi Eg gqrolqél ene [gl.é/col; anglgdi)recti ng
the separat or 'TPRUFEDPSHEE SPE YRR a5 BR WECEPIR IS B3R B8 Phg t he
separ at or | i quradessa confpperhtk eftitciently matheatompalty dsing aly¢eor fesdsatksand ipyartitwdarf ur t her
steps of: . cnxgy%xg&l'1?ezzaagcﬁsfa&@@p@e@,@mrmapy%ugmer oduct by conbi ni ng the
separator |iqui oduct wth an anount of  acid sufficient to forma
neutralized separator liquid p Vi neutral to 7.5 and

i ncl udi ng propyl ene glycol; §&&M%k¥%%#%%ﬁgﬁqqig the neutralized
separator liquid product to a unit operation to renove 5Swater and Cl-C3

al cohol s fi#omlQ098] neThiviayeptasdnchdpsdy dogsrolysisgrfcepsesiapd methfidy Batiaresgpaply ef
essential |y wWatRéssihg SRkt OkinGtrol 16, wdinogg BRI @RI dkaat ggaeh] RERCHPI t at ed
salts to a solid/l i%ﬂuidl sega at or §o orﬁgan esgential Iny solids free
product st r eafm A& AY %’%W%l?‘ncé) yPIrEsiticienilypnd economically. =5

fractionati ngl@0®] es@entiheetlof Yiissrokitids art mebody fyderytrtiag glwami into pepylereast one
fractionation, Q&%ntrmigi{lé @ﬁ£t@p§9¥:%ﬁecangpatguc%ﬁgegggs 9%%‘3@&%%8&'%%9 ct.

[ 0010] Anot her "aspec I'S invention1nc > s for converting
gl ycerol i2ht o 2prepith taelvesraf &st inadtepdingssesiign toHfermsa kepie slyferol enfeiingiferd a
conbi ned f eed sirdaflndhdipH A0 6L A RBecBnBSHEic BlydEd EMtaifigetdiah shda adj ust ed

to a pH of fr 10 to 12 with an aqueous base to.a hydrqgenol ysis reactor
ol ubli ng. at | PEkgen bt Eeen 0 PR BRBRR RS eoatyPbE AOREIS ¥Ry o a
15Ni / Re cat al ystintanchtaat vGOY ARglcERel coatersloy sitglysilateinnhe dabast ematacor Wipeimt es at
glycer ol conv e dyaf HAAEA & bi90%! SHLLLiGH &Miid0s il @ (5RATLLRRA sA8GE T ON
product including propylené glycol; an di recting the reaction section
product i At udioAt ’ﬁ?léfg']ﬂ raepaleps ghysel difegting theappgtionisention Bodusipaluingy dr ogen ri ch
separ at or of f ;@gReRRH A WSRBRFBT & folnl LRIBeddrRE tphratbinEt d46liidd sgpay| ene gl ycol
wherein the cqongcentrat.ion. of tt’le agueous base lils incr?:asgd.&o mai ntai n or
i ncrease gly Cgﬂm;H&({yﬁv%cﬁ)@fnéﬁropy ene giycol; and directing the separator liquid product to

purification section and processing the separator liquid in the liquid product purification

section by the further steps of:



[0011] Still another aspect of this invention are nethods for converting

gl ycerol into propylene glycol conprising the steps of: directing a

conbi ned feed including hydrogen and a basic glycerol feed having a pH of
from10 to 12 to a hydrogenol ysis reactor including at |east one catal yst
selected fromthe group consisting of a Ni/Re catal yst and a Co/ Rd/ Re
25cat al yst, wherein the reactor operates at glycerol conversion conditions
sufficient to forma reaction section product including propylene gl ycol ;
and directing the reaction section product |nclud|n ropylene col to a
separator to formh WH?‘B@&H‘W?@H‘%‘&H&PEPPW b‘f“fnbﬁ‘%%ﬁﬁﬁ’a’& °§lé‘}5“adrpg‘f%?t li qui d
product including prprhﬁmﬁmgbmﬁmkmwhaneﬁhnnhemﬁasmquhwcﬂmahx&mad i ncl udes

at | east 50 wt % gl ycer and. wher the re is controlled at
condi ti ons 300f presEuréalp ShiseTaf ureanghgmﬁﬁﬁé/g@ P‘%g%%}é‘lnt to produce a

reaction section pi. odicmlnnghlaamngh#eewal"@thldmmﬂ POl toRYEIH PREFALEN EimOves,

selectivity. DESCRI 8&L%@Fc}h@n5kﬁ%)ﬁ%§n&u@£hlz@&fbguérelqaml s a schematic of a
process enbodi nent_of this I nvention nvertln g to propyl ene
GubEEbR oy

gl ycol ; [0013] Fi gulie d‘?cﬁ“? “é? e?&‘ﬁ@%‘f’?“ffﬁﬁ‘? p’ Fté'%lé"tdi'“é is useful
in the process 5enbogkdiftated eiits folagolid@ighiyl sdpaiBidp Fargun escatially s@hdsfrhaerrat ic of a

purification section tha LS rogess enbodi nent of Figure 1;
[ 0015] Fi gures 4A and rﬁ Esmam agjll%d)réﬁglﬁ%e{k?ygﬁ %g process stability

(selectivity and cenfr@#@na@m)thww“ﬂﬂw préids feg POAUCE Y iraglsastong figptiongsiopt s of

t he i npact ;over a raaglﬁmggret;&,@pﬁ{uaﬁwp%ylgjegn)xagrpaﬂsdtng the feed base
concentration on ?I ycerol conversijon an ure 9is a

plot of the i fPHEL r datheppspyst fdigpuenidn "@,‘1“55‘85«3?66*}0‘*?1{9{#’8‘6%%?5|g&7£@’%‘ dnver si on
and product SQir@@leha/gl)tcb]%mplﬁinlggleatebxnﬂldwbéﬁngi sombined feédoaadydinfg®Od8deragiure 10 i s

a_pl ot of the Jyagle YAyl i SASLAL o BESRERIFPIGH & iiRofBaglyEer O

15hydrogeno|y5|s conversion and on propyl ene selectivity; and
[0019] Fi gur e Jydrpgenelyyi reactobincludies 4t [spraete coflysy aq?ﬁyieﬁﬁom &5 808P CPEEHE Pidsi dence
time on gl ycen@lreRyslyLERNAMAIRS cAMPK, Qtlbteih 1R Q46161 dp¥rated £ Blycd ¥ I ErFb
DESCRI PTI ON OF THE |
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 concentration of the aqueous base is increased to maintain or increase glycol
20  conversion.
[0011] Still another aspect of this invention are methods for converting glycerol into
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 S0 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.



[ 0020] The present invention relates to hydrogenol ysis processes and

appar atuses for 20converting glycerol into propylene glycol. The processes
will be discussed initially with reference to Figures 1-3. The gl ycerol
hydr ogenol ysis process of Figure 1 includes an optional feedstock
pre-treatnent section 15, a feed bl ending section 20, a reaction section
30, and product purification section 40. The process further includes an
optional neutralization section 70 for neutralizing the pH of the reaction
product before it enters product purification 25section 40. A purpose of
pretreatment section 15 is to ¥ %{) PNOEHE FIGERE} e gl ycerol feeds before
they are directed to feed bl ending section 20. dycerol containing feeds
that include fléfl2ly aGids! is asdehatiasf hirerets amballingnydtriohvehiemder convriivg  be
pretreated in QpLebiRebOEN eg,?&)p on 15. Pretreatnment section 15 includes
conmbining the fatty aci ainj ng Ycerol feed 16 with an acid 17, such
as sulfuric adfl3br Fgus %EHF@F’P%‘CQ 3 rgactionseqtign thatdfusefel ipthe BIPEES gl ycer ol f eed
18. 30The tsermn‘banrhdxu&fa:igadl refers to an acidul ated glycerol feed that wll
contain inpur un crude

gl ycer ol stre:’;@rgls1 der| %Iafsf?l gcthe'BQ'C Oﬁapuxgcago dS%CtiOH %%S%Qgglggm %u

i npurities carmbeiihantief Fenes lor nore of net hanol SOdI um potassium tranp

i mpurities, gé(ﬁs!]r lbxg&émA%@Jf@Am pla@éen%mtfaﬁﬁgcwoces%wty gliyGeRpPindf eeds such a
techni cal grade cer ol, USP glycerol, technical glycerol and aci dul ated
gl ycerol can 59‘B’8r§‘§“ ﬁf"gt“f“@at ment 5section 15 because they do not contain
fatty acids. [@0&1] THgu@Urspeseotodf tfee@phetrlvaradinggofsenteraomes 20intrsasing theonbi ne

t he reaction | ycerol and to adjust the
pH of the gl y?eee% SQP nz?}?glon?'ﬁ%%glé’g%ﬁdg @%Ll(ly%‘ea%ugef ore the basic glycerol
feed is direci®d7k o l?lem‘z:‘ilrsenloﬁs,@@teufow%@cw&%lﬁa@“ gycerpydigeerpliditls may be

combi ned in f%&%@ih@ﬂﬂlprbgu&mm&sas(i)nga/fbvtw.sgnyéeaﬁféect hat ls di rect ed to
pr et r eat nent

Oﬂﬁgctl IS ﬁg cero g"

[0022] G ycer o"%®led %%“rree]é)rﬁ DR ph B’@’a‘éwy‘f‘%‘ﬁ%‘“%if“g’re@ PE tl"éed’“dgll%‘i‘érglr ol feed
t hat has as sulhgdr@aﬁm)aislcmvmedmmﬂdnfnap)tleyle glgcdd serotititeind and, t heref ore, does
not require pk eat t e
glycerol is g @?r]a Iﬂ&?eela{dp? @&g)%/%?ﬁ@gﬁ QFY el%/aggrahf%éé(rasa%memmg%g’ ge%:ogutl cal
(USP), food aéimwgevéysgrbm@u“aﬁel:ﬁt/iéﬁshni cal grade (industrial). Bio- isbased
gl ycerol that has not been purified is known as crude glycerin. It is
common to renove inpuriti BETAILBMDESGREPTHINOEMTHE IBYENEONuUmM di stillation to
forma vacuumdistilled crude glycerol. However, the processes of this

inventi on do WQO]r e%ﬁ@se\'f@%ﬁﬂnd&lé&s% l’l)@%g&ﬁ)%@pxﬁ&%@ﬁfn@lappmlaﬁ‘l%s‘f@d
spliner's crude ? . an 85% g{ﬁ rade. Lecover d concentrated
fromthe Wt ef°s ”“I}‘%EE’FCB‘PVEtPgmp%IT‘? Y pé ST P IETS r”ﬂ ly é’l’tgcerl n, O
20aci dul at ed gifarenes o [Figatrec 1-8.SBfelg ycéreldfidogeba g process of Kighee Cioclhdds al so be used
as | ong as thg%t g&%&&%&ﬂ% uBliGer: STRNGS: af@eﬂ%leﬁ‘&]nge?(t,tlgﬂ 2&5%‘3&099&4 e used

which is prod rom-t ransesteritication o vegea e ol

[ 0023] G ycer okndfpsesigct pprifisaiipg serBoreﬁQdTMrmv fygtheignglysiey 4 @eti tnhtaﬁbzran@ts a
byproduct of Ricgon 35a6huRiAERKSESof (HYRSNRABlodiRYcrBE It E}ft§§ﬁ34ucd pirigdap&er ol feed
streans 18 and 22 in any anpunt 25that doges not interfere wt

hydr ogenoly/si &1 @4t i“cS’HfP“W'f)l?f%"é?F‘W“‘dT“y&‘de’f topEeltRt €T RIR SIS o %ce%?ﬂ@e‘gz Ry
i ncl ude up t obéGle wtParerditcb@nolfeed Bndimy sectibly 0. CEjdeipl ootainidp Eedshianintlude wt %

gl ycer ol . [ 00§a§£ Aébcgt QL?cPee@ g:‘;igp%%ce llejtds b%ﬁﬂg be & ﬁgt e?gd T’ninetr@aﬁrﬂenp L1589 section

20 i s an aque ase ase erst oo y one
skill ed in t hBreagatmeppsediion iisiaglydes 1&(mb1mng the fatty acid containing glycerol feed 16 with an

acid 17, such as sulfuric acid or hydrochloric acid, to form an acidulated glycerol feed 18.

30 The term “acidulated” refers to an acidulated glycerol feed that will contain impurities — other

4.



30adj usting the pl-1 of the chosen glycerol feed to the desired basic pH
may be used. The aqueous bases will typically be selected fromthose that
nmeet one or nore criteria of ready availability; little detrinental inpact
on catalyst activity; inexpensive; and that avoid corrosion issues.
Exanpl es of sone useful bases are aqueous solutions of NaOH, KOH, amoni um
hydr oxi de, ot her al kali netal hydroxi des, al koxides and so forth with NaCOH
and KOH being preferred. The anmobunt of base in the base feed will typically
range from0.5 to 5.0 wt % dependi ng upon the base chosen. If the pHis

adj usted wit h“l“%lé@l"ly qidie f%%ﬁé&fﬁf*?'aﬁrildar&‘yeﬂmlw?%V‘idﬁé’"a%%‘ﬁ’g‘“%‘f‘%t ion will
be fromO.1 t@ro‘éesﬂas V\El&‘h m@ﬁﬁhe@ﬁzﬁfﬂ&;ﬁﬁbb# of @b {lndhah@, sil:dxﬁm\/}to&ﬁsxuhic wdgH i s t he
chosen aqueous hen t cent on, of us solution
of KO wi ' ban o wire e e ARGRPuoBh A Wthede B SEELLERARIOOS S8
pr oduct pur|f@U&#Mdﬁ“§é@@ﬁbﬁdm&ﬂmhyﬂdMgbwwemﬁﬂﬂé@ﬂéﬁmﬁwmﬁﬁﬁﬂfﬁméﬁdlng

section 205 Oyhes, FS%QJaﬁs‘élth%iﬁEoSno‘:cdﬂ%ﬁnﬁatﬁr%lhsd and liquid - that may be to
added to thc reactor fe section 20 incl t are not

ed b
limted to, wil0&H @E‘CB‘SP‘%&F ﬁfdﬁeﬂlb@d‘%ﬁe‘it@“ g(bé [ArBIPRING A" i‘}ftﬁ’étfee eed
i ngredients km@Wdi‘eﬁxs mﬂedl@lgl)lckretbnﬂ @ atijne thepH.of (HORIFGtol feedd tipldesireld tvgicsect i on 20
I nCl UdeS at ﬁ ef ret lB'asab l);iég&)% is éllteggdt g%tl%n Ee@@onq)@s&vgxg]eo%fe?’e%t 46&1 Conbl ned
with gl ycerol and/ or orma basic glycero feed stream
35 having the nlaab‘g@t“b’pﬁ in fepéblpnglinig seclipngde Adirst feeddat3lingpipd to pigEsaimefat f rom 20 to

80 wt % 159byceéc9$nﬁn&gwc@fme@mr%nﬁrsqm/&azto 60 wt % gl ycer ol with the

remai nder bein malnlg er. Arec evvateE stre gedoF\purlflcatlon
section 50 may%%]so Fecerobise e %a’f‘ Pfgtfﬁeﬁ @Ftbef‘te KEE P #ded bl endi ng
section 20. V\atbernmiany 1pctwdiLfﬁ:@chcxumortdneanbymﬁ:ﬁgerdodsynsura;urreacttqamntamd is also

part of the b rga ds%ﬁt{ end‘fﬁﬂf&c?d‘freggﬁ&é%;s ggx?e[:ﬁgir gegfdl@rﬁgaﬂ%l%e in WAkB] i's bl ended

into the feed sect ycerol content of
t he basic ZOQEVéf’érRBme@@é@a‘t(HS hEvodjeddjtivegrade capg fec “B?‘ ﬁJ%jF ﬁ@f%ﬁté&/(ﬁ“éd process

wat er strgam gded che@fk){at\ﬁ@tn@f be@:’dﬂuﬂﬁéﬂ?ﬂfowﬂ@ﬁﬁﬁie gﬁy&Bﬁnomks)éoMﬂbﬁtb rdnfbaé 1S
added to the reactor. is and the overad% H&rguﬁess wat er use

is neutral. [HO2ieEden Cﬁlﬁ%ﬁﬁﬁe‘r‘l’bbysvé‘&‘{ufn %‘%%‘?ﬁor@ﬁ'tva%uﬁg cftde a solid
| i quid separ aghymmlsﬂevpnver] the prbdessesdfifodinveatvh db he r@mrmblaztreﬂstlgttdyu@p ol is m xed
wi th base and Q}YQ},S Ak, o %h@‘ ﬁg@ecélﬁért)la‘&n%S rg?ycgﬁurg?ﬁg}@@ge}e@axﬁi solid/liquid

separation st 8 rearter i essenti al free basic glycerol is
diluted with M@frate%ﬁmaqh% sl bydé‘tHS\?e?r’ﬂOW‘t"ﬁlaﬁh@rQi&‘i gelg slyreieey ol

concentratpon acxduOM%IyE@@dremk&n tetg SS@Q&eI Ale 281 bbﬁseaﬁhylorfg)épﬂie afty uni t
operation thatcécgffectl One

ui ds.
exanpl e of a f &reﬂ?"é‘ﬁ’a‘fﬁ%? a§§§f‘fr"8‘§ %"@ge Sr‘?dwhlfl? ‘ﬁgm cﬁﬁgﬁ%m é’gpar atus in which
the |iquid feeghsésrgfi@donafivege@bleoitsi r ect ed and adm xed with one 30another to

formthe basi ﬁ)OQJ]yC%I?cIero &idstrgéﬁ 1@‘% %S' bV MudefnﬁﬁlQnomlsecﬂgn%G&cﬁc@%fo' on 20

may be a surge tank I hgredients are conbined in a
control | ed rabasetprocassesy B@ﬁ“%%%&‘?ﬂ“{ﬁ?’ﬁvg&%ﬁ?lr@lﬂ sgg3@s B £2 B8y Yy cer ol

feed 35. The hasio6s xﬂl M@@eﬁ@\ku}m@s&d?&ée@ym; ieﬁtgofi egglcaltylgqmdblrf@dsmmm 20 will
have a basic refe have a pH of

from10 to 125'5&8 “}’ﬁﬁg‘f ‘Eﬁ“@i‘%fob ‘15‘)%3/“%‘ a%4m(lgty¥‘ﬁﬁqléﬁ° 8re§hanwslwsto/one i mport ant

vari abl e that glhekqps maxi m ze propyl ene glycol selectivity. [0029] Next the
basic glycer OtOOLﬁ ed ﬁ)%th!er%eegltl{a?\giﬁl%g iRl &)queliilb@ndn%esgétfoﬁ) B0 3% aqﬁ?o%g:lga'sé) n section

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
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530, shown in Figure 2, includes of a fixed bed catal yst reactor 42, high
pressure separator 44, and hydrogen recycle |oop. Reactor 42 is nmaintained
at the desired reaction pressure with hydrogen. A makeup hydrogen
containing gas stream 52 is conpressed with makeup hydrogen conpressor 54
to forma conpressed nmake up gas stream 55 which in turn is conbined with
basic gl ycerol feed 35 and with recycle hydrogen stream 56 in static m xer
61 10to forma comnbi ned feed stream 58. Conbined feed stream 58 is then
heated to the desired reaction tenperature in heater 59 and then it is

di rected int o Esutdsug2ExamplysefyReUspiidases pre RS lHiorh NaPHi My bgas st ream
55 may be any Mﬂfuﬂ@ﬂi}dxi’okxﬁehotﬁ&&lk&lt maamydrbtades|a&oﬁ&e&bdd&bhﬁth&ﬁthNﬁ@Hpmcncess

site. The nakeKHﬁbelx rggr fl(ljer}ﬁrlt%tllrglg /1?11 gase%‘éeéijlllnn)%&cul(lje at t 70wt %

hydr ogen and pre eas rogen rfmgigpr erer abl y nore
than 95 wt % hy-‘bl@wtj’ewpeﬂwgem@reba&eh@smliféhw{lhyfﬂlrswg@nhhldﬁtlahem ng gas stream

55 can be psurecoha&%ag@&mlim@!hé yque&b@ndma,k@umfrbwén@(gse@w@pramrmmy gas
shoul d be essentlal y f npounds and inpurities that coul d have a

detrimental i nfREet- B ‘%H% II‘C)}%QH a&eucmswaer?a?‘afe henthe SoBHnEAEPRYE vi ty.
[ 0031] Heat ed C;ﬁéfbteﬂaqhefneeﬁiutﬁ)hbemn{%l anact 8 2atvtdeast one catal yst in

reactor 42 whi [g& EOOR gvyefro Srec?(t:le §§ Pom &ﬁ(ﬂ uuhcap?n sg&%n Iid 2 alsgfbe pressure,

terrperat ure an ace SI'S reaction prOdUCt
stream 62 t hatdijegted ta&e%blmd@pch@wewgpylelohgremmtbeth s«piﬂ@eﬁﬂeqmdsﬂbaéam'@z is

directed tg gambddsint FadGRRE Bt bﬂaﬂdxﬁgose(fti% B0 Bt HE B BMIE S, a\raar at or
| i quid product 64 which is djrected gelérlflcatlon section .50, hi gh

pressure separQltot2lphes sisdqels WF%‘M“’G f wersfiets gy e viled inghe ‘b‘r essure
separ at or 44 [0026] hi Ged preatigutdosBpatakon 125 g als agjisoshuCiiepSthre armbed | S

directed at §t33 1&%0&955& vxr'n?% g Iy@é}&%eg fst?egrqng gr?d?o? ':22 t%%orm%'és?c %}cex‘oﬁfc&io pr ess ed,

and t hen adm Xe et er conpressi
hydr ogen. [0032}4"h35d‘aw@ﬁ1@iﬁ'fgefd>f*eMlﬁélmeml ff’é‘ééft‘b‘ﬂ lﬂi?d‘? e e 80 Bfe or nore

quench st r gangy) o préRrabl %mqymmt%@yw@ Ve @ @K R b@MQﬁing@mleVS' S

reaction. Quench streans 7 2' . are sho as bei but the

may be any i cﬁﬁeﬂyci'} Wa&éé“ei“ﬁé‘iap?r%p‘ﬁ\%‘?t‘l"%lfﬁ“éo"x]f’m ﬂsoteqﬁég’%t@%eg The qugnch
stream 72 wi | Ighbeopnovisd@deet hlemiuguéqimmaer\?t/amusrmelnceandha/hykiﬂogannhmude one or
more quench st Ea%@dﬁﬁanﬁﬁ%f's&Sa'n%gthéLas{c%g\(@e?ox%éfftfo} el Manks 9 B.rd%eﬁzfatextxbe

t enperat ure acr 0ss romrising nore than from10 to
80F (-1 2C t o brady inipthe fred i@ f‘f?ﬁé‘ff@?%bimym? FGardinssthpglygesy @ntentaaﬁthmaswo 40F (-12
t 0t ﬁC) [ l%g?»] gB@arslgbe@reo Gk QMeval Bwyng BEL AR RRGYRF stF¥Rh ezt; foR@agtvales | oaggd

Wi a soli ro is caa action section

Wl fnctude ddurtien SRR bdy Sa s D b e gr i B LE ST ¢
optional quengiwczssmes: ustiaderrahydr ogenol ysi s reaction conditions, reactor 42

w |l operate R bE BEdediBARl A o t[),%ﬁ ALy, Gﬁcfl h¥Slpakali@sichSknown to
be useful in g@n?/‘]ertlen rf gem S pro gne o O] Rkt Sepas sicpIn
this embodlment the acxdulated glycerol is mlxed with base and any salts that precipitate are

25  removed in a solid/liquid separation step. Thereafter the essentially solid free basic glycerol
is diluted 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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in the presence of hydrogen nmay be used in reaction section 30 of this
i nvention. Exanples of useful catal ysts include copper/chromte; copper
zinc and copper oxide with BaO MO 10Ca0, and M as additives for
activity or stability; mxtures of cobalt, copper, nanganese and
nol ybdenum More preferred catal ysts are heterogeneous catal ysts such as
CoPdRe or NiRe on a solid support such as carbon wherein the netals are
reduced. Exanpl es of sonme useful catalysts are disclosed in U S. Patent
Nos. 6,479, 713 7,038, 094; 6,6 982, 328; 900 ;. 6,841, 085. 6,677, 385,
6,570, 043; t hed'SPE Pt "ghiavot bagg el S RRTR gped i es%iﬁ’ﬁa%ﬁzwgﬁe. n 15by
ref erence. ParjH cfitoarl0yo [2raed most pelfecbly abl of B. Higk feed@$ s otk ispbresedridbie U. S.
patent applic %ﬁ%g the specification of which is
gl{héetgaﬂszxﬁagdnﬁkﬁ)po%yle egl%elg&glab

al so incor por nce 35] Reactor 42 is operated at
reaction condi098hs Nﬁ’&t‘heﬁ?WEmltfPPé 3é€§rﬁ‘VE¢1‘9§|t‘b’i€ia°6P“ getipe &9- dreagtign ey | ene

glycol . The reacihb@ninGRasdiol inOikfes bNGIxbARA Emﬁt 1@fictdr @1TRRA Bletsli@ Sep@¥hitoPef ween
300F (148C) andggow 260C nd 20400F

(2080 "o CosaREoekEarykiory BRaRER TRttt Rara R s vhearaE s [ qutd
hourly space vielogint w nfakédsHydrogen gdnymmm@bs sofan(32lis SonPrebred itphaged upon t he
sel ected gl yceyg Jo%fn%gﬂprgs@&gzl toEO ag&gs%%gng%atsgt% s wrnrcmrturh fcl ude a

react or pressu rom4 Sl MPa gauge The
hydr ogen rat e OBbneEvithedadq %5¥°°’i°bf€%‘§f°’éla ‘I"‘F‘W‘fy?lémdfgﬂ}*“ﬁﬁ’l‘@‘H?‘ﬁ‘l‘cd@‘é?‘iﬁ er nol e
glycerol feed i mr@ala@aﬁﬁeelfeeéarea@% Qﬂﬁﬁlnweemxgdm PWichaitcResBRMaIEd | i qui d

product stream64 is dire cat i section,40. The design of
purification SEEHTORAHTY ‘”g%a&éﬁ90§'ﬁfhe’6ﬁ18% seteg mtﬂeaaorpzt he propyl ene gl ycol
product produdéesol n Thenakeaghdrogeeotthiong gaTIateeamSﬁ giay et anp hysifogpr vt gex
purification 's%reérrpthgtmé{ﬁbl& m:t‘he%gs'; s@nqlhetrgzﬁ(e G%h}g%géﬂ &)Qllamng gas-gm%Idal cohol s

are recovered fromt ter 1n an al cohol he m xed al cohol stream
i s recovered dﬁﬂ"déétﬁfaé‘imé"t%’éggogte‘lﬁ%{ﬁPT@%WME?“%‘&‘%WP@P@P%’B?S& | ess than 3%
walt er. Th?lSEﬁ%ﬁégérhtﬁJ xwamt & wibd 19 @ro i OMdEbves, tilic@aiRe - hﬁhydiog&&bﬁdmhg)gag secgnd
colum. If the butane dio ro. entration in the iid product
is sufficient!¥Y4% calf%eé)uﬁh&%y‘?engm%l yﬁgeo ‘ieu 1!;% cE'c Commﬁmgga&s:}(l)o\g@r ed directly
as the over heassentpilpiiersf cmmdsh@lmwowdha@muuﬁnve afeimseta dnehcicwlcamirst bot t om
product cont ai s @EWJr?éaﬁlogLeX’eQﬁkk unconverted gl ycerol, sodiumsalts and

ot her heavy products such ropylene ycol and is directed to a
solid/liquid J854f at E?atﬁd(i"f?‘éﬁ‘?ﬂ\?‘éd é‘E?P‘Pé%CO“?aS‘G)W‘]aﬂ OB *F MBIk i on
section erﬂnodldﬁ&ﬁtesdtgy&Mktherﬁon%gwces & pvu@sumhteinmitmdasi spatvaeitgiof i cat i on
section 70 wh drachloric
acid is conbi ﬁ%r(r:l] aa}]yglogﬁnglﬁﬁs g C?Ond)do R arrmeathagﬁCl S?rgpr%engglgﬁgll rﬁc/? Ut 1iquid
product st r earprofdctsigeaingg lsaiumd(!ﬁ ga?/llqved sEpaBator - toefljmussti ghopr ¢sswenhrfmrod uct

stream 74 is 4{&R pRllfcB6d RfcnliaiRLiEd teeﬁrﬁcztféneée@mol mu%atpmgsqréqb;;a}awgas
sufficient to forma strip Ber over head stream 78 incl uding water and |i ght

(Cl- C3) al cohdreguct gfsam S isralse {papeddn bk prssupiepyatpfédn T ‘P%‘d’t“‘éﬂ“etsﬁp%t‘&ohol

col um 80 #hatgas phéiuapesatit 6B s dilect@iNBast in@As toSetyfle @indlksot 68 Wieremian over head
product st ream 82 consi,stin ht . al ¢ hoI bot t ons
stream 84 consTRRTHRY %’fi%éas%%ﬁ G aﬁltFerb{g\fJﬁrte)eé?%{eﬁm R e reé(g(l:li) eygmﬁack to feed
bl endi ng sect |[Qﬁ32]20 In@@wfelm@ermoglpmstaneacmﬁ bdtdes 01{6@0@8!?3@%?&)‘}9%87’8 al so has

a stripper botfpss fo? Eﬁeﬁ&mgﬁ% e&g{ﬁéx mél 'ﬂ%n&tﬁﬁﬁysm%a@tﬂ%l Qn&clgslt%ﬁﬁ%l 72 ab2eact ed
gl ycerol, hydrogenol ysis byproducts such as ethylene glycol, and butanols

as wel | 15as SEIShere 2 b hydrogea bpicheypnay begny lipwd ?laaa%thwt“i"ﬁ?lawwéthgt ri pper

bot t ons St3l’)ea@5}oa&s V‘ﬂfe@ﬁenbfﬁstrémxﬁd bé pxemiqahh ﬂﬂxjfﬂtﬁehﬂdmbd:x@hﬂ @Immfccndmte stream
74 1n stri PPer %s? t tr t suff1c1 ntgo npe\!egtt eltgn? era?uxe acros ath
solid/liquid s?e?i’%f?ﬁ‘feg? rﬁangé’ %?3?% e SO ds™ S Hot t ons
stream 77 fromthe liquids. Any device that is abI e to separate solids from
| i qui ds many be used. Non-limting exanples of useful solid/liquid
separators are drumfilters and hydrocl ohes. The



20solids 88, renoved fromsolid/liquid separator 86 are recovered or

di sposed of. The liquid product 90 fromsolid/liquid separator 86 i s next
directed to vacuum col unm 92. One purpose of vacuum columm 92 is to
separate heavy materials such as unreacted gl ycerol and heavy polyols as

t he vacuum col um bottom stream 94 fromthe propyl ene glycol product as the
vacuum col umm overhead stream 96. It is also possible to operate vacuum
colum 92 to 25recover ethylene glycol in colum bottons stream 94 as wel |l
in order to produce a vacuum columm overhead stream 96 that is_a sal able

propyl ene gl yci§etor paidysoirqn riginganqss §adopy 10,80 ¢ 20k ?ét(r‘)é‘&‘i‘ﬁ“@ﬂp’ie@mf’g be
recycl ed back fr@n ﬁﬁ%dncbétﬁﬂdllOW(EEGEZtR@"C)t hen bottoms stream 94 is directed

to wiped fil m @?{%EOI’ %t O[l(al sect1 36 mc %l%? eor more ea ors ogé’l w1t§§90qr at or to

remove any fin nwant. ons stream ore it is used as
a 30recycl e nahtydrogaplysif @@l}@t] Bh@efvaécmﬁm@ﬂcwoww%@hd siggle eeartord@ witey be

sold as a compeschddd oP£oQH|H£atlys¥\b1ﬁ1 ?%Mlnfu%h(kﬁ@@ Iﬂhé{ﬁyﬂno wiyslsYeabifonhi gh
enough. It is preferred that i nal pro%l ene gl yco product has a
I

purity great ercof“ﬁ%‘sQ@‘@}q"r‘gﬁﬁ“ﬂﬁﬁaé”ab?%‘f”@?'é"ﬂ “‘Sfeater than 99.5% purity. In
addi tion, the [poxapyl| engcalypoidt isph@aite be Stfeldmdiustinglpgycéroivo pmapydaae glgton

hydr ogenol ysi s, BB oduct sy, Then s agsnel ks L SE855: RIARCESSRYET o

by- product s in ecta roubl esone ar e ts with
boi | i ng poi nt sefgiefl PaaaiYStswlctUH@c%mr/Phrwgtepmm zip§ anéﬁ@pgllOéﬁews@B%Mgo(l 88C) .
Such simlar beid hd@%(bééQﬁ&dﬁé@ﬁ)ﬁachﬂﬁfloﬂﬂﬁnlgy,%ﬂwéﬁm&ﬁhlolcolﬁ)&8ﬂ§)gane%ah&' | ene
gl ycol (196-198 ” and - but gnedl ol 92(% filddl t% Pcéijgg r}\gi{ng upon
how vacuum col TP Moaeﬁﬁ?fafe data'@fsﬁﬁhéﬁ‘@g F‘i}‘éﬁﬁta HiyiBes GHESEATNRA 't he
propyl ene gl ycala sclginbgrion suel acoadbineBukisthe et 86 reddskd Gxaeplbydf song vgdfyicol i s

toxic, it wll I t | evel in
propyl ene gl ycoﬁﬁﬁgarms&%d ﬁiﬁ%vﬁgen 1(18’5”& 9%9 71?% o, @g?g?’sfﬁﬁodi% 004‘{] | n' o st

i nst ances, theb Sp‘rl@?ﬁypéﬁésé;»lwsé’@)f)%p?hem@ﬁcaswefeﬁwgﬁéwfl%ﬁwa@aw\% fsieim 92
will incluge %}r&&@&@eﬂ%h@blhﬂy g}éfgﬁdaﬂm%&tar&f]es& mmechwrsopdd&;t @pndaﬁonpr opyl ene

roduct stream 9 re.that efera 0.5 wt % and
gost pr ef er abl “‘? 1&}3@%2? ﬂieﬁ%esc@cﬁ‘r%ﬁfld@ﬂcé ‘%ﬁq@hncf’fﬁ%m‘g‘g e @rfg%ré?‘ﬁ?col product
may require fUpKkr Reaooedss opgraied ataeapidrnicailitiogs o promnte tHefcopeisios b ng i s
requir ed, t hel? nﬁgjolytgfnggyéng cd? rﬁﬁlﬂ&gtxoﬁ t:&ﬁ%%sqgldd(?r gdt(gr?eqx]f @gtuk@t’)ﬁea final

pol i shing col e unwant ed by I'n overhead stream

102 and to forh%waewﬁoﬂé:lﬂﬁr@aw ERE @7 rndpredy be%ﬁ%l’l@éﬁ"o and
[ 0042] Si mi doar |4goeFictoatdre Thd Blor w&mwo&a@ wal bé%@ﬁﬁm&ft@ﬂhdﬁi&ve&tli’qﬁia%dﬂ@C| udes

snacceptable Levela ot oYL el Ao 6o k1o SR BYSRT BT RIS e
et hyl ene gl ycdihe feagion salligitylsdurppedplde n eagérpesdurepr trou @0 2 410meia@. 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 C-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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EXAMPLE 1 A. Catalyst Preparation [0043]A Co/Pd/ Re catalyst including 2.5
w%Co, 0.4 % 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 exanples fromU. S. patent application serial no. 12/082, 997,
the specification of which is incorporated herein by reference. The

catal yst was reduced at 320C under 112 prior to use. B. Pilot Plant
Qperation [0044] d ycerol hydrogenolysis tests were performed using the

catal ysts prepared above 30 in a pilot plant. The pilot plant included a
si ngl e react orProdpridropfhesespad CO@‘TB’O&%‘) segRad cqlyathodoT Aed ot 1REPEEMIBE with an
ijnlel’t sol i d di giyentnchmi@ddighlkerdlOoaian sdl® ardi dkhai Ieatylpeodbeckuchl dipppylpese of t he
iluent is to l,engthen.the, cat st. bed to imroye the fl ow characteristics
t hrough t he be%w?HTgw%"agﬁaj1%ﬁ%%Pg§gmﬁﬁE%ﬁé§?eé%§?eaction al | owi ng the
reactor to opel08d’e nérdetailed puifecptraistojion cTpadivent #lsheytn ipBigupdwhichhpladeswi t h 40
cc of inerts g gkilidkatibPsedtfch 78 h@e A 60 8R-LmIE Gich A4S @ oERACLOE Was
operated in a once throu d ined with

pure header hf&?@ﬁ@ﬁd5ﬁﬁgggﬁggﬁ%g%ﬁg6?Eéggﬁgﬁx%ﬁégéwgg@&5¥§$@£g£bused in
t he 5Svari ous ensinph g% ofarte7.sepH idustel liguiv pfadatieirdambye lisovn dkdBld ko drifpereidst ock 1
2 3 4 Feedst Oc%er%%%f)csoil&iji&gsuﬁ%%gt tgf&{&gl’stgbpeggmgdc\shgalm 'ﬁQﬁc%ﬁ\%%égang ycerin
light (C-C3) alcohols. Stripper overhead stream is then directed to alcohol column 80 that
10 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
15 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
20 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
25 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
30  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
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Commerci al Acidual ated A ycerin I TSP d ycer ol Sodi um Sul fate wt % 0, 00
3.35 3.35 0.00 Water by KF wt % 58.89 54.53 52.80 40.26 NaOll w% 1.04 0.77
1.14 0.97 dycerol wt%40.07 37.67 38.92

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  ina 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 -



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 0.04

and to spread the heat of reaction allowing the reactor to operate more isothermally. The
catalyst bed was topped with 40 cc of inert material to act as a preheat section.

[0045] The reactor was operated in a once through feed mode — the glycerol feed was
combined with pure header hydrogen and sent to the reactor. The glycerol feeds used in the

5 various examples are set 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 wit% 40.07 37.67 38.92 58.26
Ethylene Glycol wit% 0.00 0.00 0.00 0.11
Propylene Glycol wit% 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

Al 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] In a first pilot plat run, the stability of the catalyst performance was evaluated
using a glycerol feed from biodiesel conversion that included methanol. The pilot plant

15  process conditions were:

Glycerol Feed ,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
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Total wt % 100. 00 100. 00100. 00 100.0C All feeds were ad usted to a pH of 12
using NaOH prior to use. [0046] The pilot plant reacto tenperature was
controlled by subnmerging the reactor in a continuously stirred bath. The
reactor effluent was directed to a high pressure separator 1Ooperating at

t he reactor pressure which separated the un-dissolved gas fromthe liquid
phase. The rate of the gas streamexiting the high pressure separator was
nmeasured with a wet test neter The liquid leaving the HPS was col |l ected as
the liquid product for analysis. [0047]1In a first pilot plat run, the
stability of tW@‘éat3????“%@?*5?ﬁﬁﬁ@§aﬁﬁ?”@V&Fﬁ&?é B e g2yt cer ol f eed
fronlbIOdlese|mﬁﬂﬂM@@&%&&p&hﬁhmkﬂﬁ*Hd%@hﬂ&bhﬁﬁ@hgaﬁh&nﬁﬂkﬂbh&ﬂg@hﬂdSprOceSS

condi ti ons were; d. 1,2 8 cer, ure
Bil o¥ L Aol 158 %1 ka8 K& ‘o §f9f}1§x§
(et oyl CNpa gathsprorS St ton X sterd i S| EEChfl ol M LIRS
d ycol LHSV 1 1. High dakt cohtent of the feedstock (>3 wt% sodlum sulfate) and containing >3% methanol.
5 Stable performance has also been demonstrated with HCI acidulated feedstock. However,
sulfuric acid acidulated feedstock is preferable due to metallurgy issues related to high

concentrations of chloride in aqueous systems,
EXAMPLE 2

[0049] 1t is routine in fixed bed processes to raise the reactor temperature as the catalyst

10 ages with time on stream and becomes less effective in order to maintain catalyst conversion
and/or product yields. In the case of converting glycerol to propylene glycol, increasing the
reactor temperature to compensate for catalyst deactivation does maintain glycerol conversion.
However, the increased reaction temperature has a detrimental effect upon glycerol selectivity.
Most importantly, the amount of ethylene glycol and butane diol — reaction byproducts -

15 increases at higher reactor temperature while the reactor propylene glycol selectivity
decreases with increasing reactor temperature. This is problematic not only from a propylene
glycol yield perspective, but it also impacts product purification. The purification section
must separate ethylene glycol, propylene glycol and 2,3-butanediol from one another to
achieve a high purity propylene glycol product. This separation is very challenging due to

20 the relatively small differences in the boiling points (<10°C) of the three compounds. As a
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

-12-



Feed pH --12 d ycol

Feed W % 39-40
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are summari zed in Table 2

[0054]

[lm)r%ﬂﬁced‘ @it bSetRiGe P& iR Bulakbalol @RERSy.5- 8 and

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

with age is preferable to raising temperature to compensate for catalyst aging and

that increasing the base concentration in the feedstock to compensate for catalyst deactivation

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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TABLE 2 Feed # 2 3 NaOH base Conc. 0.77 % 1.14 w % Tenperature 356 356
A ycerol Conversion 75% 84% Propyl ene d ycol Selectivity 93.15 92.8
Et hyl ene A ycol Selectivity 2.4 2.35 Butanediol Selectivity 0.5 0.5
5[ 0052] I ncreasi ng the NaCH concentration resulted in the glycerol
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 snall.
Wth 1.14 wt % base the propyl ene glycol selectivity was 92.8 C nol %
conpared to 93.15 Cno |%at 0.77 wt% NaOH. |If the tenperature was
i ncreased (to B85E ( IBsigyeasgdasefyvgyyilbresyit in gldisier woamspltti Favevgl (Pesr ol
conver si on W t fypRdilcts are easily separated from the propylene glycol product in comparison to the

difficulties involved in separating ethylene glycol and butane diol byproducts which have

boiling points close to the boiling point of the propylene glycol product.
5 EXAMPLE 3

[0056] This example investigates methods for achieving high glycerol conversions and
high propylene glycol selectivity’s for reactor feeds containing concentrations of glycerol
>50 wt%. As the hydrogen pressure in the reactor is increased, the selectivity to propylene
glycol increases while the glycerol 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 (hr-1) 0.50 0.50
Temp 356°F 356°F

(180°C) (180°C)
Pressure (psig)/(MPa gaunge) (;222(; a ,’;iol(;
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

-14-



10wt % NaOH t he propyl ene glycol selectivity would be | ower, at 365F (185QC)
with 0.77 wt % base as NaOH t he gl ycerol conversion was 86.4% and t he

propyl ene glycol selectivity was 92.0 C nol % [0053] The et hyl ene gl ycol
selectivity at 356F (180C) was 2.40 and 2.32 C nol % at 0.77 wt % NaCH and
1.14 wt % NaOH respectively, operating at 365F (185C) to achieve 1586. 4%

gl ycerol conversion resulted in the ethylene glycol selectivity increasing
to 233 C nD1% Adjusting the base concentration rather than the reactor
tenperature to achi eve the desired conversion has a pronounced inpact on
et hyl ene gl ycol and butanediol selectivity. [0054] The et hyl ene gl ycol and
butane diol selectivities are nore sermABlEWe to changes in reaction
tenperature than to changes in base concentration. W have, therefore,

di scovered 20that increaSifgy &7 base concantiapifon Tgsphe feedstock to
conpensate for catal yst geactTvatrion W th a087is |pr esefabl e to rai sing
tenperature to conpensat aTeI"ti’r cat al yst agl ngioang |deaobicyation. As a result,
mai ntai ning a | ower end run reﬁg} eim:era:toare byigoncr easi ng t he base
concentration to corrpensa]t’réss‘fri’)?p“@ PRET'SPy St (glemgti w@tdigh results in a

| ower cost product purif|GatadTosecion ®n and/ o¥8.0a |hi ghwerm3purity product due
to the | ower concentrati ppsCoolZb®l hyl ene gl y&iok and BuBanediols in the
reaction product. [OO055|H®E Mak% $ased base | évi@l| wi | B3f#esult in additional
sodium salts. However, thiestéc Oypkethdacts are eddilly sepatated fromthe
propyl ene gl ycol product |Buangdisip@MotedinSet o tlhe 2d8fif i cuPBPes i nvol ved in
separating et héo ene ,g,&ycol and but ane di ol bypr oducts whi ch have boiling
points close ti8%8he Birestivgensssdin Teptes £ prd pieBpU T ain RapPyase U5rdaat 2 SEXAMPLE
3 [0056] Thi s a&mlueedfawstwmaﬂlm;}a@ajszmmpa@a}gepwmmgm&vbglglygarg:cer ol
conver si Oﬂ% an conve lp >98%¥ (;? cerPIQNle izmt%xgﬁgv\})%}g)/ﬁ%&)é g]?%ofé Qe}liqe)(/:{é\rﬁ@% gl‘? Fi‘r?ds

cont ai ni ng °concentrations en pressure in
the reactor i sadtihn@r éassadessw fhtée @@t@@mpwtw cangbe awsysy It(eﬁé"FdIl%ﬂc‘g’l to poliE¥eases

whil e the gl y%eg]méml%%\éﬁfoﬁb@%%&ﬁ@ﬁ@&y@nb@%gmeauﬂmw For a f eed
10cont ai ni ng a OW concentrati on of cer ol such thl S nmaxi num

gl ycerol convd?®Pn Bh pthsssconditiom are Té@iﬁndf?@d’ baé’iaéeot‘%F’Ss@ ”fec?"'gm?’? \Pa
gauge). (See BlSQ’le(EBOQ.‘,) alceI8do Asjg (h'b&/wm’gauéemadﬁto6®erw!o%sglletyﬁey olbyfredds ( Feed
4), the gl ycerol conversio c " c h increase
when pr essptér e i’csh i t(F)Iuér e{a@e et Ca?%’%%%mﬂﬁg Og'(g ﬁt% ‘?f%(ﬁ}f’%%“éé bRtk

[ 0057] Cat al ystThﬁspmnvExmncbselemvwmawwasd@al 4r pprthose Hat CP’é?f@?*b?Ve‘bW‘“t eerpj | ot

pl ant descri beg@cérélf&d E&@émlaﬁonw the-gﬂﬁ'e IHRACI Eam@aénp@ﬁ@r@m@d tlﬂatcoﬁcﬂtmﬂ@f at ures
of 356F (180C) _and 3, dg and pLEsSsur es of 8 gg %

gauge) and 1863 Béligo(ci?‘ 1f0Wéglif’QﬁB§?ar OP?Eé?’SFgIECSW |AttF‘iSh &hd resul ts
are reported iconvEaiboh e&lBeransglscelrteopmle MBABL en@r beHiSYMir¢dwhidh) eliGiinb@s 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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0.50 Tenp 356F (1800 356F (180C) 1200 1800 Pressure (psig)/(MPa gauge)
(8.27) (12.41) dycerol Conversion % 98.03 95.55 PG C Ml e% Sel 89.65 94. 04
EG C Mol e% Se! 2.73 2.64 - Lactic C Mol e% Se! 2.12 0.86 Butanediols C Ml e%

Se! 1.60

EXAMPLE 4

[0061] In this example we investigated whether or not glycerol conversion could be
improved while operating the reactor at a low temperature by increasing the catalyst volume.
The catalyst and pilot plant of Example 1 was used in this example. The reactor was operated
5 at an Ho/glycerol molar feed ratio of 5.0, a pressure of 1200 psig (8.27 MPa gauge), a
temperature of 356°F (180°C) and with glycerol feedstock 4 from Table 1. The LHSV was
varied in this run from 0.5 to 3 hr-1.
[0062]  The glycerol conversion and propylene glycol selectivity over the range of LHSVs
is plotted in Figure 10. Byproduct selectivities over the LHSV range are plotted in Figure 11.
10 Surprisingly, both the glycerol conversion and propylene glycol selectivity improved with
decreasing LHSV at 356°F (180°C). The LHSV effect has been demonstrated with both USP
glycerol and commercial glycerol feedstocks. More importantly, at longer residence times the
butanediol selectivity is lower. Hence by operating at lower LHSV and temperatures both the
glycerol conversion and propylene glycol selectivity can be maximized while minimizing the

15 two critical byproducts (ethylene glycol and butanediol).
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0.27 TABLE 4 LHSV (hrl) 050 0.50 374F 374F Tenp (190C) (1900C)

Pressure (psig)/(MPa gauge) (8.27) (12.41) dycerol
99.73 PG C Wbl e% Sel 84.74 91.18 EC C Ml e% Se

CLAIMS

Conver si on

1200 1800
% 98. 02

1. A method for converting glycerol into propylene glycol, the method comprising the steps

of:

directing a glycerol feed to a feed blending section;

combining a base with the glycerol feed in the feed blending section to form a basic
glycerol containing feed stream having a pH of about 10 or greater;

directing the basic glycerol containing feed stream and a hydrogen containing gas to
a hydrogenolysis reaction section including at least one reactor and into contact with
a glycerol conversion catalyst loaded in the at least one reactor, wherein the at least
one reactor is operating at glycerol conversion conditions effective to form a reaction

section product including propylene glycol, and wherein the glycerol conversion
conditions include an average catalyst bed temperature of from about 325 to about

375° F. and a reactor pressure of from about 1500 to about 2000 psig;

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; and

directing the separator liquid product to a purification section and processing the
separator liquid in the purification section by the further steps of:

i. directing the separator liquid product to a unit operation to remove water and
C;-C3 alcohols from the separator liquid product and to form an essentially water
free product including propylene glycol and precipitated salts; and

ii. directing the essentially water free product including propylene glycol and
precipitated salts to a solid/liquid separator to form an essentially solids free
product including propylene glycol.

2. The method of claim 1 wherein the separator liquid product is neutralized before water is
removed by combining the separator liquid product with an amount of acid effective to
form a neutralized separator liquid product having a pH of about neutral to about 7.5 and

including propylene glycol.

3. The method of claim 1 wherein the separator liquid product is neutralized after step (i)
and before step (ii) by combining the essentially water free product with an amount of acid
effective to form a neutralized separator liquid product having a pH of about neutral to

about 7.5 and including propylene glycol.
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3.18 3.34 Lactic C Mol e% Sel 3.27 1.51 Butanediols C Mol e% Sel 2.18 0.80
100581The results reported in Tables 3 and 4 denonstrate that operating the
reactor at a tenperature of 374F (190C) 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 tenperature can be |owered to 356F (180C) to achieve a glycerol
conversion of 95% and propyl ene glycol selectivity of 94% [0059]Both of

t hese condit s are.i pdepe . ‘ : L.l on at
. The a LPASRENIRIL] Y. 3A%ARN gﬁlﬂé’ ce bibduet melbdlfy GOPHide! ON Al
356F (180C) %;% ﬁg@}e J)%ssg%%% tighatin QﬁeU&? 39Stk ReBprdficdin kOMVhsBGleECL i Vi Ty
to byproduct g, b oﬁg‘m Yle i ed@%%n@@l?co@fn@@ﬁcty | ower the costs of
the product puritication schenme.” These conversions and selectivities are
very simlarst§.,RB38 of il £3Rrbe 1RCRMUAH sMdt fred po&ICt BLIVGRE plopflaRd
concent r at i of1geofburthdGnchiEethylenk FNcaNgly@AMRING BivRREBL WhEis diestdd totahiestcondi ti on
at 374F (190fdctigaHonl 8018m Stb Gfoln® 3 Sovethe e Podddd Okol ey @ropylene olyed| ander ol . At
such a hi gh Gemuass i taftorel prédatiahcludme@thylesy @hjcol. ecycl e may no | onger be
required which elimnates the 15need for a costly glycerol purification
secti on needgdrif eethdd @F via@r Slwherea\thd evettesdepnduc] DEI6dhg Fopyleieeslyeskandf t hi s
surprising fbulahedigls ishbeprsceaed yra poligiinglsepdesi gned to wi t hst and react or
pressures up to and exceedi ng 1800 psig (12.41 MPa gauge) at el evated

t enper at ur es7. TRy ndthsd ghdlaig 6 arereirhihs oprteasdproduct intladep poleast aboil 195 Wkee

t remendous fprepildoe Bliyto). i n bei ng abl e to handl e hi gher glycerol feed
concentrations up to 60% by operating at 1800 psig (12,41 MPa 20 gauge).
By oper at i ngs.dthe 3igthpd plIG@)4 wiaa thosksgntiellp sofits KPmprgenshByluding aropylene HSV wi t h
a 60% gl ycerghycol Butier inclugeyesksane ghyeelyitancdiely an@qglweﬁﬁgép Beliadiedfod %ﬁd any

gl ycerol ~ r eclyastienaien dotuningip formige oparhsiad greduch prlydiperroglens sbyeelt huanediols.s gy e
operating exjpdsthulene glycxiquibp botpnsprgugt insluding glyeskdnpl e we i nvesti gat ed

whet her or not glycerol conversjion could be i roveqd ile o eriati ng the
reactor at a?-ITbW@?f’p‘éfr"&Erﬁ?@’hﬁfﬁlnitﬁ?d}v@éigﬁdﬁg’df’ﬁg%@ pejdis fac\‘/‘,iﬂ‘la‘ colife

catal yst andsplipded 19 asteont frE)E‘%’??BP’éC“;“%é lﬁ?iﬁ‘tei © e “eeﬁlé( Jréo.m e reactor
was oper at edPraareng glysed jofpsrraaressentialy shylenscalycplffee grogylene gycolpr

, "ssure of 1200
psig (8. 27 NIF(.)?'T ea }rjlgt%())d ofa claim 1 wherein the glycerol conversion catalyst is selected from the

group consisting of solid supported CoPdRe and solid supported NiRe.

11. The method of claim 1 wherein the glycerol conversion conditioxzsl; include reactor
glycerol liquid hourly space velocities of from about 0.1 to about 5.0 hr™" and a hydrogen
to glycerol molar feed ratio of from about 2 to about 20.

12. The method of claim 1 wherein the glycerol feed includes fatty acids and is acidulated
before being directed to the feed blending section.

13. The method of claim 12 wherein the glycerol feed including the fatty acids is a bio-
based glycerol feed.

14. A method for converting glycerol into propylene glycol, the method comprising the
steps of:

directing a combined feed including hydrogen and a basic glycerol feed that is
adjusted to a pH of from about 10 to about 12 with an aqueous base to a
hydrogenolysis reactor that includes at least one catalyst selected from the group
consisting of a Ni/Re catalyst and a Co/Pd/Re catalyst, wherein the reactor is
operating at glycerol conversion conditions effective to form a reaction section
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tenperature of 356F (180C) 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 glycol selectivity over the range of LHSVs is
plotted in Figure 10. Byproduct selectivities over the LIISV range are
plotted in Figure 11. 10Surprisingly, both the glycerol conversion and
propyl ene glycol selectivity inproved with decreasing LHSV at 356F (180C).
The LHSV effect has been denonstrated with both USP gl ycerol and commerci al

gl ycerol feedst ogks, N Aol fHa WIRREER cbRSIABACS thé MERolhe
~ butanedi ol sel eCﬁl:%éé' ih Yhe! b%sig?wggr}jl féé%riﬁ:ﬁnpl@éée@@@l: Bink &K b glyedBIrcobddRiorand

t enper at ures bot ReidiRndInke8E 8 aveREY GahisObtd AshsheRELPIkEE Malitaye®lt #BleEeCt i Vity
can be maxi m zed 3gkd . &r MsHwRilZihB GordchiRrad &t WAhEidubdus Bhse by pHeadsic gBcdratt hyl ene
gl ycol and but angebdqd dncreased fidiMEin br intreaRtgN@ekof @hvagveIpkdpRngplyestr ol i nto
propyl ene gl ycol ,and he met hod conprising the steps of: directing a glycerol
feed to a feed bl ending section; conbining a base with the glycerol feed in
t he feed bl endi nglirsotiag ihenedctionf @etion prddaciincluging pespglencgpdohiond segarhteet st ream
having a pH of abfowta hiregen gicka¢perator adifrges tidg sephmtob digiid peidye énadidingont ai ni ng
feed stream and ardpyldreagienl. cont ai ni ng gas to a hydrogenol ysis reaction
section including at |east one reactor and into contact with a glycerol
conversi on c&t Zhymethddoddiaih [4witetein the adueens base prnprisesNaOH or kit ei n t he at
| east one reactor is operating at glycerol conversion conditions effective
to form a rebttThsnmebed obslapm dduwheréimdha, dausguspbasp ,@h@eg)lpw& andyfhe wher ei n
the gl ycer ol caseanirasionof thecagnrons Phaprsingthicbasighaproblped giomeabodl 43 ¢t fote
t enper at ure PPUEFbME%about 325 to about 375 F. and a reactor pressure of
from about 1500 to about 2000 psig; directi ng tth%reacti on, section product
i ncl udi ng pr gb;ﬂl%ﬁ’éth Qlcgpimg |§ wheein, e gyespee calalyy é""ﬁ’%’&?‘f?gégm aﬁ’ﬂ”:separ at or
of f gas and 3 sdpdp 4PV I7Pqdii andh ol dPersasyd| WaMAGRBr YpPFERE BT $EET°! and
directing t h&"$&PUrator liquid product to a purification section and
processing the ,separator liquid in the purjificati section by. the further
steps of: nzIA “_‘g‘ﬁ?dg f Fﬂaergﬂ%g]%eﬁ%{r' t?@ﬁ)opyéeﬂ%glﬁco%gg?j%tﬁ 04 O r%‘ﬂ? ®operati on
to remove wal® ®ind C1-C3 al cohols from the separator |iquid product and to

forman essenti al l }fii tggcgnrﬂgged% (aqgc l{ Ny
rE&k|
L &

.o recti Tudi ?ffr dn"td BHRY, lft@l%l %Ieé'ﬁ 'ntgand
precipitated salts; dides ™ ago},ﬂ e r@g%ﬁoff§fs'r cof P fnBligdslaee
product incl udi ng g é{'bs&ﬁav%gm st HLkaBy SCbRUEPESH 03 3lduB cofistng@lal d/ 11 qui d
separator to form gpy %&El%'a 1 ¥o/BORE Bo1 ,%ﬁgmnqmact&@s Sl pYIeLAPY | ene
glycol . 2. The metlod Qf GhahdR Lrlst & ﬁfég_ reS@RAIELION plodfyisbiRERduUCt s
neutralized before valgle hiSed SHRVEL thih SOMO1.Hb0EndRE CSRBRIBLkctlvitgui d
product with an amgali,Ohe Qwglgzefr&%édvr%cm&sfa@rnezktasm@uwafgn;&_%x,saﬂa_r at or
l'iquid product haviyigref R oBleerBP@IAVerfEH toltiohL i@ bn GvédagdNtalyBChdadi Ng

propyl ene glycol. (gpehife SEHARDTOIF. 6F Rishnd a WaBLpBssiB Of F&RAbS @500l | qui d
product is neutral kzgdudbb®psishfP (i) and before step (ii) by conbining the
essentially water free product with an amount of acid effective to forma
neutralized separ aypéctihg BirchctinQedtioh plydidt i@luding Ipropdlesiyto! talsepardiort 0 about
7.5 and including gy el £mediggenCadh. sepdrdtor offdgas HRe aneplradr dfuidpaddartl wher ei n
the essentially soliicigingpepylpieqiitéell | ncl udi ng propyl ene glycol is further
processed by fractionating the essentially solids free product in at |east
one fracti onat Tmerddwntlaimn 18 ebeaviarthaglpisral torersion opditeneinghdecoteageroduct .

5. The net hagyceb! lijusi houdy sphenelonitt dfdromsbanDisad hbpusl s free product

i ncl udi ng propyl ene glycol further includes ethylene glycol, glycerol, and
but anedi ol s 28ntheinsthdd pEdsimd Stwheinftha sctdr pesuiednatobid§0&psigarm to form an

over head product including propylene glycol and butancdiols and a bottons
product including ethylene glycol. 6. The nmethod of claim5 wherein the
over head product including propyl ene gl col and butanediols is not
processed by a polishing step. 7. Thg 8fet hod of claim6 wherein the

over head product includes at |east about 99.5 wt % propyl ene gl ycol.



8. The method of claim4 wherein the essentially solids free product

i ncl udi ng propyl ene glycol further includes ethylene glycol, butanediols,
and glycerol and is directed to a first fractionation columm to form an
over head product including propylene glycol, butanediols, and ethyl ene

gl ycol and a bottons product including glycerol. 9. The nethod of claim8
wherein the overhead product fromthe first fractionation colum is
directed to a second fractionation colum to separate the ethyl ene glycol
fromthe propyl £ 0 : td ahe 8lpePlvolit ee
propyl ene g|gﬁ;ﬁﬁﬁﬁgﬁygﬁgm5&8{9@%%9ﬂ%?ﬁ%%gé?égkﬁfﬁﬁ%*therein t he glycero
conversion catalyst 1s selected fromthe group consisting of solid

supported CoRsRg. AREoS&H dfin 35 RRAEL @ N8I convksion LORiTBAE HoRldOthe Edagtbm 1
wherein the gleyGRIe ok ABNRT1§003RigGO Mt 1900 5sid, Ml aveleger @RBEWed gnperaued | i qui d
hourly spaceped®eiotd £3° Pfto bbRMB6aLOYENd: rkadd® gBb@bltlighid oty spadedrelacityy dr ogen
to gl ycerol ophdadathead toabdub1.ohrf.rom about 2 to about 20. 12. The net hod
of claim1l wherein the glycerol feed includes fatty acids and is aci dul ated
before being directed to the feed bl ending section. 13. The method of
claim 12 wherein the glycerol feed including the fatty acids is a biobased
glycerol feed. 14. A nmethod for converting glycerol into propylene glycol,
t he nethod conprising the steps of: directing a conbined feed incl uding
hydrogen and a basic glycerol feed that is adjusted to a pl-1 of from about
10 to about 12 with an aqueous base to a hydrogenol ysis reactor that

i ncludes at | east one catalyst selected fromthe group consisting of a
Ni / Re catalyst and a Co/ Pd/ Re catal yst, wherein the reactor is operating at
gl ycerol conversion conditions effective to forma reaction section -18-
product including propylene glycol, and wherein a concentration of the
aqueous base in the basic glycerol feed is increased over tine and the

gl ycerol conversion conditions include an average catal yst bed tenperature
that is maintained at about 375 F. or |less while the concentration of the
aqueous base in the basic glycerol feed is increased to maintain or

i ncrease glycerol conversion to 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 |iquid product including
propyl ene glycol. 15. The nethod of claim 14 wherein the agueous base
conprises NaCOH or KOH 16. The nethod of claim 15 wherein the aqueous base
conpri ses NaOH and the concentration of the aqueous phase in the basic

gl ycerol feed is fromabout 0.5 wt %to about 5.0 wt % 17. The net hod of
claim 14 wherein the average catal yst bed tenperature is from about 325 F.
to about 375 F. and is not increased to maintain or increase the glycerol
conversion. 18. A nethod for converting glycerol into propylene glycol,
the nethod conprising the steps of: directing a conbined feed incl uding
hydrogen and a basic glycerol feed having a pH of from about 10 to about 12
to a hydrogenol ysis reactor that includes a catalyst bed having at |east
one catal yst selected fromthe group consisting of a NN/Re catal yst and a
Co/ Pd/ Re catal yst, wherein the reactor operates at glycerol conversion
conditions effective to forma reaction section product including propyl ene
glycol with less than about 1.0 butanediol C nole % selectivity, wherein
the basic glycerol feed includes at |east 50 wt % of glycerol, and wherein
t he gl ycerol conversion conditions include an average catal yst bed
tenperature of about 375 F. or less and a reactor pressure of from about
1500 to about 2000 psig; and directing the reaction section product

i ncl udi ng propyl ene glycol to a separator to forma hydrogen rich separator
of f gas and a separator liquid product_ including propylene glycol. 19. The
met hod of claim 18 wherein the egceroWBtonversion conditions include a
reactor glycerol liquid hourly space velocity of fromabout 0.5 to about
2.0 VI, 20. The nmethod of claim 18 wherein the reactor pressure is about
1800 psig. -18Ak. 21. The nethod of claim 18 wherein the average catal yst
bed tenperature is fromabout 325 F. to about 375 F. 22. The net hod of
claim 18 wherein the glycerol conversion conditions include the reactor
pressure of from about 1600 psig to about 1900 psig, the average catal yst
bed tenperature of from about 325 F. to about 365 F., and a reactor

gl ycerol liquid hourly space velocity of fromabout 0.5 to about 1.5 hr-1.
- 18B-



